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Objectives

� At which developmental stage ?
� At which wavelength ?Determine if Venturia inaequalis infected leaves couldbe differentiated from healthy leaves by measuringtheir hyperspectral reflectance spectraStress-induced variability

Determine if physiological changes in healthy leaves could be detected during the first days of development by measuring their hyperspectral reflectance spectra
� Link to physiological knowledge ?Phenological-induced variability
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Apple scab disease cycle
Scab stress manifests in different stadia
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Vegetative Material

‘Rewena’Resistant to scab ‘Braeburn’Susceptible to scabIn vitro cloned cultivars
ControlPlaceboInfected 2 leaves/plant2 leaves/plant2 leaves/plant10 plants/cultivar10 plants/cultivar10 plants/cultivar Total: 402 measurements/leaf Total: 402 measurements/leaf

Total: 402 measurements/leafNumber of plants & measurements
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Objectives        Methods

Logistic Discriminant Analysis (LDA)Tree-Based Modeling (TBM)Solution • High dimensionality of the hyperspectral dataset (too many variables: 350-2500 nm)• Data not normally distributedProblem
Detection of differences between

hyperspectral reflectance spectra of healthy
and infected leaves using LDA and TBM
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Logistic regression

• Binary response variables stressed (0), healthy (1)• Normal distribution not required
Step2 : Discriminatory performance (ROC-curve)Step1 : Analysis at each wavelength (350-2500nm)
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Logistic regression
Susceptible cultivar

Resistant cultivar
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Tree-Based Modeling 

• Dimension reduction of high dimensionality• Normal distribution not required
Step 4 : Plurality ruleStep 5 : Accuracy - κ-values & correctness valuesStep 3 : Stopping rule - cost-complexity pruning, 10 x CVStep 2 : Selection of splits - impurity criterion Gini indexStep 1 : Define decision rules
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2005 0.380.6924390.580.792439+19380.830.912439+1938+414+41031

0.430.716990.630.81699+4540.830.91699+454+405+159426

0.500.759760.680.84976+4010.680.84976+40121

0.650.837670.650.837670.650.8376718

0.550.784010.550.784010.650.83401+190314

0.180.595310.180.595310.750.88531+741+1777+1397+697+58110

κκκκCORRECT1 WVLκκκκCORRECTPruned TBM κκκκCORRECTFull TBMDay

Tree-Based Modeling

Rewena : RESISTENT CULTIVAR

0.850.937010.850.937010.880.94701+143331

0.970.996980.970.996980.970.9969826

0.850.927840.880.94784+5120.880.94784+51221

0.970.998400.970.998400.970.9984018

0.700.8516150.780.901615+5130.780.901615+51314

0.720.8724470.720.8724470.720.87244710

κκκκCORRECT1 WVLκκκκCORRECTPruned TBM κκκκCORRECTFull TBMDay

Tree-Based Modeling

Braeburn : SUSCEPTIBLE CULTIVAR
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TBM resistent LR resistent TBM susceptible LR susceptible

Logistic regression ~ TBM
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Conclusions – Stress Detection

Immediately after infection

30 days after infection

• Susceptible cultivars: 1500nm –1800nm, 2450 nm

Two weeks after infection

• Susceptible cultivars: 700nm – 850 nm

• Resistant cultivars : 970nm, 1650nm

• Susceptible cultivars: 550-715 nm, ~1500 nm
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• Causality of the results of the scab experiment ?• Normal growth process Stressed • Ontogenic resistance ?• Test TBM on dataset of which the physiological changes are well-knownfeed-back physiological knowledge

Phenological variability
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Phenological variability

VIS region
dominated by

pigment amounts

1450 nm and 1940 nm
main water absorption

bands
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Red edge characteristics
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Phenological variability
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�[Chl]   (absorption feature around 670nm broadened)

Feed-back chlorophyll-related indices :
(Zarco-Tejada et al., 2001) 

R750/R710

R750/R550
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Conclusions - Phenology

• Pigment concentration increases during firstdays after leaf development• Results of TBM can be explained byphysiological knowledge
• TBM was succesful in detecting effects of physiological changes in plants using hyperspectral data

Feed-back physiological knowledge
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