
Abstract 

 Plant functional traits at the leaf level are commonly used to predict ecosystem 

responses to environmental factors and describe global climate change processes at the 

ecosystem level. Plant functional traits include both leaf biophysical traits (e.g., 

photosynthetic pigment content and water content) and structural traits (e.g., leaf thickness 

and proportion of photosynthetic and non-photosynthetic tissues). 

 Leaf biophysical and structural traits can be detected either destructively in the 

laboratory or non-destructively using leaf optical properties. Although estimating chlorophyll 

content from leaf optical properties is a well-established methodology, the influence of leaf 

structure and internal anatomy on leaf optical properties has only been thoroughly studied in 

the last two decades. 

 The papers included in my thesis and my thesis itself are mostly focused on the study 

of typical European deciduous trees of temperate and hemiboreal forests with leaves having 

a dorsiventral structure (i.e., the mesophyll is differentiated into palisade and spongy 

parenchyma). Furthermore, my thesis includes a study on the effect of leaf surface structural 

traits on optical properties. In this study, two groups of phylogenetically close herbs with 

comparable internal leaf structure were used (mutants of Arabidopsis thaliana L. and species 

of the genus Hieracium). 

 In my first paper (Neuwirthová et al., 2017), I considered the optical properties of a 

single leaf or a stack of five leaves as a simulation of optical properties at the canopy level. In 

this study, some commonly used vegetation indices used to detect chlorophyll content were 

found to be strongly influenced by the stack of leaves structural factor, while other vegetation 

indices were not affected. My contribution in the form of anatomical analysis and its 

interpretation in the second paper (Lukeš et al., 2020) helped to clarify the effect of internal 

dorsiventral leaf asymmetry of deciduous trees on their leaf reflectance from different angles 

of radiation incidence. Upscaling this observation to the canopy level helps to refine the 

interpretation of optical data at the canopy level during the growing season. Not only the part 

of the season is important for canopy reflectance, but also the leaf development strategy of a 

given tree (Neuwirthová et al., 2021a). The formation of young developing leaves was 

observed throughout the growing season in the studied tree species. Continuous leaf 

development, therefore, could influence reflectance at the canopy level, not only at the 

beginning of the growth season but throughout its duration.  

 The last paper focused on the effect of the surface leaf structure on its optical 

properties (Neuwirthová et al., 2021b).  Apparently, due to the close relationship within the 

two model groups (A. thaliana mutants and several species of the genus Hieracium genus) the 

differences in leaf structural traits were minimal and thus, no effect on the specular and total 

leaf reflectance was observed. However, we were able to model basic leaf biophysical traits 

based on leaf optical properties using PLSR, which had not been previously described for the 

species A. thaliana.  

 The present text of the thesis has been written from a biological perspective to give a 

more detailed ecophysiological dimension to spectroscopic studies and should contribute to 

better connecting the fields of plant physiology, anatomy, and laboratory spectroscopy with 

the spectroscopic methods involved in applied remote sensing. 

 


