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Context

A long-term goal in functional ecology:
explaining and categorizing plant diversity



Describing functional diversity and ecological strategies in plants

The 'worldwide leaf economics spectrum'
Wright et al., Nature 2004
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> Requires the measurement of multiple, laborious traits: 
- Specific leaf area      SLA = leaf area / leaf dry mass
- Leaf dry matter content      LDMC = leaf dry mass / leaf fresh mass
- Net photosynthetic rate
- Nitrogen concentration
- etc.

> Screening many species and/or genotypes in contrasted conditions:
- In wild conditions
- In common garden
- In controlled conditions
- etc.

Describing functional diversity and ecological strategies in plants



NIR Spectral “Collection” on Arabidopsis thaliana
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Morphological and 
physiological traits

Leaf nitrogen content 
(LNC)
Specific leaf area (SLA)
Leaf dry matter content 
(LDMC)
Relative water content 
(RWC)

Stomatal density
Vein density

Photosynthesis
Delta13C

Metabolomic 
traits
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Phenolics
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Anthocyanins

Phenological 
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Flowering time

NIR Spectral “Collection” on Arabidopsis thaliana



Experiment Growth 
Condition Treatment Spectrum 

number
 Variable 
number

Variable

AraBreed Spring 2018 Outdoor
Herbivory              
Water deficit                
Combined stresses

1791 97
LNC, SLA, LDMC, 
RWC, delta13C, 
Metabolites

AraBreed Spring 2019 Outdoor
Herbivory              
Water deficit                
Combined stresses

227 2 SLA, LDMC

TE Outdoor Outdoor Wild 76 3 LNC, SLA, LDMC

Plast-Edge 2019 Greenhouse
Water deficit 
Temperature (Low and 
High)
Combined stresses

1646 4 SLA, LDMC, RWC, 
Survival

Resorption 2017 Greenhouse Control 11239 3 LNC, SLA, LDMC
Herbivory 2015 Greenhouse Herbivory 5297 3 LNC, SLA, LDMC
CEFE 2018 Greenhouse Control 114 4 LNC, SLA, LDMC, 

Leaf thickness

Arabreed PHENOPSIS 2018 PHENOPSIS Control 745 5
LNC, SLA, 
LDMC,RWC, 
delta13C

AraBreed Pilot 2017 PHENOPSIS Control 333 60 Metabolites
Total Raw Spectra 21468 100
Total Spectra for 
prediction 8427

Total Mean Spectra 4471

NIR Spectral “Collection” on Arabidopsis thaliana



NIR Spectral “Collection” on Arabidopsis thaliana

Objectives:

1. Predict functional traits and plant strategies

2. Predict environment of origin and stress response

3. Predict leaf metabolites concentration

with a single measurement!



Statistical analyses: deep learning choice
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Statistical analyses: deep learning method (2D CNN)
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Statistical analyses: deep learning method (Separable 1D CNN NIRS)
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Results: 1. Predict functional traits and ecological strategies?

NIRS well predicts trait relationships
and recapitulates plant ecological strategies



Results: 2. Predict growth environment and stress response?

NIRS predicts 
plant survival to stress 

(water deficit x temperature)



Results: 2. Predict growth conditions and stress response?

NIRS accurately predicts 
growth conditions 

(outdoor versus indoor)



Results: 3. Predict leaf secondary metabolites?
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Conclusions

1. Predict functional traits and plant strategies?

--> yes

2. Predict environment of origin and stress response?

--> yes

3. Predict leaf metabolites concentration?

--> very variable
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Annexes



Comparing CNN and PLS approaches



Preliminary investigation of spectra: PCA on spectrum values



Preliminary investigation of spectra: PCA on spectrum values



Preliminary Investigation of Spectra: Remove outliers on mean 
spectra



Pretreatments of NIR spectra: SNV and SG

Standard Normal Variate 
correction (SNV)

Every data point of the spectrum is 
subtracted from the mean and divided 
by the standard deviation: 
normalization of spectra

Savitzky-Golay smoothing 
filter 
(SG)

SG smoothes signals and calculates 
derivatives: enhance signal 
properties, and suppress 
unwanted spectral features that 
arise due to nonideal instrument and 
sample properties


