Abstract

Norway spruce (Picea abies (L.) Karst.) is an important economic tree species in the
Czech Republic, which is currently significantly weakened and dying under the impacts of
climate change. In young spruce forest stand in mountain region that was artificially established
after the large-scale disturbance of forests in the mid-1990s, on the "U Dvou louc¢ek" research
plot represented by a small forest catchment of an area of 32.6 ha, located in the upper part of
the Orlické Mountains at an altitude of 880 — 920 m a.s.l., and in site conditions of
predominantly Abieti-fageta piceae — water balance measurements were carried out during the
2019 and 2020 growing seasons. At the same time, during the mentioned two years, in total 6
samplings of biological material were carried out according to a standardized sampling
methodology, and laboratory analyzes were carried out on this material. Laboratory analyzes
were focused on three established age categories of needles, namely 1, 2, and 4 or more years
old. The biophysical parameters of needles were determined based on the measurement of
structural parameters and concentrations of photosynthetic pigments - chlorophyll a,
chlorophyll » and total carotenoids from samples extracted in DMF using a laboratory
spectrophotometer. Optical properties of the needles were determined by measurements of the
hyperspectral reflectance data at wavelengths of 350 — 2500 nm using the contact probe of a
spectroradiometer. From the third sampling (inclusive), "in sifu" measurements of the last year
of shoots and needles were also carried out, namely: fluorescence measurements of chlorophyll
a needles; measuring the water potential of shoots and determining the ratio of dry matter in a
fresh sample of whole shoots. Hyperspectral data were evaluated using eight selected
commonly used vegetation indices from the groups of vegetation indices for determining water
content and for determining chlorophyll content. And PLSR regressions enabling evaluation of
the entire spectral range of data were applied, as well. The analysis of the water balance of the
forest catchment based on evaluation of a number of hydrological components in the two
monitored years showed significant differences of hydrological conditions during the spring,
and partially also during the autumn. The SWC/PET index (ratio of soil water content to
evapotranspiration potential) or characteristics expressing or integrating concentrated runoff
(SO, SO/PUC) proved to be very suitable for these site hydrological evaluations. The influence
of the phenological phases — spring, summer and autumn — on the development of biophysical,
physiological and optical properties of needles and shoots proved to be very limited, while even
in the case of significantly correlated biophysical parameters, the dominant influence of the
early ontogenetic phase of the development of needles during the first year after sprouting was
evident, if this factor was covered into the analyses. A significant influence of phenology was
found only for two biophysical parameters of needles: EWT and DW/FW, when both are
expressing the water content in the needles. The result that the spring phenological phase
manifests itself in significantly deteriorated biophysical properties of needles from the point of
view of water content was also confirmed by physiological and biophysical analyzes of shoots
and needles within "in situ" measurements, even at the level of lower chlorophyll fluorescence
a (Fv/Fm ) and the results were also confirmed at the level of tests of the vegetation indices WI,
NDWI and MSI under the influence of phenology. The influence of the water balance of the
forest stand from the point of view of the water supply of the forest site and the local
transpiration demands on the evaluated biophysical parameters of needles proved to be very
weak; in reality, it was only for the DW/FW parameter of the needles, or the EWT parameter,
1.e. for the parameters determining the water content in the needles. This was also confirmed
by the results of the correlations with the vegetation indices, where the highest correlation of
hydrological variables was with the WI, NDWI and MSI indices, which are indices generally
used to express the water content. A significantly higher correlation was found between the
evaluated hydrological characteristics and the physiological and biophysical parameters of



shoots and needles of the last year in "in situ" analyses, especially for the DW/FW ratio of
shoots. Vegetation indices WI, NDWI and MSI were later proved, based on high and significant
correlations that are generally suitable for determining the following biophysical or
physiological parameters of needles or annual shoots: DW/FW of needles, carotenoid content,
total chlorophyll a+b content, chlorophyll 5 content, chlorophyll a content ; fluorescence of
chlorophyll a, water potential of the shoots and possibly DW/FW of the shoot, as well.
Vegetation indices Vogelmann, Datt2, RMSR and NDChl proved to be suitable for estimating
parameters of carotenoid/chlorophyll ratio and chlorophyll a fluorescence, possibly DW/FW of
the shoot, as well. In PLSR regressions, suitable parameters to be estimated from hyperspectral
reflectance data are the biophysical parameters of: carotenoid content, chlorophyll a content,
chlorophyll & content, total chlorophyll a+b content and LMA and the water potential of shoot,
but the development of further research in this area is desirable due to the evident potential of
this comprehensive method. Additional analyzes also demonstrated that the shoot water
potential, fluorescence of chlorophyll a and dry mass ratio of the shoot of the last year were
significantly correlated (not only one with each other), but also with some of selected
biophysical parameters of the needles detected at the level of all three evaluated age classes of
needles - especially then it was true for all three above written in correlation with DW/FW and
EWT of needles; possibly also for chlorophyll a fluorescence in correlation with
carotenoid/chlorophyll ratio in needles.
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