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Location of healthy and green attacked sample plots in 
the Bavarian Forest National Park in July 2016

Leaf level 2015 Canopy level 2016

Healthy 
trees

Infested 
trees

Healthy 
trees

Infested 
trees

Tree 66 54 93 62

Total 120 155

Plot 30 21 40 21

Total 51 61



Leaf level



The flowchart of methods used to measure leaf properties

Leaf sample

Destructive method for the nitrogen concentration measurement using dried foliar 
samples

Foliar reflectance measurement using an ASD FieldSepc-3 Pro FR spectrometer 
equipped with and ASD RT3-3ZC integrating sphere

Destructive method for the chlorophyll content 
measurement using Acetone (100% V ) 



Distribution of measured chlorophyll and nitrogen concentration for healthy 
and infested needles. 

Chlorophyll Nitrogen



Mean reflectance spectra of healthy and infested leaves at the green
attack stage. Gray areas depict the location of wavebands displaying is a
significant difference between healthy and infested spectra.



Correlation between chlorophyll and nitrogen with the reflectance of
individual wavebands. The bold lines represent the wavebands at which
the reflectance spectra correlated significantly with the chlorophyll and
nitrogen concentrations.



Canopy level



Cluster plots based on the first two PCs

Selection probability value of SVIs obtained from PLS-DA Random frog
algorithm
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