
Editorial to the thematic issue: 
“Current and previous forestry research in Czechia and Slovakia” 

Dear readers, 

It is my great honour to introduce this thematic double issue devoted to selected scientific results achieved 
by Czech and Slovak, or Slovak and Czech (I intentionally present both alternatives to ensure the equal-
ity of our nations) scientists. It is no coincidence that we have come to the preparation and publication 
of this double issue. Czech and Slovak people know very well that many breaking events in the region 
occurred in the years ending with the number eight, but I am pointing this fact out to potential readers 
from other countries. As examples we can name: uprisings for national emancipation in the year 1848, 
the end of WWI in 1918, the for-our-nations-unfortunate Munich Pact in 1938, the change of the social 
system in 1948, the occupation of our country by the Warsaw Pact troops in 1968, or the beginning of 
the federal state in the same year. 

I intentionally did not mention the other two anniversaries, which we devote this thematic issue 
to. Specifically, 120th anniversary is related to the year 1898 (January 1st), when the Central Forestry 
Research Station was established in the town of Banská Štiavnica (Slovakia). At the same time, outside 
research stations at four mountainous nurseries of the Kingdom of Hungary were also established, out 
of which one was located in the current Slovak Republic, namely in Liptovský Hrádok.  Following the 
organisational rules of that time, the head of the central station was a professor of forest silviculture at 
the academy, and the heads of outside stations were directors of forestry schools. The first director of 
the central station was prof. Eugen Vlkolínsky-Vadas. It was the first forestry research institute in the 
territory of Slovakia, as well as one of the first institutes in Central Europe. The Central Forestry Research 
Station in Banská Štiavnica became a member of the International Forest Research Institute (IUFRO) 
already in the year 1903. An important historical fact is that in the year 1910 on VIth IUFRO Congress 
prof. Vadas was elected  as a IUFRO president. The next congress was supposed to take place in Banská 
Štiavnica in the year 1914, which however did not happen due to the start of the WWI.  At that time, the 
territory of the current Slovak Republic belonged to the Austrian-Hungarian Empire, which collapsed 
after the war.  We have to note that the National Forest Centre - Forest Research Institute Zvolen is 
proud to be a continuous follower of the forestry research in Slovakia. We would like to remind that the 
original outside research station in Liptovský Hrádok has also its followers in the Secondary Forestry 
School and the Semenoles enterprise (which manages 11 forest nurseries with an area of 200 ha). Both 
mentioned organisations are still based in the town. 

Another, a beautiful, 100th anniversary is related to the establishment of the first Czechoslovak 
Republic (October 28, 1918). The establishment of this republic brought at least three important positive 
changes for both nations: a democratic society, mutual coexistence of our nations, and partial national 
emancipation. In spite of the fact that in the first Czechoslovak Republic (CSR) not everything was ideal, 
it was a period of unprecedented economic and cultural development of Czechs and Slovaks. Since the 
historical circumstances of the establishment and existence of this republic are well known, I will not go 
into more details. Let me at least mention the fact that during the first CSR a great boom was observed 
also in forestry science and practice.  The forestry research institutes of that time started to actively coop-
erate (Czecho-Slovak cooperation) and participate in international programmes (e.g. within IUFRO). 
An important progress in forestry research in Slovakia was achieved for example in the field of forest 
nursery management and silviculture of the most important tree species for forestry, timber transport, 
introducing and acclimation of non-native tree species, etc. The forest research institutes provided exten-
sive consulting services in the whole CSR.

Here I would like to remind of one more event in the year 1928, which is less known to general or 
forestry public.  The establishment of the first CSR was remembered by a unique action related to forests 
and forestry sector. The decree of the Ministry of Agriculture of the Czechoslovak Republic – General 
Directorate of State Forests in Prague No. 17061-V / 17/1928 dated May 15, 1928 ordered all Direc-
torates of state forests and farms in CSR to establish jubilee groves to celebrate the 10th anniversary of 
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CSR. The directorates were to report on their establishment before June 1, 1928. There have been several 
hundreds of jubilee forest stands at the territory of the first CSR. The groves were supposed to have stone 
memorials with a permanent label the “Czechoslovak Republic 1919 – 1928”. Tree species were selected 
in different ways, at many places in such a way to differentiate the groves from the surrounding forests, 
which was often achieved using coniferous species (e.g. yew, Weymouth pine, Stone pine, blue spruce, 
thujas). For example, the grove on the Tartar Meadow under the Sitno hill (near Banská Štiavnica town) 
was planted in the shape of the Slovak coat of arms including its internal colour differentiation. This 
activity was unique because the next opportunity to establish new groves at the 20th anniversary was 
gone due to the political changes and subsequent breakup of Czechoslovakia in the year 1938, and was 
not repeated in subsequent phases of the existence of our common state. Stone memorials along with 
planted jubilee groves are forgotten in time and even local people have no idea about them.  

Czechs and Slovaks lived in a common state, with a short break during WWII, for almost 70 years. 
Although a quarter of a century has already passed since its dissolution, we cannot forget the “Czechoslo-
vak” history, particularly at such an important anniversary.   Apart from other areas, an above-standard 
cooperation can be currently seen also in forestry research. The “Central European Forestry Journal” 
is an example of a Slovak-Czech cooperation, since two organisations are its co-publishers: National 
Forest Centre - Forest Research Institute Zvolen (Slovakia) and Czech University of Life Sciences in 
Prague, Faculty of Forestry and Wood Sciences (Czech Republic). The journal has existed in such a 
common “mode” for five years, and the mutual cooperation has proved to work very well. The journal 
does not want to create space only for researchers from these two countries, but it is open to scientific 
results from the whole Europe.            

The present double issue comprises nine works, out of which four are review papers, and five are 
original scientific papers. In total, nearly fifty authors from seven different Czech and Slovak organisa-
tions contributed to the papers. They cover a wide area of forestry science. They map the results of forestry 
research achieved by previous generations (works by Zahradník et al. or Konôpka et al.) covering also 
different parts including forest silviculture (Štefančík et al.). The next paper (Jarský et al.) analyses the 
process of forest restitution before and after the division of Czechoslovakia, or the occurrence and char-
acteristics of forest stands on former non-forest land (Šebeň et al.). Then, the research results from the 
areas of long-term diameter increment (Sitková et al.) and mortality development of main tree species in 
both countries (Pajtík et al.) are shown. Finally, the research results focused on deposition of emissions 
and nitrogen concentration in forest complexes (Krupová et al.), and development of forest health state 
monitored by remote sensing (Barka et al.) are presented for both Slovakia and Czechia. I firmly believe 
that the selected topics are up-to-date, interesting, and will find their readers, and citation responses.               

Here I would like to point out that the present double issue represents already the fifth thematic issue 
of the journal. The first thematic issue was published in the year 2013 and focused on “Production and 
ecological research at the Vrchslatina research site” (Central part of Slovakia). In the year 2014, the 
thematic issue was devoted to “Drought – forest interactions”, while in 2015 the topic was “Distur-
bance and  post-disturbance processes in forest ecosystems”, and in 2016 it was “Forest entomology”. 
Last year (2017 No. 2/3) we published the thematic double issue dealing with two topics: „Properties 
of forest soils and soil-related ecosystems“ and “Carbon sequestration in forest biomass”. Next year we 
are planning to publish another thematic issue, which should focus on modern technologies in forestry 
research and practice.

At the end I would like to thank all those who help with the preparation of our journal, mainly authors, 
editors, reviewers, and the whole editorial board, for their hard work. I also thank the readers for their 
interest in our journal. I wish that the contemporary readers remained faithful to the journal and that 
the readership base geometrically expanded.   

I greet all of you with the classic foresters´ greeting: Salute to a forest!

Bohdan Konôpka
Editor-in-Chief  
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abstract
The Forestry and Game Management Research Institute (Czechia) was founded on 31st October 1921 with the estab-
lishment of the Forest Protection Department. In the era before and after the World War II, several more institutes 
were founded, and they underwent a number of reorganizations during the 1950s and finally took the form more or 
less corresponding with the current one. The institute went through further major changes in the early 1990s. In the 
1950s, the forestry research saw dynamic development, partially also caused by a significant increase in the number 
of experts and finalization of the original concept of the institutional structure which covered almost all fields of 
forestry. Research focused on topical issues of the forest management, covering forest protection, silviculture, forest 
ecology, biology ad breeding of forest trees, seed growing, forest economy, forestry mechanization, forest manage-
ment planning and game management. Results were provided to the forestry practice, and there also were numerous 
monographs and both scientific and expert articles which helped disseminate new findings. Many of these findings 
have been applied up to now and others built the basis for further research that has been followed on by the current 
generation of researchers.
Key words: tree biology and breeding; forest protection and silviculture; forest ecology; forest and game manage-
ment; forestry economy; forestry mechanization

Editor: Bohdan Konôpka

1. introduction
The Forestry and Game Management Research Institute 
was founded on 31st October 1921 with the establishment 
of the Forest Protection Department as a response to the 
necessity to deal with the outbreak of Lymantria monacha 
in Czechia. In the following twenty years, several more 
institutes were founded based on the concept designed by 
the ministerial executive Karel Šiman. The World War II 
brought the implementation of this concept to a halt, but 
shortly after the war ended, the initial efforts were carried 
out to a certain extent so that the forestry research could 
become comprehensive (Zahradník 2016). Up to this era, 
the number of staff working in individual institutes was 
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very low with the total of approximately forty workers 
including clerks and the staff at the state experimental 
stations. There were fewer than thirty researchers, typi-
cally from one to three of them for each field (Pfeffer 
1937). Many of them worked for universities simulta-
neously. In the 1950s, there were numerous reorganiza-
tions, changes of competencies, separations and merges. 
Since 1959, the institute has been operating in a form very 
similar to the current one, although changes after 1989 
led to certain restructuring as well as a significant reduc-
tion in the number of staff. Nevertheless, the main focus 
has remained on applied research which was directly or 
indirectly used in forestry practice. This article mentions 
key findings of the post-war research with specific impact 
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on forestry. Some disciplines which are no longer repre-
sented at the institute may be slightly disadvantaged in 
the historic overview, yet their results were taken into 
consideration as well.

2. Biology and breeding of forest trees
History of biology and forest trees breeding as a specific 
field dates back to 1923, but it only developed fully in 
the post-war period. In this period, research activities 
of the Biology and Breeding of Forest Trees Division 
(as well as those of other organizational units at the 
FGMRI and other fields of forestry as a specific scien-
tific discipline) evolved and were carried out in relation 
with the increasing needs of the national economy. In the 
forestry, this mainly applied to the increasing consump-
tion of wood. There were also new requirements on wood 
qualities: there was a demand for light and durable wood. 
Requirements of the wood-processing industry focused 
on high-quality material, and there was a higher demand 
for healthy wood mass suitable for chemical processing. 
In the 1950s and 1960s, the forestry looked for ways and 
methods of increasing and perfecting wood production. 
In this period, attention was paid to, among others, devel-
opment of methods to increase production possibilities 
of the forest soil via melioration interventions and other 
appropriate forms. The gradual development and use of 
forest trees breeding can be named among these forms 
and methods (Vincent 1962). The subdiscipline of forest 
trees breeding thus began to develop and become increas-
ingly useful, and so it was given corresponding attention. 
The division (at that time known as the Department of 
Biology and Breeding of Forest Trees) had a very impor-
tant role at the FGMRI at that time, similarly to those of 
forest protection, silviculture etc.

The contents and activities of the Division of Biology 
and Breeding of Forest Trees were defined and developed 
in accordance with the progress of this discipline in for-
eign countries which were highly developed in terms of 
forestry at that time, such as Germany and Scandinavian 
countries. Breeding initiatives and concepts which had 
been verified and implemented in Scandinavian countries 
were promoted in Czechoslovakia by doc. dr. ing. Gus-
tav Vincent, DrSc., whose scientific work and outcomes 
were followed on by the Division of Biology and Breed-
ing of Forest Trees in the late 1960s, mainly by Ing. Jiří 
Šindelář, CSc., who initiated and realized founding tens 
of research provenance areas intended for long-term 
verification of forest tree species in this time period 
and the following ones. Ing. Šindelář focused especially 
on provenance research of the European larch (Larix 
decidua), Scots pine (Pinus sylvestris), European beech 
(Fagus sylvatica) and other deciduous trees, for exam-
ple alder and bitch (Šindelář 1964, 1974; Šindelář et al. 
2008a, 2008b etc.). Along with him, there were also other 
members of the division who worked on the provenance 

research, for example Ing. Bohuslav Vinš, CSc. – Norway 
spruce (Picea abies), European silver fir (Abies alba) (e.g. 
Korpeľ & Vinš 1965; Vinš 1966; Vinš & Vančura 1977), 
Ing. Karel Kaňák, CSc. – especially the provenance 
research of species of the Pinus genus (e.g. Kaňák 1971, 
1993), Ing. Antonín Šika, CSc. – various coniferous spe-
cies of introduced trees (e.g. Šika 1985; Šika & Heger 
1971; Šika & Vinš 1971). The provenance research on 
the national and international level thus became the first 
and for a long time also the main research activity, and 
later it was followed by other activities such as research 
and development of vegetative methods of propagation of 
forest tree species, hybridization experiments, research 
and verification of biotechnological methods of forest 
tree species breeding, including the field of forest tree 
species introduction. One of the promoters and solvers 
of research projects in this area was Ing. Zdeněk Zavadil, 
CSc., who focused on research of vegetative propaga-
tion of forest tree species as the main method used for 
foundation of seed orchards of forest tree species (e.g. 
Zavadil 1979). Another expert working closely with the 
Division of Biology and Breeding of Forest Trees was also 
RNDr. Vladimír Špalek, co-founder of the Forestry and 
Game Management Research Institute’s research station 
in Kunovice, who focused on fast-growing deciduous tree 
species from the 1950s to early 1970s (e.g. Vincent & 
Špalek 1954). In the Baně-Cukrák location at the former 
Experimental Forest Objects Administration of the 
FGMRI, he established a complex of long-term verifica-
tion areas with species of the Populus genus. Hybridiza-
tion experiments carried out mainly with the Larix genus 
were made by Ing. Jiří Šindelář, CSc., who picked up the 
threads of the scientific work done by doc. G. Vincent 
(e.g. Šindelář 1987; Šindelář & Frýdl 1993). 

From the late 1950s, the Division of Biology and 
Breeding of Forest Trees also had the Sofronka Arbo-
retum, which was founded by Ing. Karel Kaňák, CSc., 
a specialist on the Pinus genus breeding, who used this 
FGMRI remote site for a unique and vast collection of the 
world assortment of species of the Pinus genus. For a long 
time, the was the country’s leading workplace specialized 
in development of biotechnological methods of forest 
tree species propagation, in particular in vitro methods, 
suitable for rapid and efficient reproduction of forest 
tree species and later also for less frequent and hard-to-
be reproduced plant species. This was mainly thanks to 
prof. Ing. Vladimír Chalupa, DrSc. (e.g. Chalupa 1991), 
whose work was later continued by RNDr. Jana Malá, 
CSc and her team. Among the outcomes of their work 
was, for example, creating methodologies for in vitro 
reproduction of more than thirty species of forest tree 
species and plant species (e.g. Malá et al. 2002, 2005, 
2008; Cvrčková et al. 2016). The Division of Biology and 
Breeding of Forest Trees gave a long-term attention to 
verification of introduced tree species for the use in Czech 
forest management. Ing. Antonín Šika, CSc. contributed 
to this field on the long-term level and achieved signifi-
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cant results. One of the modern research areas developed 
at the division was dendrochronology which included 
applications of tree-ring analyses and dendrochronologi-
cal dating methods for production-ecological research of 
forest ecosystems. At the division, this specialization was 
pursued by Ing. Bohuslav Vinš, CSc., who was the first 
to define the term “dendroecology” as a specific branch 
of classic dendrochronology and dendroclimatology in 
1967. Research in the area of production ecology of for-
ests was done on the long-term basis by Ing. Jan Pařez, 
CSc. (e.g. Pařez 1989) who worked for the FGMRI until 
1994. He is currently an external expert at the Institute 
of Forest Ecosystem Research (IFER). The topic of using 
computer technology and statistical methods in forestry 
research was covered at the division by Ing. et Ing. Boh-
dan Páv from 1960s to 1990s (e.g. Páv et al. 1990). 

In the years 1976 – 1986, the division was also joined 
by prof. Ing. Zdeněk Poleno, DrSc., a leading Czech 
expert on forest tending, breeding and production (e.g. 
Poleno 1986). In the 1970s, the division also aimed 
its attention to research activities connected with the 
research and protection of the environment. This area 
was mainly covered by Ing. Věroslav Samek, CSc. (e.g. 
Samek 1967). In the 1950s and 1960s, another expert 
active in the division was Dr. Ing. Jaroslav Řehák, CSc., 
who solved the research task “Research of forest geobio-
cenosis” concentrating on forest reservations in Mionší, 
Boubín virgin forest and Žákova hora.

Gradually, the staff of the Division of Biology and 
Breeding of Forest Trees founded more than 300 long-
term research areas where progenies of provenances of 
both principal and accessory domestic tree species as 
well as introduced ones are verified. On many research 
areas, there are also verifications of progeny coming from 
hybridization experiments which were mainly carried out 
with the Larix genus. Among the research areas founded 
by the division staff, there are also numerous demonstra-
tion objects where variants bred with the use of biotech-
nological in vitro propagation methods are planted and 
observed.

The work started by the above-mentioned researchers 
was later continued by, among others, Ing. Karel Vančura, 
CSc., Ing. Jaroslav Jačka and RNDr. Václav Buriánek 
who followed on research activities of Ing. Bohuslav 
Vinš, CSc., while RNDr. Jana Malá, CSc., continued 
with research of biotechnological propagation meth-
ods based on the work by prof. Ing. Vladimír Chalupa, 
DrSc. Researchres doc. Further, Ing. Vladimír Hynek, 
CSc. and Ing. Josef Frýdl, CSc., continued with research 
activities of Ing. Jiří Šindelář, CSc.; and Ing. František 
Beran continued with research of introduced tree spe-
cies after Ing. Antonín Šika, CSc. Research activities 
of Ing. Zdeněk Zavadil, CSc., focusing on vegetative 
methods of forest tree species cutting and grafting were 
followed by Ing. Pavel Radosta, CSc. Management of Sof-
ronka Arboretum was taken by Ing. Jan Kaňák, Ph.D., 
after Ing. Karel Kaňák, CSc., and he currently continues 
with research and other activities at this site.

As part of measures for saving, preservation and 
reproduction of genetic resources of forest tree species, 
the division conducts research focused on application of 
molecular-genetic analyses in forestry. The results were 
mainly used for clone identification in seed orchards. 
There was also genetic screening of partial populations of 
ten species of forest trees. At first, the isoenzyme analysis 
was used (Ing. Ondřej Ivanek, CSc.), and later, attention 
turned to DNA analyses (Ing. Pavlína Máchová, Ph.D., 
Ing. Helena Cvrčková, Ph.D.). 

The division is actively involved in preparations 
of concept papers for the EUFORGEN programme 
(Ing. Josef Frýdl, CSc., RNDr. Václav Buriánek) and 
it also took part in preparations and implementation of 
the National Programme of Conservation and Reproduc-
tion of Forest Tree Species Gene Pool (RNDr. Jana Malá, 
CSc., Ing. Petr Novotný, Ph.D., Ing. Josef Frýdl, CSc.) 
as well as establishment and operation of the National 
bank of Forest Tree Explants (RNDr. Jana Malá, CSc., 
Ing. Pavlína Máchová, Ph.D., Ing. Helena Cvrčková, 
Ph.D.) The outcome of current research activities is also 
the update of rules for transfer of reproduction material 
for the Douglas fir (Pseudotsuga menziesii) and grand 
fir (Abies grandis) from the USA to Canada (Beran et 
al. 2016a, b).

 
3. Forest protection
The Forest Protection Institute was founded in 1921 
as the first institute of the current research institution. 
Its head was prof. Julius Komárek. In the post-war era, 
forest protection on the entomological field was studied 
by prof. Ing. Dr. Augustin Kalandra, DrSc., who was the 
head of the institute, and later mainly by the following 
generation represented by doc. Ing. Vladislav Martinek, 
CSc. (who was the head of the Forest Protection 
Division for a long time), Ing. Vladimír Novák, CSc., 
Ing. Richard Hochmut, CSc., Ing. Jiří Kudler CSc., 
Ing. Sergej Kolubajiv, CSc., Ing. Miroslav Šrot, CSc., 
as well as Ing. Milan Švestka, DrSc., as a representative 
of the younger generation and a number of other young 
colleagues.

In the 1950s, the role of sister broods of the spruce 
bark beetle (Ips typographus) (L.) was clarified (Martinek 
1956a, 1957) as well as its infestation density and natal-
ity (Martinek 1956b, 1961). It was proved for the foun-
dation of sister generation that the female can continue 
laying eggs up to three times with 91%establishing the 
first sister generation and 38% establishing the second 
one. This had a significant practical impact on the form 
of trap trees, in particular in terms of their felling. The 
scientific contribution of this research still continues to 
be evaluated very well.

Another important contribution was clarification 
of the conifer ambrosia beetle (Xyloterus lineatus (Ol.) 
bionomics. A crucial finding was defining the limitary 
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wood moistness for infestation of wood (especially after 
windbreaks) with this pest (Novák 1960).

In the 1960s, a lot of attention was given to research 
of the pine weevil (Hylobius abietis) (Novák 1965), 
including chemosterilants (Novák 1971). A significant 
action was the introduction of aggregation and sexual 
pheromones to forest protection, whether those against 
spruce bark beetle (Ips typographus) (L.) or those against 
the nun moth (Lymantria monacha), the larch tortrix 
(Zeiraphera griseana) and other butterfly pests. Their 
research was not only done, but in fact also commenced 
by Czechoslovak researchers from this department as 
well as other local organizations, such as the Entomo-
logical Institute of the Academy of Sciences. After the 
discovery of the chemical composition of the spruce bark 
beetle pheromone, Ing. V. Novák, CSc. and his colleagues 
participated in the development of the new type of phe-
romone dispensers and pheromone traps. Similarly, in 
case of butterfly pests, it was primarily Ing. R. Hochmut, 
CSc. and his team who worked in the development of phe-
romones for monitoring main butterfly pests – the nun 
moth (Lymantria monacha), larch tortrix (Zeiraphera 
griseana), green oak tortrix (Tortrix viridana), winter 
moth (Operophtera brumata) and pine shoot moth (Rhy-
acionia buoliana). Many of these dispensers, traps and 
methods are still used nowadays (Zahradník et al. 1993).

There have always been achievements in implemen-
tation of biological methods of forest protection which 
were commenced by Ing. Jiří Kudler, CSc. He developed 
a formula against the European pine sawfly (Neodiprion 
sertifer) on the basis of the Birdia diprionis polyhedral 
virus – from the production process to application (Kud-
ler 1988). Also his work on beneficial insect, predators 
and parasitoids of forest pests is to be reminded (Kolu-
bajiv 1954). Regarding fungal pathogens, it is necessary 
to remind leading figures of the post-war era – Ing. Vlas-
tislav Jančařík, CSc., Ing. Branislav Uroševič, CSc. and 
Ing. Hana Červinková (Jirmanová), CSc., and their suc-
cessors, especially RNDr. František Soukup, CSc. 

A great contribution for forestry can be seen in the 
explanation of the pined needle-cast fungus (Lophode-
rmium seditiosum) bionomics and subsequent defining 
protective measures against it. This was mainly done by 
Ing. Vlastislav Jančařík, CSc., who explained its bionom-
ics in local conditions and defined measures for control 
and direct protection based on repeated preventive fun-
gicide spraying (Jančařík 1977). In the 1980s, he inten-
sively studied large-scale oak dieback connected with 
tracheomycosis syndromes and suggested methodology 
of damage monitoring and possible remedies as well as 
precautions (Jančařík 1990) where he successfully 
continued with work started by his Slovak colleagues, 
especially Ing. Roman Leontovyč senior, CSc., who 
had already collected extensive experience with similar 
issues in Slovakia. Attention was also paid to biological 
methods of protection from fungal diseases, especially 
fungal antagonists of pathogenic wood-destroying fungi 
(Voroncov & Červinková 1986).

Other activities worth reminding are those related to 
protection of forest growth against rodents (Ing. Václav 
Tichý, CSc.) and weed (Ing. Olga Válková, CSc.). Válk-
ová summarized long-term results of her research and 
findings from its application in a publication which was 
rather unique at that time (Válková 1989).

Last but not least, it is necessary to mention the 
contribution of the institute staff to development and 
implementation of control and protection methods 
against main pest incest species (cephalcia, sawfly, pine 
weevil, rust, needle-cast fungus etc.). To a certain extent, 
all employees of the institute participated in solutions of 
these issues (e.g. Kalandra 1952; Kolubajiv 1952; Kud-
ler 1954; Záruba 1956; Švestka et al. 1998; Zahradník 
2014 and others). Based on the research findings, many 
departmental as well as Czech state (technical) standards 
were adopted (Knížek 2005; Liška 2005a, b; Zahradník 
2005). Another activity of a great importance was the his-
torical overview of forest pest insect in Czechia (Liška 
et al. 1991).

4. Forest ecology
The Forest Ecology Division had its roots at the Institute 
of Forestry Biology and Pedology established in 1922 and 
run by Ing. Dr. Antonín Němec. In the following years, the 
Institute underwent numerous changes which resulted 
in the foundation of the Forest Environment Division in 
1965, at first run by Ing. Věroslav Samek, CSc. and subse-
quently by Ing. Jan Materna, CSc. At the end of 1980s, the 
division split into two units: the Monitoring Division run 
by Ing. Jan Materna, CSc. and the Forest Environment 
Division run by Ing. Václav Lochman, CSc. In 1992, its 
name was changed to the Forest Ecology Division and 
the subsequent directors were Ing. Hana Uhlířová, CSc. 
and doc. RNDr. Bohumír Lomský, CSc. Since 1997, 
doc. Ing. Vít Šrámek, Ph.D. has been the head of the divi-
sion. Long-term research in forest ecology is focused on 
evaluation of the forest health and the impact of abiotic 
and anthropogenic factors, forestry hydrology, bioclima-
tology and hydropedology, the condition of forest soil and 
nutrient cycle in relation to the current deposition load 
and forestry management procedures, research of bio-
logical and chemical methods of forest soil revitalization, 
evaluation of nutrition and water balance of the forest 
growth and research of processes in forest ecosystem in 
the context of the climate change.

Since the very beginning, the division focused on 
research of air pollution damage of forest ecosystems 
and revitalization of pollution affected areas. Although 
air pollution damage of forests was recognized as early 
as at the beginning of the 20th century (Stoklasa 1923), 
it was only in the 1970s and 1980s when it reached the 
extent which meant one of the most serious disasters in 
the forestry history. Air pollution damage led to defor-
estation of crest areas in predominant parts of the Ore 

146

P. Zahradník et al. / Cent. Eur. For. J. 64 (2018) 143–156



Mountains (Krušné hory) and Jizera Mountains (Jizerské 
hory). Clearcuts induced by air pollution and consider-
able decrease of health conditions were also recorded 
in other locations – the Krkonoše Mountains, Orlické 
Mountains, Hrubý Jeseník and Moravian-Silesian 
Beskids. The overall area of clearcuts induced by air pol-
lution exceeded 100 thousand ha. The issue of air pol-
lution damage was covered by a significant part of the 
research capacity both at the Forestry and Game Manage-
ment Research Institute (Němec 1958; Kučera & Jirgle 
1974; Materna 1988) and forestry faculties. One of the 
leading figures was Ing. Jan Materna, CSc. and his team 
including Ing. Rudolf Kohout, CSc., Ing. Lída Ryšková, 
Ing. Jiří Jirgle, CSc., Ing. Jiří Kučera, Ing. Jindřich Tichý, 
CSc., Ing. Eliška Semorádová and others, who mainly 
focused on the mechanism of SO2 impact on tree species, 
evaluation and prediction of forest growth health and 
damage of soil environment in polluted areas (Kohout 
1982; Jirgle et al. 1983; Materna 1984; Lomský et al 
2002). As a result of these research projects, a classifi-
cation of damage degrees and zones endangered by air 
pollution was introduced for forest areas and it has been 
used up to the present time (Materna 1973; Kučera & Jir-
gle 1974). The increasing trend of defoliation in the early 
1990s and its subsequent decrease led to the new defini-
tion of forest zones endangered by the influence of air 
pollution and the emergence of the Decree of the Ministry 
of Agriculture of the Czech Republic No 78/1996 Coll. 
on designation of forest zones endangered by the influ-
ence of emissions. The new designation was also based 
on results of the Forest Condition Monitoring as part of 
the ICP Forests programme, level I, which was initiated 
in 1987. In 1996, a network of intensive monitoring was 
established as part of the ICP Forests programme which 
also included, in partnership with the Czech Hydrom-
eteorological Institute, the establishment of a network 
of stations measuring concentration of sulphur dioxide 
and hydrogen fluoride in the air (Šrámek 1998). Results 
of this monitoring in the years 1984-2003 were also sum-
marized (Fabiánek 2004).

Prediction of progressing damage related to the air 
pollution load was one of the key sources for the Plan 
of Forest Regeneration in Polluted Areas (Kubelka et al. 
1993). After the decrease of the air pollution level in the 
1990s, research activities focused mainly on revitaliza-
tion of the areas in question. They significantly contrib-
uted to explanation of the causes of damage on spruce 
stands in 1996 and birch stands in 1997 (Lomský & 
Šrámek 2004). A large team of authors worked on up-
to-date instructions for forestry methods in the most 
heavily damaged part of the Ore Mountains (Slodičák 
et al. 2008; Šrámek et al. 2008) which was subsequently 
updated as part of the Ore Mountains Revitalization Plan 
as adopted by the Government of the Czech Republic in 
November 2016. 
A specific activity for revitalization of areas affected by air 
pollution is liming of forest soil. It has been done inten-

sively since 1970s (Kubelka 1988). Based on extensive 
research of soil properties, forest stands nutrition and 
forest health, clearly defined procedures for selection of 
the given area, control of liming application and long-
term monitoring of its efficacy (Šrámek et al. 2014) 
were elaborated at the turn of the century and they are 
still adhered to. 

As early as in 1950s, hydrological measurements in 
small forest catchments were introduced. The Moravian-
Silesian Beskids, as an area with high precipitation and 
nearby industrial centres, were always seen as an impor-
tant source of potable water. On the other hand, local 
streams have always had unstable water regimes, and 
steep hillsides with flysch substratum suffered from con-
siderable erosion due to concentrated overland flow. In 
1954, a nationally important water-supply region was 
declared in the Beskids. It had the area of 909 km2 and 
more than 60% were covered with forests. In 1978, the 
Beskids were declared a water supply preserve. In the 
1960s, two impounding reservoirs – Šance and Morávka 
– were built as well as other multipurpose reservoirs.

The Hydrology Division in Beskids was founded in 
1951 in Hnojník under the Peat Research Institute, but as 
early as 1952, it became a part of the Forestry and Game 
Management Research Institute. After two years, in 
1954, it became a part of the Melioration Research Insti-
tute. Since 1980, the division has been a permanent part 
of the Forestry and Game Management Research Insti-
tute (Chlebek & Jařabáč 1995). Significant researchers 
contributing to hydrology of the Beskids catchment areas 
were, primarily, Ing. Václav Zelený, CSc., Ing. Milan 
Jařabáč, CSc. and Ing. Alois Chlebek. 

After initial researches of precipitation intensity in 
45 stations in the Beskids, measurements in the for-
est catchments of Červík and Malá Ráztoka were com-
menced in 1953. From the beginning, the research here 
was focused on the impact of renewal and transformation 
of forest stands, precipitation and run-off regime, forest 
soil erosion and durability and quality of forest resources. 
Until 1965, the catchments underwent the “calibration“ 
period when interventions in forest stands were basically 
stopped. On the Červík basement, there was only one case 
of felling as a consequence of a gale disaster (on the area 
of approx. 4 000 m3). From 1966, an accelerated regen-
eration of stands through strip felling was introduced, 
and it was planned for the following 20 years. The time 
schedule, however, was not followed for several reasons, 
such as the air pollution disaster in the late 1970s which 
required more pressing issues to be solved. In spite of 
this, forest stands were regenerated in Malá Ráztoka on 
approximately 70% of the area, and in 95% of the Červík 
subcatchment area respectively. Surprisingly, measure-
ments in these catchments found no significant changes 
in precipitation and run-off relations, although Malá Ráz-
toka saw a slight increase in water content during the 
1980s (Jařabáč & Chlebek 1989). In the late 1980s, it 
was proved that building of the road network and the use 
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of inappropriate logging and hauling machinery led to 
increased erosion (Jařabáč & Chlebek 1987). Neverthe-
less, on the whole, interventions resulted in no negative 
changes. Despite these results, data from experimental 
catchment areas were never used as a support for large-
scale logging. On the contrary, research reports, espe-
cially after 1990, point out the need of sensitive manage-
ment in forest ecosystems. The results from the Beskids 
catchment areas have continued to be in practical use 
– among others, in evaluations of the hydric function of 
forests on clear-felled areas and in stands with a tree layer 
decline (Šach et al. 2018). 

Besides hydrological parameters, also quality of 
water running off from forest ecosystems has been moni-
tored since the mid 1970s. This topic was covered mainly 
by the team led by Ing. Václav Lochman that monitored 
not only catchments in the Beskids, but also those of the 
Pekelský brook in the area of the Švihov reservoir on the 
Želivka river, in the Moldava location in the Ore Moun-
tains and in microcatchments in other locations in the 
Czech Republic. In individual monitored locations, the 
attention was given to evaluation of depositions to for-
est ecosystems (chemistry of precipitation in open areas 
and under the plant stand), chemistry of soil water and 
chemical composition of water in small forest streams 
as well as changes in chemical parameters in forest soil. 
The results showed that despite air pollution being enor-
mous in some locations – such as Moldava in the Ore 
Mountains (Lochman et al. 2008a) – forest ecosystems 
had considerable buffering capacity and water in moni-
tored streams complied with most chemical parameters 
for potable water, i.e. there was not a huge increase in the 
amount of sulphates, nitrates or heavy metals (Vícha & 
Lochman 2012). After an immense reduction of air pol-
lution in the 1990s, the increase in pH was observed, but 
there was also a higher run-off of sulphates from forest 
catchments (Vícha et al. 2013). Imissions and acid depo-
sitions had a considerably negative effect on the condition 
of forest soils where significant decrease in contents of 
alkali cations was observed (Lochman et al. 2008b).

5. Silviculture
The Silviculture Institute was founded in 1923 in Brno. 
The research station in Opočno where it concentrated its 
activity was first established as a sector research insti-
tute of the Czechoslovak State Forests in 1951 and run 
by Ing. Jiří Mottl, CSc. Subsequently, the department was 
led by doc. Ing. Vladimír Peřina, CSc. for a long time, and 
later on by doc. Ing. Antonín Jurásek, CSc. The post-war 
development in silviculture research is mainly connected 
with the names of researchers including Hugo Konias, 
doc. Ing. Vladimír Peřina, CSc., Ing. Luděk Chroust, 
CSc., Ing. Vratislav Dušek, CSc., Ing. Theodor Lokvenc, 
CSc. and Ing. Vladimír Zakopal, CSc., while the younger 
generation is represented by doc. Ing. Antonín Jurásek, 

CSc., doc. Ing. Marian Slodičák, CSc., Ing. František 
Šach, CSc., Ing. Vratislav Balcar, CSc. and many other 
colleagues. It should also be noted that many future 
professors at forestry faculties started their career at 
this institute – to name at least a few, this applies to 
prof. Ing. Vladimír Tesař, CSc., prof. Ing. Petr Kantor, 
CSc. a prof. Ing. Vilém Podrázský, CSc.

One of the main contributions in this area was the 
research and implementation of ecology principles of 
tending felling. In the traditional European forestry, 
the stand tending was always connected with targeted 
selection in which a less suitable stand component was 
intentionally removed in favour of the desirable compo-
nent. This ensured sufficient production of wood and 
maximized the quality of the target production.

Long-term experiments with tending of spruce, pine 
and oak stands which were carried out from 1960s to 
1980s at the FGMRI research station in Opočno resulted 
in defining another aspect of tending felling: their impact 
on the stand conditions, mainly on the stand’s water bal-
ance, radiation regime and other climatic elements influ-
encing growth of trees after an intervention.
It was discovered that after tending interventions, the 
interception decreases and more precipitation reaches 
the forest soil. Precipitation in combination with a higher 
temperature support decomposition processes in the for-
est soil and thus improve the nutrition cycle in the eco-
system.

Findings about ecological effects of tending felling 
currently help form the foundation of suggested cultiva-
tion methods in forests affected by anthropogenic activity 
as well as locations endangered with drought.

Forestry in areas affected by air pollution, for example 
in the Ore Mountains, was also problematic. In 2005, 
the Grant Service of the Lesy ČR (“Forests of the Czech 
Republic”) state enterprise commissioned the project 
“Forest Management in the Ore Mountains” with the 
objective to get a comprehensive evaluation of the condi-
tion and development of stands of substitute tree species 
in air pollution affected areas of the Ore Mountains based 
on all existing research results and forestry experience in 
this region, including elaboration of comprehensive and 
variant recommendations of measures to be taken here.

The project included all aspects relevant for defin-
ing forestry measures ranging from evaluation of the 
condition of the environment, forest soils, substitute 
tree species stands including their lifetime period and 
evaluation of the game influence on the forest, up to 
recommendations of potential and realistic measures 
leading to improved soil quality and stands’ nutrition, 
decreased pressure on the forest caused by the game, 
transformation of substitute tree species stands, culti-
vation and renewal of stands, recommendations of the 
use of planting stock, chemical and biological meliora-
tion etc. Forestry methods were also assessed in terms of 
their economic aspects, including their cost-efficiency. 
Based on the assignment, nine realization outputs were 
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suggested for individual areas of forestry activities as well 
as the concluding synthesis of findings with respect to 
long-term safeguarding of all forest functions, including 
the production function (Slodičák et al. 2008).

The research helped to collect data on the current 
condition and development of forest soils and their dam-
age, and it identified the health of substitute tree species 
stands differentiated by specific locations and stand struc-
tures. It also gathered data on the impact of game on for-
est ecosystems including the economic evaluations and 
suggestions for minimizing damage. There was a variant 
suggestion of cultivation methods including parameters 
of the planting stock, forest regeneration, adjustment of 
rotation, adjustment of the species structure, improve-
ment principles and methods of transforming substitute 
tree species stands. At the same time, cost-efficiency of 
individual versions of cultivation methods was assessed. 
Similarly, suggested forestry principles were also elabo-
rated for the Jizerské Mountains area (Slodičák & Novák 
2009).

Another important output provided by this division 
was defining stabilization measures for forest stands with 
a spruce dominance. Based on the results of long-term 
experiments in 1980s and evaluations carried out after 
2000, methodology for spruce stands or forest stands 
with a spruce dominance was suggested in respect to 
increased occurrence of extreme climatic conditions 
and disturbed soil environment. In accordance with the 
research results, it is recommended to start tending in 
spruce stands with the initial density of 3 – 4 thousand 
seedlings per 1 ha no later than with the upper height of 
5 metres (i.e. before the age of 20 years) with selective 
treatment from below, after which there should be left 
approximately 1 300 – 1 500 individual plants of the best 
quality in regular spacing. During this intervention, also 
the necessary sorting of the stand should be carried out. 
With all such interventions, admixture of deciduous trees 
is supported, especially a beech. Additional tending inter-
ventions with the upper height of 10, 20 and 25 metres 
are milder with a decreasing intensity of intervention and 
prolonged cultivation period. From the second tending 
intervention on, it is possible to combine the negative 
selection below with the positive selection above while 
selecting and marking 300 – 400 high-quality target 
trees, typically dominant and co-dominant ones, in regu-
lar spacing to be freed from competing trees. It is advis-
able to do the pruning to the height of 4 – 5 m focusing 
on dry branches. In spruce stands cultivated according to 
this model, there is sufficient space for the development 
of crowns and root systems at the young age as well as 
for development of a trunk resistant to a possible break 
caused by snow (which is the main harmful phenomenon 
in these stands in the first half of the rotation period). The 
lower tending intensity in the second half of the rotation 
period aims to maintain the closed canopy and combine 
internal and external stabilization of the stand as a pro-
tection against wind damage.

The recommended procedure also respects require-
ments on wood production. Possible production losses 
after the first, very intense, intervention are quickly 
compensated by increased increment of the preserved 
trees, and the production quality is ensured both by the 
selection of target trees and their pruning, and also by 
development in closed canopy in the second half of the 
rotation period. 

An important issue addressed in the past was the 
systemic solution of the quality of forest tree species 
planting stock. The quality of forest tree species plant-
ing stock is significant for successful forest regeneration, 
and so the FGMRI’s applied silvicultural research paid 
extraordinary attention to it. An important impulse for 
the new concept of the planting stock quality came with 
the year 1989, when production of the planting stock 
became a business activity and the research results had 
to be processed for the forestry practice in the form of 
technical standards and groundwork for legislation. In 
1998, the FGMRI in partnership with the Mendel Uni-
versity in Brno published the Czech Technical Standard 
No. 482115 (“Forest Tree Planting Stock”) and the most 
important quality parameters as stated by the research 
were used for the legislative updates (the Implement-
ing Decree to the Act no. 149/2003 Coll.). Research of 
the planting stock quality continued to bring additional 
important findings even after the above mentioned stand-
ard, and so it was completely revised in 2012 (Jurásek et 
al. 2012).

On the long-term level, the FGMRI also focused on 
optimizing methods of container planting of forest tree 
species. This mainly applies to using suitable types of 
containers which prevent root deformation. This applied 
research resulted in introduction of verified methodology 
“Use of Forest Nursery Planting Stock from Biologically 
Verified Containers for Reforestation” (Jurásek & Nárov-
cová 2012). Its practical output is the “Catalogue of Bio-
logically Tested Containers of Planting Stock for Forest 
Tree Species Growing” which gets continuously updated 
and is available for expert on the FGMRI website. This 
material is extensively used in the forestry practice and 
its authors were given the Award of the Minister of Agri-
culture for the Best Realized Research and Experimental 
Development Result in 2014. The aggregate information 
of nursery practice was published Dušek (1997).

The silvicultural research also focused on observation 
of the species structure and its impact on run-off con-
ditions in forest stand. It was studied in cases of young 
stands of the Serbian spruce (Picea omorika) and Euro-
pean white birch (Betula pendula) on the foothills of the 
Krkonoše Mountains (Šach et al. 1994), young stands of 
the Norway spruce (Picea abies), young mixed coniferous 
stands (spruce 50, larch 35, pine 15, birch, beech) and 
adult spruce stands on the foothills of the Orlické Moun-
tains (Šach & Černohous 2010). In the Orlické Moun-
tains, the run-off was observed with both adult and young 
spruce stands and both adult and young beech stands 
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(Kantor 1994). It was measured as vertical lysimetric 
run-off, and on slopes, there were also measurements 
of surface and lateral run-off through soil profiles (units 
of % only). The run-off was double in forest stands in 
theextra-vegetative period (73%) as compared to vegeta-
tive period (37% of precipitation in open areas). A double 
amount of run-off (70% of precipitation) was also gener-
ated due to higher precipitation and lower temperatures 
and thus also lower interception and evapotranspiration 
(IET) from the 6th forest vegetation zone, while the 5th 
forest vegetation zone with its lower precipitation and 
higher temperatures and thus also higher IET had lower 
run-off (35% of precipitation).

Within one forest vegetation zone, the run-off in 
a hydrological year was higher from deciduous stands in 
comparison with the coniferous ones. Coniferous, espe-
cially spruce stands can suffer from droughts in lower 
forest vegetation zones (no. 5 and lower). However, run-
off from coniferous stands was steadier over time. This 
means that more frequent and higher flood run-offs with 
higher culminations will probably be handled in a bet-
ter way by coniferous stands than the deciduous ones. 
Hydric qualities on the level of fully stocked forest stands 
get stabilized during the 2nd (for lower forest vegetation 
zones) or the 3rd (for higher vegetation zones) age class.

The level of run-off depends not only on the tree spe-
cies, but also on the growth stage of the stand and the 
forest vegetation zone. Practical results were reflected 
in the Guidelines on Management of Forests with Water 
Management Functions (Šach et al. 2007) and Method 
Procedure Using Optimization of Water Regime through 
Arrangement of Mixed Culture in Landscape (Švihla et 
al. 2014).

6. Forest management and planning
The Forestry and Game Management Research Institute 
never had a specialized department of forest management 
planning and this area was addressed in various institutes 
and organizational units. Since the late 1960s, Czecho-
slovak research work started to focus on growth charts. 
The research was scheduled for a longer time period with 
the objective to collect a sufficiently large set of data from 
research areas situated in Czechoslovakia and with the 
objective to collect data from repeated measurements so 
that the real growth of individual tree species over time 
could be monitored. The main researchers were the two 
research institutes in Strnady and Zvolen, but basically 
all forestry organizations and both forestry faculties were 
involved. 

At that time, German growth charts by various authors 
were still in use, although they did not always fully meet 
the domestic needs. The partnership with the two Forest 
Management Institutes in Brandýs nad Labem and Zvo-
len was of a great importance as they were able to establish 
hundreds of research areas in stands of main tree species 

in all age classes, and as a result, a sufficiently large data-
base considering the growth and development of the main 
local tree species could be made. Both the methodological 
and practical work with growth charts was managed by 
the Commission for Czechoslovak Growth Charts where 
all participating organizations were represented. The 
commission’s staff changed over time. The first edition 
of growth charts was published in 1979 under the editorial 
team of prof. Ing. Ján Halaj, DrSc. and Dr. Ing. Jaroslav 
Řehák, CSc. Gradually, three editions were published with 
different methodologies applied. I was impossible to reach 
a unified application for both parts of Czechoslovakia. The 
reason was that there were different growth conditions 
in the Hercynian and Carpathian region and neither of 
the parties was satisfied with the accuracy. The FGMRI 
Zbraslav-Strnady was represented by prof. Ing. Zdeněk 
Poleno, DrSc., prof. Ing. Ivo Kupka, CSc., Ing. Jan Pařez, 
CSc. and Ing. Martin Černý, CSc. 

This commission had to deal with numerous method-
ological issues as extensive data sets from different loca-
tions with different conditions, such as different levels 
of relative density of fully stocked stands, the question 
of dominant and subsidiary stands in various stages of 
tending with a lack of precise data on tending interven-
tions carried out (Pařez 1987a, b). 

7. Forestry economy
The Forest Economy Institute was founded by prof. 
Dr. Ing. Rudolf Haša in 1923. In the post-war era, it dealt 
with issues such as the lack of forest workers, improve-
ment of forest work processes, improvement of forestry 
equipment, creation of performance standards, research 
of social and health conditions of forest workers and 
issues of work hygiene and safety in forestry.

In the 1950s, activities were focused on solving prob-
lems connected with mechanization development and 
optimization of work processes and management. The 
emphasis was put on technical and economic analyses 
of methods for logging with the use of a one-man power 
saw, skidding, planting standards, forestation in various 
natural conditions and the application of punched card 
computer technology in state-owned forests administra-
tion.

The economic research in 1960s addressed economic 
standardization and typization of main production activi-
ties enabling their easier management (developing labo-
riousness indicators of individual production activities 
and their management on the level of internal organiza-
tional units, the use of operational research methods in 
economic transport analyses and placement of central 
manipulation storehouses, elaborating methodology for 
raw timber pricing, optimization of work technology with 
a one-man power saw in terms of hygiene, organizational 
rules for team work etc.). An important figure in the area 
of forest economy at that time was Ing. Jaroslav Mervart.
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In the 1970s, the Forest Economy Division run by 
doc. Ing. Zdeněk Bluďovský, DrSc. solved tasks con-
nected with management issues in organizational units 
in state-owned forests, work productivity measurements 
in the context of introduction of new technology into the 
production process, labour and working conditions eval-
uation, remuneration of managers etc. In the early 1970s, 
the independent Automated Management Systems Unit 
was established and doc. Ing. Milan Novotný, CSc. 
became its director. Existing economic topics were thus 
supplemented with the issues of computer technology 
as a support for management activities (e.g. optimiza-
tion of timber transportation within the organization, 
projects focused on automated weights calculations 
and logging resources assortmentation, sales register 
processing on the organization’s level, application of 
critical methods for logging activity on the forest district 
level etc.). These tasks were addressed by, among others, 
Ing. Miloň Pohořelý, CSc. and Ing. Záviš Pexidr, CSc. 
An important role in solving research problems was 
also played by the Mathematics and Statistics Lab run 
by Ing. Božena Temmlová.

In the 1980s, forest economy research focused on com-
pany and sector economy (e.g. costs of production proc-
esses, wood chips production, weight reception of timber, 
efficiency standards etc.). These projects were worked on 
by Ing. Jiří Skýpala, Ing. Jiří Bozděch, Ing. Miloš Klouda 
and others. With the introduction of personal computers 
(Olivetti, Redifon) to forestry in 1986, the division started 
to design automated management systems for the organi-
zation and use economic-mathematical methods such as 
optimization and modelling.

In 1991, the research institute underwent organi-
zational transformation and three divisions – Forest 
Economy Division, Automated Management Systems 
Division, and Production and Management Division 
– were dissolved. Later, also the technical standardiza-
tion (Ing. Miroslav Michalec, Ing. Vlasta Vančurová) and 
prognostication activities (Ing. Václav Novotný) were 
discontinued. 

In the 1990s, the research team of Ing. Jiří Matějíček, 
CSc., Ing. Jiří Skoblík, CSc. and Ing. Jan David in the 
newly established Division of Forestry Policies man-
aged to renew the “Forest Appreciation” discipline after 
40 years with the use of newly developed appreciation 
models for forest estates, forest stands and forest dam-
ages which led to preparation of data for the respective 
legislation.

8. Forestry mechanization
The Křtiny Research Station was founded in 1951. Its 
founder and first director was Ing. Václav Štaud, CSc., 
an outstanding researcher in forestry and its techniciza-
tion (Neruda, 2000). The station was opened as a subdivi-
sion of the Forestry Mechanization Research Institute in 

Oravský Podzámok with the task to address mechaniza-
tion for wood logging and skidding as well as forest regen-
eration. These initial tasks were later expanded to other 
fields of forestry. After the forest research reorganization 
in 1957, the Křtiny Research Station became a part of the 
Forestry and Game Management Research Institute in 
Jíloviště – Strnady (FGMRI). It continued its operationas 
this research institute’s organizational unit until the end 
of 1990 when it was transferred to the Training Forest 
Enterprise in Křtiny as part of the then Brno University 
of Agriculture (currently the Mendel University in Brno).

After this reorganization, the research station turned 
to production of its own specialized portfolio of research 
solutions for technical and technological development in 
forestry. These activities currently include forest trans-
port cableways equipment, machinery for preparation 
of soil for forest regeneration, forestation machinery etc.

During its existence, the Křtiny Research Station 
has had a number of leading experts focusing on forest 
technology who devoted all their efforts to their profes-
sion. We should primarily name Ing. Václav Štaud, CSc., 
who was in charge of the station at the very beginning 
when he had to find compensation for horses in forests 
and introduce tractors. He also came up with inventive 
solutions in technological preparation of units which 
were directly linked with the forest management devel-
opment (in which he closely cooperated with another 
leading expert, prof. Ing. Bohumil Doležal, DrSc. from 
the Forestry Faculty of the Brno University of Agricul-
ture). He was personally involved in creating the design 
and solution of wood skidding with the use of forestry 
cableways technologies and so on. It was also thanks to 
this division that the Research Station has achieved and 
maintained its top international reputation. In the era 
when the technological development of planting activi-
ties lagged behind wood logging and skidding (i.e. in the 
1970s), Ing. Václav Štaud, CSc. also took charge of tasks 
oriented on forest nurseries and forest regeneration. 
Probably the most famous output of this era was (and 
continues to be) the genius furrow tree planter RZS-1 
machine, whose construction principles inspired plant-
ing machines manufactured abroad as well.

The Research Station was lucky enough to have 
employed many other outstanding and enthusiastic sci-
entists and researchers, designers and machinery work-
ers. Achieved results were enabled not only by their exper-
tise, but also by their efficient and active collaboration. To 
name a few, there was for example Ing. Jaroslav Popelka, 
a visionary and excellent designer of many forestry mech-
anization devices (e.g. cableways, logging machinery and 
also the first prototype of the forestry wheeled skidder – 
a predecessor of the later well-known LKT machines), 
Ing. Zdeněk Réman and Ing. Mirko Dressler, CSc. 
(cableways, logging machinery including their legendary 
branch trimmer), Ing. Ivo Adámek, CSc. and Ing. Václav 
Jahoda, CSc. (building forest roads, traction winch 
machinery), Ing. Vladimír Liška and Ing. Jaroslav Dro-
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chytka (forest nursery technology and forest regenera-
tion), Ing. Přemysl Horek, CSc. and Ing. Lubomír Novák, 
CSc. (forestry cableways, dendromass wood chipping) 
and others. Last but not least, Ing. Alois Švenda, CSc. 
ran the Research Station after Ing. V. Štaud, CSc. Ing. A. 
Švenda, CSc. focused on the use of fragile wood, segmen-
tation of stand and in the 1980s, he continued with the 
issues including mechanized technology for forest nursery 
large-scale production and technologies for the use of tree 
mass. A significant output of his research activity in the 
mid 1980s – and he was well ahead his time – was the 
technology replacing classic nursery technologies with 
production of small and medium-sized container planting 
using firm seedling trays. Ten years later, this technology 
won recognition in Northern Europe for PLUG+ seed-
lings production.

Tradition of above mentioned mechanization devices 
which the Research Station developed decades ago and 
continued to improve and modify is built upon up to the 
present time, with some current products made here. We 
will only mention a few of all of those products whose sig-
nificance and application in the forestry operation have 
endured. The most important ones are the TPF-1 disc 
cutter, the above mentioned furrow tree planter manu-
factured in the original RZS-1 version and in several 
modification, forest cableways (the LARIX line), and 
there has also been a revived demand for the APOS branch 
trimming machine.

9. Game management
The history of game management research began with 
the establishment of the Game Management Division in 
1931 under the leadership of Ing. Jiří Sekera. In 1935, 
this division was merged with the Forest Protection 
Institute. The game management research in the post-
war era was represented mainly by RNDr. Miroslav 
Bouchner, CSc., Ing. Bohuslav Fanta, CSc., Ing. Zdeněk 
Fišer, CSc., Ing. Václav Hanuš, CSc., RNDr. Jiří Janda, 
CSc., Ing. Alois Kotrlý, CSc., Ing. Josef Lochman, CSc., 
RNDr. Stanislav Mottl, CSc., MVDr. Jaromír Páv, 
Ing. Miloslav Říbal, CSc., Ing. Bohumil Volf, CSc. and 
their followers Ing. František Husák, CSc., Ing. František 
Havránek, CSc. and many others.

Research focused on small game, both feathered and 
fur-bearing game, as well as hoofed game. Researchers 
addressed issues such as introduction, breeding, nutrition, 
health and also sensibility to various substances and pesti-
cide doses.

In the post-war period, a generation of researchers 
was involved in game management research, which pro-
foundly profiled each of its fields. MVDr. Jaromír Páv, CSc. 
substantially developed parasitology of the game (Páv 
1972), and his results are still a valuable source of 
information. Similarly, Ing. Václav Hanuš, CSc. and 
Ing. Zdenek Fišer, CSc. contributed to the development 

of intensive breeding of small game by forming of the first 
compound feed for pheasant game and the principles of 
breeding this important game species, including environ-
mental adjustments. An important achievement of the 
team Ing. Václav Hanuš, CSc., Ing. Zdeněk Fišer, CSc. 
and RNDr. Miroslav Bouchner, CSc. was the inventory of 
the presence of grouse in the Czech Republic. This, nowa-
days historical material, fully documents the occurrence 
of forest fowls, nowadays endangered species, and con-
tributes to the possibility of their salvage. Lastly named 
is a well-known ornithologist who has dealt with game 
species, especially water birds, his pubic book on wild-
life (Bouchner 1986) has been published in a number of 
countries. The issue of cloven-hoofed game was solved 
mainly by Ing. Josef Lochman, CSc., which significantly 
contributed to the development of the use of game pre-
serves for spend the winter in the Czech Republic or to 
the mouflon breeding. The problems of forest protection 
and testing of the plant protection products (repelents) 
were solved by Ing. Miloslav Říbal, CSc. and testing of the 
impact of other plant protection products on deer followed 
up RNDr. Jiří Janda, CSc.; this activity was discontinued 
soon. In recent decades, the monitoring of state of health 
of game according to the quality of the environmen was 
developed by doc. MVDr. Karel Bukovjan, CSc. Mehods 
of management of game populations were developed 
through regulations of Ministry of Agriculture and various 
methodologies by Ing. František Havránek, CSc.

Many monograph publications were written as 
a result of the research, providing comprehensive data on 
various species. These publications include, for example, 
monographs on the Cavicornia (Lochman et al. 1979), 
the mouflon (Mottl 1980), the red deer (Lochman 1985) 
and the fallow deer, sika deer and whitetail deer (Husák et 
al. 1986). The study of the hare was covered by Semizo-
rová & Švarc (1982). Attention was also paid to efforts to 
make the research on game more popularized. As a result, 
there was, for example, a publication on animal tracks 
(Bouchner 2003).

10. Conclusions
This overview cannot be a complete and exhaustive sum-
mary of everything that has been discovered and provided 
for practical forestry use during the almost 100-year his-
tory of the Research Institute. Intentionally, there was 
no focus on pre-war and war period, although many 
important and serviceable achievements were made at 
that time – to mention at least one, we can remind the 
reason for establishment of the Forest Protection Divi-
sion (later an Institute, which was a predecessor of the 
current Research Institute in this field) due to the need 
to deal with the nun moth disaster. 

The whole system of research institutes was built 
based on the initial concept by Ing. Dr. Karel Šiman pre-
sented in 1919 – 1923. Its establishment was completed 
in the late 1940s and finally it was largely transformed 
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in the 1950s. Only then, also because of the significant 
increase in the number of researchers (in the early 1990s, 
for example, the number of employees was approximately 
500 and some three fourths of them participated directly 
in research), did the institute fully focused on the needs of 
practical forestry. Many results of the research done from 
the 1950s have become outdated. However, they played 
an important role in their era. And what is even more 
important, following researchers built on these find-
ings and shifted the amount of know-how even further 
and made it accessible for practical application. It may 
sometimes seem this progress was rather moderate in the 
year-on-year perspective, yet seen from the distance of 
several decades, it is clearly evident. Also for this reason, 
this overview lists current findings as well because they 
follow on and draw from the work of the predecessors. 
This shows how appreciated older research outputs are, 
as they built the foundation for the present-day results, 
not to mention the fact that these experienced forerun-
ning researchers contributed to the education and scien-
tific growth of the subsequent generation. 

The overview as presented here is thus not only a look 
back to the past, but also a reminder of the active contri-
bution of the research for the contemporary practice as 
well as an outlook for both close and far future.
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abstract
The contribution is published on the occasion of the 120th anniversary of the establishment of a forestry research 
organisation in Slovakia and the 100th anniversary of the establishment of the Czechoslovak Republic. We present 
important forestry research works, which were written by former (no longer alive) workers of the Forest Research 
Institute (FRI) in Zvolen in the second half of 20th century. The works (30 works in total) were divided into seven 
scientific areas: biology and silviculture (five works), forest protection (four works), forest management (five works), 
forestry mechanisation and harvest-production technologies (four works), forestry economics (five works), hunting 
(three works), natural environment (four works). First, summary information on selected works in a specific area 
was presented. Then, individual works from the specific scientific areas were characterised in more detail. Their 
value for the development of science and research as well as for the practical forestry was presented. Moreover, their 
importance for the present time was addressed. The paper presents only a very limited selection of a great number of 
works by FRI workers published in the second half of 20th century. The table with the information on the periods, 
when the individual significant researchers worked at FRI, is presented at the end of the paper. 
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Institute

Editor: Marián Radocha

1. introduction 
On January 1st, 2018, 120 years have passed since the 
establishment of the first forestry research institution in 
Slovakia, the Central Forestry Research Station in Ban-
ská Štiavnica. During that time, great changes occurred 
in all areas of society, including forestry and its sci-
ence and research. A number of works dealing with the 
development have already been published. The achieved 
results in individual areas were evaluated in the publica-
tion entitled “History of forestry science and research in 
Slovakia” (1978). The work dealt with the period since 
the establishment of the forestry research up to approxi-
mately 1975. From that time we need to highlight three 
works of two former workers of the Research Institute 
of the Forestry Sector (RIFS) of Zvolen, which was 
previously located in Banská Štiavnica, namely Dušan 
Zachar (a long-term head of the institute) and Katarína 
Kovácsová (a head of the department of scientific and 
technical information). The mentioned works were writ-
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ten by Zachar & Kovácsová (1968, 1973, 1979). The last 
overview publication entitled “Forest Research Institute 
Zvolen, history and present time” was published on the 
occasion of 115th anniversary of forestry research in Slo-
vakia (Konôpka et al. 2013). The work focused on the 
analysis of the research performed at the Forest Research 
Institute (FRI) Zvolen between the years 1990 and 2012. 
An electronic DVD medium with an overview of publica-
tions of the institute workers is included in the cited work.

In this contribution we applied a different approach to 
elaborate this issue. From a large number of publications, 
we selected only those that dealt with the individual topics 
of forestry science and research in the second half of the 
20th century. The selected works brought new knowl-
edge, and significantly contributed to the development of 
forestry science and research. Preferentially, we selected 
the works that had not only theoretical outcomes, but also 
a positive impact on the practical forestry or on the overall 
development of forestry sector. They are book publica-
tions, most of which fulfil the current criteria of scientific 
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monographs. We selected only the works of those former 
workers of RIFS or FRI Zvolen, who are no longer alive. 
Only a small number of works were prepared in coopera-
tion with professionals from other institutions.

The presented work was prepared on the occasion of 
120th anniversary of the establishment of the forestry 
research in Slovakia to remember our former highly 
appreciated colleagues and to acknowledge their excel-
lent contribution to the development of forestry science 
and research. From a large number of existing works, 
we selected thirty publications. Evidently, such a small 
selection may not be completely objective, and many 
high-quality works were not included. 

In addition, we publish this work on the occasion 
of 100th anniversary of the establishment of the first 
Czechoslovak Republic (1st CSR). It is an extremely 
important anniversary for both nations. From the point 
of forestry research, we shall not forget the help from the 
Czech parts to Slovak parts of CSR to renew the develop-
ment of science and research after the break-down of the 
Austrian-Hungarian Empire. The same assistance came 
after the Second World War, when mutual cooperation 
was deepened and more coordinated. 

During the second half of the 20th century, several 
outstanding Czech scientists worked at RIFS. In spite of 
the political isolation from the “western” world and work 
organisation under the conditions of planned economy, 
forestry research in both the Czech and Slovak Republics 
managed to achieve the global level. The results of the 
research activities corresponded with the needs of the 
social practice of that period, creativity of the researchers, 
and equipment quality. Achieved outcomes of forestry 
oriented basic research, but above all of applied research 
were accepted and recognised by the European scientific 
and professional community as well as by the national 
forestry practice.

2. description of selected forestry research 
works
Individual works were divided into seven scientific areas: 
I) biology and forest silviculture, II) forest protection, 
III) forest management, IV) forestry mechanisation and 
harvest-production technologies, V) forestry econom-
ics, VI) hunting, VII) natural environment. First, short 
summary information on the selected works in a specific 
area is presented. Next, the content of individual works is 
characterised in more detail. Their input for the develop-
ment of science and research as well as for the practice, 
and their importance for the present time is outlined. 

2.1. Biology and forest silviculture
In the first forestry scientific area called “Biology and for-
est silviculture” we present five significant works. The 
first work “Natural tree species distribution in Slovakia” 

is a continuation of the works of Fekete & Blattný (1913, 
1914) entitled “Distribution of tree and shrub species 
important for forestry in the Kingdom of Hungary”. It 
is a significant work from the biological and ecologi-
cal point of view, because the whole concept of close to 
nature forestry in Slovakia is based on the knowledge on 
natural tree species distribution. The other two works 
deal with tree species genetics and breeding. They are 
entitled “Provenance research of Norway spruce (Picea 
abies Karst.) in the Slovak Republic (SR) and its applica-
tion” (to reduce the extent of the contribution we selected 
only one tree species) and “Ways and possibilities of 
preserving and conserving of a gene pool of forest tree 
species in Slovakia”. These works are significant mainly 
because apart from the obtained knowledge they repre-
sent a basis for solving this topic now and in the future. 
They can bring substantial changes from the point of 
ensuring human life needs, especially in the future (new 
discoveries in genetics, e.g. using gene manipulations). 

The second group of important works focuses on for-
est silviculture. They deal mainly with the possibilities 
how to affect growth processes of forest stands in such 
a way that they are able to fulfil the society needs and 
requirements to the highest extent. The works focus on 
beech (Štefančík 1974) and poplar stands (Kohán et al. 
1981). A number of other publications dealing with silvi-
cultural approaches for other tree species (mainly spruce, 
oak, and pine) were also published at that time, but due 
to a limited extent of this work we do not present them. 

Natural distribution of tree species in Slovakia 
(Blattný & Šťastný 1959)
L. Fekete and T. Blattný published a two-volume book 
on the results of the geographical plant research in the 
former Kingdom of Hungary in 1913 and 1914. The 
substantial part of this work contained the data from 
the area of Slovakia. In the next years, T.Blattný, first in 
cooperation with L. Fekete and later alone, performed 
further research in this field. After World War II, T. Blat-
tný in colaboration with T. Šťastný from RIFS in Banská 
Štiavnica complemented the mentioned work with the 
new information on tree species distribution. The sub-
stantial part of the book comprises the information on the 
horizontal and vertical distribution of individual tree spe-
cies in Slovakia. It deals primarily with the commercially 
important tree species: fir, pine, spruce, larch, and beech. 
It also contains information on tree species, which have 
their northern boundary of their European distribution in 
the area of Slovakia (e.g. Fraxinus ornus, Quercus cerris, 
Quercus pubescens, Acer tataricum). For example, in the 
case of spruce the work presents the lower boundary of its 
sporadic and abundant occurrence; the upper boundary 
is characterised with stands which have closed uniform 
canopies, open gappy canopies, groups of dwarf trees and 
individual dwarf trees. The boundaries of tree species dis-
tribution are listed in Tables for individual regions (West 
Slovakia, Central Slovakia, East Slovakia) and aspects, 
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together with the characteristics of forest communities. 
The zonal distribution of individual tree species is shown 
in maps. The last chapter discusses the impact of natural 
factors on tree species distribution (parent rock, aspect, 
latitude). At the end, the work deals with the introduced 
tree species (for example Douglas fir, Persian walnut, 
black locust, sweet chestnut).

Theoretical as well as practical forestry conclusions 
can be derived from the results of geographical plant 
assessment published in this work. Natural tree spe-
cies distribution represents a basis for the development 
of forestry science and research in almost all biological 
and ecological fields. It can be used in basic scientific 
disciplines, such as zoology including entomology, 
botany together with plant physiology, phytopatology, 
meteorology, climatology, etc. Next, it is also useful for 
applied forestry research disciplines, which synthesise 
the knowledge from basic scientific disciplines, such as 
forestry phytocenology and typology, forest silviculture, 
forest protection, forest management, forestry econom-
ics, hunting, etc.

Since the publication examines natural tree species 
distribution in detail, it allows purposeful forest manage-
ment following natural laws. Hence, it is an important 
publication also from the point of practical forestry. The 
work is of importance also from the point of changing 
ecological conditions due to the ongoing climate change. 
It can be used when dealing with the impact of climate 
change on forest stands, specifically when suggesting 
adaptation and mitigation measures. 

Provenance research of Norway spruce (Picea abies 
Karst.) in Slovakia and its practical application 
(Holubčík 1980) 
The attempts to determine the provenance differences in 
the growth and development of tree species occurred long 
time ago. Provenances represent tree species variability 
determined by their genetic characteristics and long-term 
natural conditions. The extensive research of spruce at 
an international level was performed at the end of 60s in 
the last century. In the year 1973, the IUFRO working 
group 2.02.11 that dealt with the provenance research 
of spruce, discussed and prepared a plan for the future. 
In Slovakia, this topic was studied at RIFS in Zvolen. In 
the years 1963 and 1964, spruce seeds from its European 
distribution area were collected representing 337 prov-
enances including 37 provenances from the SR and six 
provenances from the Czech Republic. After seedlings 
from the whole material grew up, the provenances were 
selected for the establishment of a series of provenance 
research plots that represented three different natural 
conditions (at the upper boundary of spruce optimum 
in the Slovak Beskids, at the lower boundary of spruce 
optimum in the Low Tatras, and outside the natural dis-
tribution in the Javorie Mts.). At each research site, three 
sets of plots containing 49 provenances were established. 
In addition, other research plots were also established, 

particularly to monitor production of Slovak national 
provenances (High Tatras, Low Tatras, Slovak Ore Mts., 
Oravská Magura). 

Five years after planting of five-year-old seedlings, 
the evaluation of 83 spruce provenances originating from 
four provenance regions (Carpathian, Hercynian, Alpine, 
Dinaric) and growing on five research plots showed 
that the greatest differences in the survival and mortal-
ity between the provenances were found in the warmer 
and drier conditions outside the natural distribution of 
spruce. Based on this result an efficient selection can 
be expected to secure regeneration. Significant differ-
ences were revealed between growth characteristics of 
individual provenances. The highest proportion of well-
growing provenances occurred in harsher natural condi-
tions. In general, eastern provenances grew better than 
western provenances. Well-growing provenances origi-
nated from Slovakia, Romania, and Western Ukraine. 
Height increments were reduced during the first three 
years after planting in harsher conditions, and for two 
years in milder conditions. Individual provenances grew 
best at an elevation of 700 m a.s.l. The order of individual 
provenances according to their average height was sig-
nificantly different only between the plots situated in 
optimum and in harsh conditions.

These results refer to the provenances at young age - 
ten years old (five-year-old seedlings, five years after their 
planting). More exact results can be obtained after the 
order of individual provenances becomes settled, i.e. after 
the culmination of their height growth. The establish-
ment of such an extensive provenance experiment was 
a very important step for future research or for solving 
strategic forestry tasks. 

The development of forestry science can benefit from 
the prepared and verified methodology for the establish-
ment of provenance research plots. Another important 
outcome is the methodology how to evaluate growth and 
development of provenances in different natural condi-
tions. The results were practically applied for the clas-
sification of parent stands to category II. A. and during 
the preparation of the proposal of a programme aimed 
at establishing seed stands. 

Ways and possibilities of preserving and conserving 
a gene pool of forest tree species in Slovakia 
(Lafférs et al. 1988)
In the 80s of the last century, the highest attention of for-
estry science and research was paid to the identification 
of forest stand die-back. It was concluded that this new 
type of forest damage was caused by a complex of nega-
tive factors. Air pollution was the most important fac-
tor. Since the elimination of intoxication sources was not 
expected, forestry science and research focused on mak-
ing proposals how to protect forest ecosystems against 
this negative influence. The most important task was: to 
save, preserve and reproduce the gene pool of forests. 
The cited work first analyses the possibilities how this 
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issue can be solved. It was said that the ways towards this 
goal should include information sources, such as natural 
regeneration, seeds, vegetative parts (cuttings, grafting), 
pollen (storage, controlled cross-breeding), and tissues 
(tissue cultures). Subsequently, they include stands and 
crops that transfer this information. All at that time exist-
ing knowledge was synthesised. The most important part 
of the work was the proposal of the measures for preserv-
ing and conserving the gene pool of forests of SR. The 
programme was very specific and was prepared until the 
year 2000 (with five-year time horizons – 1985, 1990, 
1995, 2000) at a level of the whole Slovakia as well as 
according to the organisation structure of forests valid 
at that time. It was proposed to perform the measures 
using the following approaches: gene banks, certified 
stands, plus trees, seed orchards, seed stands, clone 
archives, plantations from vegetative propagation of 
material, forest seed banks. The measures were divided 
as follows: – in situ (preserving the most valuable stands, 
tree groups or biotopes using natural regeneration), – ex 
situ (evacuation of populations outside the polluted areas 
in the form of different reproduction plantations, seed 
orchards, clone archives, etc.), – a bank of forest seeds 
(storing most valuable populations). 

When preparing the programme for preserving and 
conserving a gene pool of forest tree species, the knowl-
edge on the gene pool of forest tree species was taken into 
account together with the outcomes of the research on 
the impact of pollution on forest tree species (localisation 
of polluted areas, prognosis of further forest die-back, 
particularly up to the year 2000). It was a summarising 
work focusing not only on the actual, but mainly on the 
future prosperity of FS in SR. 

Implementation of the project was prioritised because 
it is known that Slovakia was and partially still is one of few 
European countries, where native populations adapted 
to the specific conditions, which are very valuable from 
the genetic point of view, have been preserved. Preserv-
ing this valuable gene pool was at that time understood 
as the first and most important pre-condition to return 
to unrestricted forest management when the intoxica-
tion sources are eliminated, and eventually when the 
inevitable corrective measures are performed in natural 
environment. 

During the programme implementation, a lot of 
valuable knowledge for the progress of forestry science 
in specific areas, as well as for the practical actions was 
acquired. We can say that the programme has its continu-
ation also now, since a lot of attention is still being paid to 
the issue. For example, since the year 1993 the implemen-
tation of the measures in the area of forest reproductive 
material has been annually evaluated within the scope of 
the “Reports on FS in SR”. 

Impact of thinnings on structure, qualitative and 
quantitative production of pole beech stands (Štefančík 
1974)
The publication summarises the results of thinning 
experiments in pole beech stands. The research was per-
formed in accordance to the agreed distribution of the 
scientific forestry work in the former CSR (based upon 
tree species composition of forest stands – in CR high 
proportion of coniferous tree species, mainly spruce, 
while in SR high proportion of broadleaved tree species, 
mainly beech). It was a long-term research on permanent 
research plots. In 1972, 17 permanent thinning research 
plots were established in Slovakia. The publication sum-
marises the results of the research performed in pole 
beech stands after three thinning treatments, or after 
eight or nine years of tending. The greatest reduction in 
tree numbers was observed in the case of strong thinning 
from below – 79%, while following the loose thinning 
from above the number of trees decreased only by 32 to 
60%. The reduction of the total wood biomass following 
both thinning methods was almost identical. The total 
production of wood biomass in thinned pole beech stands 
was similar to the production of unthinned stands. The 
differences between the stands thinned following differ-
ent approaches were not unambiguous. The situation in 
the production of high-quality wood biomass is different. 
The best approach from this perspective seems to be the 
“loose thinning from above”, which practically affects 
only the main canopy composed of promising trees. 
Special attention was paid to the research of thinnings 
in unhealthy stands, particularly to those affected by bark 
necrosis. In these stands, health condition of trees was 
used to select the trees to be thinned. Hence, all infected 
trees from the understorey were thinned, while from the 
main canopy only the trees in advanced disease stages 
were extracted. The thinning from above was found to 
have a more positive impact on the quality of wood pro-
duction than the thinning from below also in unhealthy 
stands. 

The theoretical outcome of the work is that it is not 
possible to significantly affect the total wood produc-
tion by applying any of the examined thinning methods. 
No substantial differences were found between thinned 
and unthinned stands. The situation in the production of 
high-quality wood biomass is different. From this point of 
view, best results can be achieved when “loose thinning 
from above” is applied. 

This is a practical outcome if the management goal is 
to produce high-quality wood biomass. Another impor-
tant outcome from the economical point of view is the 
fact that in the case of “loose thinning from above” the 
interventions can be performed less frequently than thin-
ning from below. A four-year long intervention interval 
between the second and third thinnings was found to be 
short and can be prolonged in healthy stands.
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Intense approaches to grow poplar in Slovakia 
(Kohán et al. 1981)
After World War II, FS was obliged to produce large 
amount of wood for the national economy in a short time. 
Thus, in 50s of the last century cultivated poplar species 
were largely introduced and planted not only in forests 
but also on non-forest land. This led to the need to estab-
lish a specialised workplace, which would deal with all 
basic problems of this task. Hence, in the year 1952 the 
scope of the Research Station in Gabčíkovo was extended 
from dealing with windbreak forests to silviculture and 
cultivation of fast-growing tree species. 

It was assumed that poplar would grow in SR at 
an area of 12,320 ha. The selected sites were located 
mainly in alluvial forests of Podunajská plain (57%), at 
Váh downstream (25%), and in Východslovenská plain 
(18%). The publication thoroughly evaluates performed 
research works as well as achieved outcomes over a 
period of almost 30 years. It is a summarising work deal-
ing with intense approaches of growing poplar (lignin 
crops, intense crops, special crops for pulp production). 
Silvicultural technologies are described in detail starting 
with full-area soil preparation (stump extraction, level-
ling ground, deep soil loosening) to prospective tech-
nologies of full-area soil preparation. The methodology 
of monitoring intense approaches of poplar silviculture 
(regional and typological distribution of research plots, 
works on research plots, processing of measurements 
and observations) is presented separately. The next part 
evaluates achieved results (poplar growth, growing of 
agricultural crops, health status and protection of pop-
lars, wood assortment structure and value production, 
thinning interventions, evaluation of special crops for 
pulp production). The economic evaluation of intense 
approaches of poplar growing is presented in a sepa-
rate chapter. At the end, production methods and their 
variants applied for intense poplar growing are presented 
individually for rotation and pre-rotation harvest (assort-
ment, stem and tree methods). For example, the research 
results determined the rotation age of lignin and intense 
crops to be 15 – 20 years, and 20 – 25 years, respectively. 
The production aims for round-wood assortments, par-
ticularly the logs of special quality. The rotation age for 
pulp production was determined to be 10 – 15 years. The 
average annual wood production was 20 – 25 m3 per ha. 
Profitable cultivation of poplars was achieved if the total 
average increment equalled 10 m3 per ha. 

The important knowledge from the point of scientific 
progress is that intense poplar cultivation is possible only 
in several groups of forest types in alluvial forests. The 
poplar clones ´I–214´ and ´Robusta´ have the highest 
increments followed by ´Gelrica´ and ´Grandis´. 

From the practical point of view, the important 
information is that positive outcomes can be achieved 
only under favourable natural conditions for poplar. In 
addition, technological steps of poplar cultivation need 
to be strictly followed. Currently, processing of poplar 

wood is problematic because the wood-processing fac-
tory in Štúrovo ceased its production. Another up-to-date 
problem is that nature protection movements promote a 
return to native poplar and willow species. 

2.2. Forest protection
From the works dealing with forest protection research, 
we selected four areas, or three tree species, namely fir, 
oak, and poplar. The proportion of the first two tree spe-
cies in Slovak forests is much lower than it is desirable. As 
for fir, its mass die-back (MDF) in the past resulted from 
a complex of factors, while its proportion in sub-optimal 
conditions was to a great extent reduced by defoliating 
insects. Currently, forest ruminants represent the biggest 
obstacle to increase its proportion. Oak species is in a 
similar situation. Mass die-back of oak (MDO) occurred 
in Slovakia in the first half of 80s of the last century. RIFS 
in Zvolen mobilised large research capacities to solve this 
problem. It was caused by a fungal disease (tracheomyco-
sis), as well as by the outbreak of bark-beetles that carried 
this pathogen. Thanks to the thorough implementation 
of the research results this epidemic could be stopped. 
A very important lesson can be drawn from this issue, 
particularly from the approach how the problem was 
solved. Specifically said, if forests are under the risk of 
being affected by harmful agents, all available preventive, 
protective and defensive measures need to be performed 
as soon as possible. In other words, we should follow the 
“precautionary principle”. 

Fir moths in Slovakia (Patočka et al. 1960) 
In the 50s of the last century, mass die-back of fir stands 
(MDF) occurred in Central and Eastern Slovakia. This 
was caused by large gradation of moths feeding on fir. 
Hence, RIFS in Banská Štiavnica was chosen to deal 
with this issue. The results of their investigation were 
summarised in the publication, the title of which has an 
amendment “with regard to the fauna of Central Europe” 
(the research was carried out also in other countries of 
Europe). The introduction of the work specifies the goal. 
Next, a large number of co-workers and institutions that 
cooperated in the research or publication preparation are 
listed. Then, the methods follow. The research results 
revealed that 40 different butterfly species occur on fir. 
The publication presents the number of butterflies by 
individual tree parts occupied by larvae. Next, system-
atic classification of these species is presented. From all 
listed species, three species (from the Tortricidae fam-
ily) were identified as more severe pests on fir in Central 
Europe: two of them live in a web shelter spinned around 
needles (Choristoneura murinana (Hb.) and Zeiraphera 
rufimitrana (H. S.)), and one feeds on buds. Three 
other important pests were mentioned from Yugosla-
via (Epinotia proximana H. S., E. subsequana (Hv.) 
and Argyresthia fundella F. R.). Quite severe damage of 
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fir seeds is caused by larvae of Dioryctria abietella (Den. 
et Schiff.). The work contains original identification keys 
of fir moth species, their pupae, larvae, caterpillars, com-
ing out from photoeclectors in winter. All developmental 
stages are described for each species, as well as their bio-
nomics, distribution, importance for forestry, and a list 
of parasitic insects. In the case of important pests, the 
data about their monitoring, prognosis and elimination 
is presented. In the case of the main pest Choristoneura 
murinana (Hb.), the questions of the past outbreaks, 
relationship between the outbreaks and the charac-
ter of infested stands, stand disposition, foliage loss, 
and regenerative ability of fir are discussed. Economic 
losses on quantitative and value production caused by 
its feeding were also evaluated. In the future, occasional 
reproduction of the listed species was assumed. Chemical 
control of these pests remained an open question. Simi-
larly, further solutions of stand disposition to damages 
caused by Choristoneura murinana (Hb.), fir regenerative 
ability, economic evaluation of damages, as well as other 
problems remained unsolved.

The work is beneficial from the theoretical point of 
view (for entomology, and forest protection in the case of 
MDF). Foreign entomologists from Central and Western 
Europe were highly interested in the results. The situa-
tion evolved in such a way that in sub-optimal conditions 
of Slovakia fir could not be preserved. Currently, fir die-
back due to the reasons stated in the publication is not 
significant. Nevertheless, fir proportion is much lower 
than it would be desired. The increase in its proportion 
in optimal growth conditions is limited by game, which 
severely damages this species. 

Natural enemies of fir pests (Čapek 1961)
This work follows the previous publication “Fir moths in 
Slovakia”. It was an experiment aimed at the evaluation 
of the influence of several factors on the regulation of 
larvae and pupae of Lepidoptera pests, which were co-
responsible for MDF. The attention was mainly paid to 
parasites. Individual pests are discussed in separate chap-
ters. The work presents a complex of natural enemies of 
Choristoneura murinana Hb. (episites, parasites of larvae 
and pupae, hyperparasites) and Epinotia nigricana H. 
S. Special attention was paid to the impact of chemicals 
against Choristoneura murinana Hb. on its entomophags 
and on parasites of E. nigricana. The impact of DDT cold 
aerosol application on parasites in infested stands was 
examined. At the end it was stated that these chemi-
cal actions against C. murinana were highly efficient if 
applied in a suitable period, but had also severe nega-
tive influence since the caterpillars and predator larvae of 
Dasytes coeruleus F. beetle were killed. In the next part of 
the publication, insect parasites of other Lepidoptera on 
fir, and of moths are presented. The last chapter discusses 
syn-parasitic relationships of Lepidoptera on fir. It was 
revealed that the impact of natural factors on the popula-
tion of a specific pest is very complex, affected by a whole 

set of different factors, and that it continually changes 
in time and space. The proportion of parasites and dis-
eases responsible for the pest mortality can be determined 
relatively precisely if the bionomics of parasites, way of 
spreading and the course of the disease are known. 

Apart from the specific conclusions related to MDF 
the most important revealed knowledge is that healthy 
and resistant fir stands can be grown only at sites, which 
meet ecological demands of this species. The work is 
important from the theoretical point of view. It is desir-
able to continue in the research, while the highest atten-
tion should be paid to pest diseases, and to suitable and 
practically applicable approaches to use them as biologi-
cal control of pests. 

Mass die-back of oaks in Slovakia (Čapek et al. 1985)
Oak die-back was first observed at the end of 70s of the 
last century, and it gradually turned into MDO at the 
beginning of 80s. The RIFS in Zvolen was obliged to put 
forward proposals how to deal with this negative situa-
tion. At the same time, its task was to manage practical 
implementation of the measures to save oak stands. A 
large number of institute workers participated in solv-
ing the issue (20 scientific workers). A summary work 
consists of ten chapters and presents the solution results. 
The first five chapters define problems, characterise oak 
species affected by die-back, describe the course and 
symptoms of the disease, the origin, spread and extent 
of die-back in Slovakia, the causes of the disease and its 
mass development, pathogens and associated diseases, 
insects, the impact of sites, stand structure, weather, and 
cleanliness in oak stands, and the impact of pollution. 

The most important part of the work is devoted to 
protection and defence. It begins with restoration and 
maintaining the cleanliness in stands, emphasises its 
importance, states the risk if this principle is not kept, and 
finally discusses the responsibilities of the forestry prac-
tice. At the same time, the assumptions for restoration 
and maintenance of cleanliness in stands are presented. 
The next discussed issue is sanitation of barked oak 
wood. The following parts are: insecticides and equip-
ment for chemical sanitation of oak wood, prevention of 
tree damage, treating stumps, silvicultural prevention, 
increasing the resistance and influencing the pathogens 
with boric acid, direct chemical control of oak bark beetle 
and other transporters and pests, biological protection, 
protection of seeds, and seedlings. The work continues 
with describing forest management in stands suffering 
from MDO. It includes the inventory of infested stands, 
management goals in oak stands suffering from MDO 
(target tree species composition, stocking, structure, pro-
duction). Tending and regeneration principles in stands 
affected by MDO are presented separately (silvicultural 
technique, natural regeneration, planting, acorn collec-
tion, seed storage and preparation). These are followed 
by harvesting technologies and utilisation of wood from 
stands suffering from MDO (harvesting technologies in 
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pre-mature and mature stands, utilisation of merchanta-
ble and non-merchantable wood). The last part deals with 
the impact of MDO on forest economics. In that part, 
the costs for maintaining clean stands are presented, the 
costs of sanitation of trees affected by die-back are ana-
lysed, and the impact of sale of infested oak wood on its 
utilisation and on income in the year 1983. 

The theoretical outcome of this work is that the 
pathogens, namely parasitic fungi from the Ceratocystis 
genus that cause oak tracheomycosis (vascular disease), 
were unambiguously identified. These fungi commonly 
occur in oak stands, but under normal weather conditions 
without any extreme events and under proper manage-
ment they do not threaten healthy and viable individuals. 
Next, conditions suitable for disease spread are identi-
fied. An important outcome is the knowledge that when 
proper protection and defence measures are suggested 
and performed, it is possible to stop or at least to prevent 
the spread of such epidemics. It should be noted that on 
the base of the presented results and new knowledge an 
important publication about oak pests and their enemies 
was published (Patočka et al. 1999). Practical outcomes 
of the work that were achieved after the implementation 
of proposed measures can be evaluated exceptionally 
positively. High values of wood production as well as of 
ecological and environmental functions of these forest 
stands were saved.

Poplar protection (Leontovyč et al. 1959)
As we have already mentioned in the previous chapter, 
extensive introduction of cultivated poplars to SR started 
in 50s of the last century A serious issue was to protect 
cultivated poplar plantings against pests, diseases and 
damages. The presented work first presents the knowl-
edge about the specific requirements of individual pop-
lar clones on site conditions, particularly soil properties, 
ground water level, and climate. The next part deals with 
the principles of poplar protection against individual 
groups of harmful agents: abiotic, animal, and plant ones. 
The first group (abiotic factors) includes damages caused 
by frost, heat, drought, excess of moisture, hail, ice, wind, 
and lack of light. A position of damage on a tree (stem, 
tree rings, foliage, etc.) as well as the form of negative 
influence is characterised. Finally, particular protection 
measures are suggested. Usually, it is prevention, focus-
ing mainly on the selection of suitable sites, silvicultural 
and protection measures at stand establishment, its tend-
ing and regeneration. 

The second group (animals) contains mites, louse, 
and worms; pests of: buds, shoots, aments, foliage, roots, 
stems, and branches; rodents, and game. Individual pest 
species are listed together with their type of damage and 
type of protection (defence). Protection (defence) types 
are differentiated according to individual pests. In the 
case of insect pests, they include mainly chemical and 
mechanical methods. Effective measures against rodents 
(voles, mice) include keeping forest nurseries and plant-

ings clean, and using suitable agrotechnics. Protection 
against game includes heavily branched seedlings, 
fences, bandages, chemical repellents. 

The third group (plants) covers higher plants - weeds, 
and fungal and bacterial diseases. The first sub-group 
(higher plants) includes specific species bound to site 
conditions of alluvial forests (e.g. climbing plants). Dif-
ferent types of protection are presented. The second 
group (fungal and bacterial diseases) comprises patho-
gens causing falling of seedlings, diseases of: foliage, 
shoots, stems, roots; rots in stands on loading places. 
Similarly to the previous cases, types of protection and 
defence are presented. The second part of publication 
contains Directives for poplar protection. They specify 
the approaches against poplar pests, fungal and bacte-
rial diseases, bark canker of poplars caused by Dotichiza 
populea Sacc. et Briard fungus, and brown slime flux of 
poplars. Directives include the rules for the import of 
poplar material from abroad with regard to protection.

From the theoretical point of view, the work is valu-
able because it describes the symptoms of brown slime 
flux on poplars in Slovakia and compares the symptoms 
with those of the disease caused by Micrococcus populi 
Delacroix bacteria. It was concluded that the symptoms 
of both diseases are so different that it is not possible for 
one organism to cause a disease with such different symp-
toms. Slime flux is also caused by bacteria, but the species 
is different and was not known at that time. To evaluate 
damage intensity, a scale was proposed. Symptoms of 
the disease were described verbally and were shown in 
photographs. The identification of cultivated and native 
poplars with the fastest progress of this disease was the 
important practical finding. It was revealed that tree 
position in a stand has a great influence on the infection 
degree. Emergent trees and trees of the main canopy suf-
fer from slime flux less than trees in the understorey. At 
best sites, thinnings can reduce the harmfulness of slime 
flux. However, they need to be performed on time. The 
usefulness of the work for the present time depends on 
the fact what concept of using sites with optimal condi-
tions for poplar cultivation is followed (more details in 
Cifra et al. 1982).

2.3. Forest management
The works that were included in this section can be 
divided into two groups. The first one covers the research 
of growth processes of tree species and stands, on the 
base of which uniform methodological instructions used 
for the elaboration of forest management (FM) works, 
mainly forest management plans, were prepared. These 
include e.g. tables for determination of volume and 
increments of forest stands – the final output was called 
“Tables of stand volume and increments” (1963). The 
most important task of a national character was the 
elaboration of national growth and yield tables. The work 
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on the task started in the year 1965. In the years 1965 – 
1974, research plots were established and measurements 
were performed in the whole area of Czechoslovakia. The 
results were produced in the year 1979. In the following 
years, the measurements were repeated and the “Yield 
tables of main tree species of the Czechoslovak Socialis-
tic Republic” (1987) were published and are presented 
here. On the base of their verification, 3rd edition was 
prepared, which started to be carried out together with 
the edition from the year 1987 in FM of SR in 1992. In 
those years, other significant works were prepared, par-
ticularly from the measurements performed on perma-
nent research plots, e.g. thinnings in spruce stands of 
CSSR (1976), Height growth and stand structure (1978) 
– these are not presented in more detail here due to the 
limited extent of the contribution. Within the second 
group of tasks, the knowledge and results from almost all 
forestry fields were summarised or transferred for forest 
management purposes. In the year 1951, a large activity 
of establishing objects for the research of the selection 
management system was launched (Smolnická Huta, 
Biely Váh, Nižný Komárnik). A significant work of that 
period was “Empirical harvest indicator in the forests of 
CSSR” (1969). It was a new approach to determine har-
vests in a shelter-wood forest. With regard to the changed 
forest age structure, a new proposal of harvest determina-
tion has been recently prepared (2016), which should be 
put into force at latest legislative amendments.

Tables for determination of stand volume and increments 
(Halaj 1963)
The work is the second edition of “Tables of uniform vol-
ume curves” (the first edition was published in the year 
1955). The first text part characterises volume tables. It 
describes uniform volume curves (for even-aged stands). 
This is followed by tariffs (function, properties, construc-
tion for stands, shift of height curves, their use), tariffs 
for uneven-aged (selection) stands (function, charac-
teristics, construction for stands, shift of height curves, 
their use). In the second part, the method of tariff dif-
ferences used to determine the current stand increment 
is presented. The method is mathematically derived in 
the work. The following text presents the determination 
of increments in even-aged and selection stands (using 
height tariffs, stem analyses, their comparison and use), 
determination of volume increments of even-aged and 
selection stands (common properties of derived methods, 
deriving unit volume increments for the tariffs of even-
aged stands, for uniform volume curves, and for tariffs 
of selection forests, deriving of unit volume increment 
percent). Afterwards, the work presents the application 
of derived tables, which can be used to determine incre-
ments of even-aged and selection stands: the method of 
a mean stem to determine the increment of the whole 
stand (for even-aged stands), determining increments of 
even-aged and selection stands in diameter classes, and 
the accuracy of the derived methods. A large chapter is 

“Instructions for practical determination of volume and 
increments of even-aged and selection stands”. To deter-
mine stand volume, mean (classification) diameter needs 
to be determined, tree heights need to be measured in a 
stand, and volume is calculated. The instructions how 
to determine diameter increments are more extensive. 
They include information about the required number of 
cores, the procedure of measuring diameter increments 
in a stand, office processing (determining diameter incre-
ment for a mean stem, for diameter classes). Next, the 
work presents the calculation of stand volume increment, 
globally for the whole stand – using methods of a mean 
stem (for even-aged stands), tariffs for even-aged stands, 
or using unit volume increment percent. The calculation 
of increments in diameter classes using unit volume 
increments and tariffs of selection stands, and unit vol-
ume increment percent is described. This is followed by 
tables (numerical data) for individual tree species.

It was a significant work both from the theoretical 
and practical point of view. It has been used during the 
preparation of forest management plans to determine 
growing stocks of individual forest stands. 

Yield tables of main tree species of CSSR 
(Halaj et al. 1987) 
They comprise original national tables for five main 
tree species (spruce, fir, pine, oak, beech) and modi-
fied tables taken from other sources for seven more tree 
species (Douglas fir, hornbeam, birch, coppiced oak, 
alder, black locust, poplar). The tables were derived 
within the research programme that was ongoing since 
the year 1965. An extensive research material from the 
whole CSR was collected. All scientific institutes, forestry 
faculties and institutes for FM, as well as forestry prac-
tice in the whole CSR participated in their processing. 
Coordination, inspection, and national united manage-
ment of works was performed by the “Commission for 
yield tables”, which consisted of the representatives of 
all participating institutions. The structure of yield tables 
of main tree species differed from the previous tables. In 
addition to the previous division into a main stand and 
a thinned part of the stand, a new main element called a 
combined stand (prior to thinning) was added to tables. 
Instead of relative site indices, absolute height site indi-
ces were applied. New volume units, such as the most 
important merchantable wood inside bark instead of the 
merchantable wood outside bark used before, were intro-
duced. To allow processing of the whole tree volume, tree 
volume outside bark was also introduced to tables. The 
yield tables of other tree species were modified accord-
ingly. For all tree species, inevitable figures were added to 
yield tables, namely height site index curves to determine 
site index on the base of a mean height of a combined 
stand (in the case of main tree species also on the base of 
top height), and graphs of growing stock of a combined 
stand (merchantable wood inside bark) in relation to 
age, height, site index (in the case of main tree species 

164

J. Konôpka et al. / Cent. Eur. For. J. 64 (2018) 157–179



for three volume levels). The publication also contains 
instructions for their use. Tree species site indices were 
determined on the base of age and height using height 
curves. For main tree species, two types of graphs for the 
determination of site index are available, one on the base 
of mean height, and the other for top height. Volume lev-
els of tree species were identified on the base of manage-
ment sets and growth regions. Three volume levels were 
introduced.  Tables contain information for combined, 
main, and thinned stands, and total production.

The presented work was 2nd edition of yield tables 
(1st edition was of an experimental and research charac-
ter). The tables were not implemented into practical FM 
in the whole CSR due to the objections of participants 
from CR to the content of the tables. Thus, in the year 
1987, research activities were renewed to finalise the 
research programme. However, uniform country-wise 
solution was not achieved during these works either. The 
representatives of SR wanted to use all knowledge and 
experience acquired during the construction and verifica-
tion of 2nd edition of yield tables and thus, they prepared 
3rd edition of yield tables, which has been implemented 
in the forestry practice of SR together with 2nd edition 
since the year 1992. The 3rd edition of yield tables was 
published in the year 1998 (Halaj & Petráš 1998). 

The research performed during the construction of 
national yield tables brought an extensive amount of 
new knowledge, which significantly contributed to the 
progress of forestry science. The outcomes have been 
used to solve research tasks in almost all areas of forestry 
science and research. Yield tables have been undoubtedly 
used in FM, as well as in forestry practice in general.

Empirical cutting indicator in forests of CSSR 
(Greguš 1969) 
Introducing a small-scale shelter-wood system in accord-
ance to Act No. 166/1960 coll. required to perform 
changes in harvest regulation. The author of the work pro-
posed a new approach of harvest regulation on the base 
of an empirical cutting indicator. He first characterised 
harvest regulation in the past and at the time of problem 
solving. Then he listed the requirements for harvest regu-
lation in a shelter-wood forest – to increase increments 
and quality of a parent stand, to ensure the establishment 
and good development of a subsequent stand, and finally 
to produce wood volume. It is a mutual ratio of compo-
nents: growing stock – harvest – increment. The next 
part of the work describes empirical cutting percentage 
(proportion of prescribed allowable cut in a particular age 
class). It was revealed that cutting percentage increases 
with the increasing age, while the values are very simi-
lar in the same age class but in different management 
groups. It was found that the derived empirical cutting 
percentage can be used to reduce growing stock, which is 
in accordance with stand regeneration and simultaneous 
attempt to increase production amount and quality. From 
the point of the theoretical basics of harvest regulation, 

the author of the publication dealt with the beginning and 
end of the regeneration cycle, theoretical distribution of 
cutting percent, and their justification. The next chapter 
focuses on the management model of a shelter-wood for-
est. It presents its arrangement and the use of the model 
of a shelter-wood forest when dealing with the question 
of the level of implemented regenerated interventions in 
stands. Afterwards, the work evaluates the results of the 
verification of the cutting indicator on empirical material. 
It was revealed that by applying cutting percentage, the 
required distribution of age classes in a shelter-wood for-
est represented by the area ratio of age classes is achieved. 
At the end, the author suggested directives how to use 
the cutting indicator in FM practice. In the year 2008, he 
prepared the proposal of the “Complex harvest regula-
tion in the long-term development of FM in Slovakia”, 
and in the year 2016 the “Proposal of harvest regulation 
in Slovak forests”. 

Great attention has always been paid to the allowable 
cut. From the national perspective, a serious mistake has 
never been made in Slovakia. Therefore, harvest possi-
bilities are currently much greater than in the past. Nev-
ertheless, the issue needs to be further addressed because 
FM in Slovakia nowadays occurs in a critical phase due 
to disturbances. 

Outcomes of clear-cut management at Research Base 
of Biely Váh (Greguš 1980)
The work is based on Act No. 100/1977 coll. and Decree 
No. 14/1978 coll. It characterises even-aged management 
system and its three forms (clear cut, shelter-wood, and 
combined strip clear cut and strip shelter-wood). It analy-
ses past development of forests and FM, as well as natural, 
social, technical, and economic conditions of even-aged 
management at the Research Base of Biely Váh. Next, 
organisation of the research of even-aged management at 
this research object since the year 1955 is presented. The 
research outcomes are divided into two periods, 1955 – 
1964 and 1965 – 1978. Management and research results 
from the second period and assessment of advantages and 
disadvantages of shelter-wood management is presented. 
The following part shows FM research results of even-aged 
management. First, it is the forest management concept 
of even-aged management, particularly shelter-wood 
management (it is based on a detailed assessment of the 
current and expected situation in FS, and its specific char-
acteristics). The next part deals with the survey of forest 
state and of management conditions (spatial arrangement, 
forest management typology, forest management varia-
bles and indicators), determination of management goals 
(operational objectives, target arrangement of a manage-
ment group), management planning (basic, framework, 
detailed), and management inspection (inspection of for-
est development, of how basic management principles 
are followed, how the plan of management measures is 
fulfilled). In addition, other research results originating 
from this research object (focusing on selection forest 
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management, Norway spruce provenances, spacings of 
Norway spruce, planting during the entire growing sea-
son, thinning treatments – IUFRO experiment, resistance 
of spruce stands to abiotic factors, optimal cohabitation of 
trees and game) are presented.

It is a significant work from the point of decision mak-
ing about the suitability of management systems or the 
forms of even-aged management system in mountainous 
regions of Slovakia. Since the research was ongoing for 
a long time, it provided relevant results for the theoreti-
cal studies, as well as possibilities of their application in 
practical forestry. A new FM concept that integrates indi-
vidual partial solutions (forest silviculture, protection, 
harvest technologies, as well as economic cost analysis) 
into a complex unit should be highlighted. It provided 
material for the establishment of integrated FM, which 
focuses on enhancing non-production forest functions. 
The principles of a biological value of a forest, and how to 
enhance ecological stability of a forest biome with regard 
to decisive harmful agents (mainly wind), the attempts to 
rationalise management interventions and maximise the 
use of modern technical equipment, and the principles 
of economic efficiency, etc. are characterised. From the 
practical point of view, the work was valuable because it 
formed basic material for the preparation of the Technical 
FM Guidebook (Lesoprojekt Zvolen 1984). 

Management principles in Slovak forests affected by 
pollution (Grék et al. 1991) 
In 80s of the last century, particularly in the second half 
of the respective decade, mass die-back of spruce stands 
started in Slovakia. Due to this, RIFS in Zvolen shifted 
a substantial part of research capacities to identify the 
origin of this situation and to search for the possibilities 
how to change this unfavourable state. The pollution 
impact on forest stands was identified as the main cause 
of MDS. The solution results were summarised in the 
presented work, which was prepared by a large team of 
RIFS workers. Emission load was presented, and pollu-
tion deposition types (acidic, alkaline, and ammoniacal) 
were characterised. With respect to this, threat zones of 
Slovak forests and the practical approach of their iden-
tification are presented. In acidic and alkaline pollution 
types, four threat zones were determined (A – heavily 
polluted areas, B – less exposed and partially protected 
areas, C – less polluted areas, D – protected areas in val-
leys with low pollution). Next, a practical approach how 
to determine threat zones is described. Separate parts of 
publication include the characterisation of stand stability 
under pollution load, and the evaluation of the health sta-
tus of coniferous stands in Slovakia, and its link to pollu-
tion load. The next chapter deals with the risk of conifer-
ous stands to be affected by abiotic harmful agents (three 
risk levels) and the consequence for management prin-
ciples in polluted regions of Slovakia. It covers threat of 
mechanical damage of forest stands by wind, snow, and 
frost. Similarly, threat of damage caused by biotic harm-

ful agents in coniferous stands was elaborated. It was con-
cluded that from biotic pests, coniferous stands are most 
threatened by bark beetles and wood borers. Spruce bark 
beetle Ips typographus (L.). is the most important pest 
from the Scolytidae family in spruce stands of Slovakia. 
The most threatened regions were Orava and Spiš. Plan-
tations of coniferous tree species were more and more 
threatened by sap beetles from Hylastes Er genus, and 
the large pine weevil – Hylobius abietis (L.). An important 
part of the publication discusses the principles of forest 
management planning in the stands affected by pollu-
tion. They contained basic decisions, operational goals, 
principles of framework and detailed planning accord-
ing to pollution types, threat zones and stand types. Last 
chapters deal with forest establishment, tending, impact 
of pollution on game, protection and conservation of a 
gene pool of tree species, and with the principles of stand 
fertilisation in polluted areas. 

This work substantially contributed to solving many 
problems of FS. The publication was prepared in close 
cooperation with workers of Lesoprojekt and practical 
foresters, who applied the mentioned results in practice. 
Already at the time of solving this issue, on April 20th, 
1988, the Východoslovenský regional council in Košice 
declared an extreme threat of forests at an area of 180 
thousand ha, where extensive measures were taken. 
Thanks to this, MDS was reduced and no outbreaks of 
other secondary harmful agents, particularly of bark-
beetles, which are nowadays frequent, occurred. 
 

2.4. Forest machinery and harvest and 
production technologies
With regard to production technologies, and the spread 
of technologies in FS, research in Slovakia focused on 
harvesting activities, mainly in broadleaved stands (wood 
felling, skidding, transport, and sorting on wood yards). 
The research was performed within the scope of FS sci-
entific and research base. The tasks included solving of 
individual operations (wood felling, skidding, sorting, 
transport), as well as optimisation of technologies con-
sidering mutual relationships in the whole production 
processes (from felling up to supply to a customer). 
The research covered also proposals and designs of 
new machines and equipment for wood production, or 
adapters on mass-produced machinery and equipment. 
The producers were mainly engineering companies of 
state forests (Enginnering Company of State Forests in 
Slovenská Ľupča, Enterprise of technical development in 
Olomouc). The cooperation with industrial companies, 
mainly with Heavy Engineering Factory in Martin, was 
developed. RIFS in Zvolen specified requirements for the 
production of machinery and equipment for FS at home 
and abroad. Apart from that, RIFS closely participated 
in the development of this machinery or equipment, or 
organised its testing under specific natural conditions. 
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Special attention was paid to the research of optimal uti-
lisation of wood, which was solved in cooperation with 
many non-sectoral institutions and organisations, par-
ticularly from wood-processing industry.

Felling, skidding and wood transport (Jančo 1977)
The work dealt with at that time progressive technolo-
gies and machines for felling, skidding, and wood trans-
port in CSR and abroad. It consists of six chapters. The 
first chapter analyses wood production in pre-mature 
stands. It presents individual technologies, their com-
parison, advantages and disadvantages. It also includes 
the overview of technical parameters of machines, which 
were used for skidding in pre-mature and mature stands. 
It shows the combinations of technologies based on at 
that time existing and expected technology for wood pro-
duction in coniferous stands. Next, the results from the 
comparison of technologies in broadleaved stands from 
the point of time consumption and work shift perform-
ance, energy consumption, financial costs and stand 
damage are presented. Summer felling of beech during 
the growing season is examined. The third part focuses 
on wood skidding. There was an attempt to replace horse 
skidding with a special terrain vehicle. In the next part, 
the authors deal with tractor skidding in flat and hilly 
terrains. Technologies are represented by machines that 
were used in our country and abroad. The overview of 
skidding with cable systems provides us with the infor-
mation about the use of these machines at that time, as 
well as with the expected technical development in this 
area in future. Technical parameters of machines used at 
that time are listed. The fourth chapter deals with wood 
transport from the point of technologies, vehicles and 
their technical features for wood transport. The overview 
of used trucks, tractor units, semi-trailers, automotive 
winches, and hydraulic arms is shown in a table. The 
fifth chapter focuses on the aerial transport of wood 
using helicopters. Its practical implementation was 
problematic because of high financial operational costs. 
The sixth chapter focuses on the use of tree felling and 
multi-purpose (multi-operational) machines for wood 
harvesting. It contains a short overview of chain-saws, 
which are most wide spread mechanical means in FS. 
Their technical description is presented. It was stated 
that rapid technical development introduces a number 
of multi-purpose (multi-operational) machines and 
their combinations into forestry to increase work-shift 
performance, reduce labour input, and enhance work-
ing conditions of workers. These machines are highly 
demanding on work organisation, concentration of 
wood felling sites, corresponding qualification increase 
of those who operate them and maintain them in an oper-
ational state. With regard to the performed operations 
they are divided into the machines that fell and bunch, 
skid, de-branch, shorten stems, and sort assortments. A 
short technical description is presented for each group of 
machines or for individual types of machines. 

The presented technologies, machines and devices 
were tested under specific conditions, not only with 
regard to their utilisation possibilities, but also from 
the point of their implementation efficiency. The works 
also proposed designs for construction modifications 
of machines, which were solved in a close cooperation 
with the engineering production sector, mainly engineer-
ing companies of state forests in SR and CR, as well as 
the companies of engineering industry, above all Heavy 
Engineering Factory in Martin and Automotive Factory 
in Kopřivnica. 

Cable yarding of wood in mountainous areas (Roško 
1970)
The work presents the principles and the peculiarities 
of accessibility of mountainous forests. It includes the 
steepness and rockiness of the terrain, which makes road 
construction difficult. In spite of that, roads are inevitable 
also in these areas. Road network in steep, so called sky-
line terrains, can be less dense, since a substantial part of 
transport is ensured by skyline systems. A large part of the 
publication deals with the static calculations of cable facili-
ties. In the first place, it is the skyline, which represents 
a runway for load transport. When calculating the rope 
with fixed anchored ends, three different calculations are 
taken into account: static, geometric, and physical. The 
work contains formulas, as well as tables and nomograms, 
which can be used to simplify the calculations. The sim-
plest approach is to use nomograms, which have satisfac-
tory accuracy. Next, static calculation of anchors of the 
skyline is presented. They are dimensioned to maximum 
axial traction of the skyline, which is practically equal to the 
rope strength if the safety coefficient is taken into account. 
The design of the winch performance is based on the 
requirement of the maximum pulling force the winch has 
to develop to transport the loads of the suggested weight, 
and the requirements on the minimum winching speed 
of the main line needed for the load extraction from the 
stand with regard to work safety. The second part focuses 
on the construction and operation of cable systems. The 
commonly applied route is a straight line. However, in 
some cases the route cannot be straight. In such cases, 
jacks are used, which can be of two types: a hung one with 
a shape of ordinary or reduction jacks, which are adapted 
to angled routes; a bracket jack consisting of a bracket and 
a rail, while at the end of the bracket there is a ball pin that 
moves in a bed, which enables forced movement of the jack 
caused by the movement of the skyline or by passing the 
carriages through the support. The third part of the work 
comprises technological approaches. The working crew 
consists of a winch operator, a loading operator, a helper, 
and an unloading operator. Since each of them is at a dif-
ferent place, working operations are performed using sig-
nals. From the silvicultural point of view, wood extraction 
from the stand under the skyline is very important. The 
simplest harvesting approach is clear-felling. Only small 
clear cuts can be used for the regeneration of forest stands 
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in mountainous terrains. Shelter-wood management sys-
tem is applied that includes opening of stands to promote 
natural regeneration, or establishing the starting points of 
natural regeneration in a parent stand, from which felled 
wood needs to be extracted. 

It should be noted that the presented work discusses 
the issue not only theoretically but also practically. From 
the theoretical point of view, it comprises the propos-
als of static calculations of constructed cable systems 
including proposals for the simplification of these cal-
culations. From the practical point of view, the designs 
of construction of cable systems as well as the propos-
als of technological approaches of skyline skidding of 
wood are important. Implementation of cable yarding 
reduced gravitation skidding of wood in mountainous 
terrain, which was ecologically inappropriate. At present, 
when finer forest management methods are becoming 
favoured, these technologies are prospective.

Wood transport. Machinery and technology of wood 
transport (Majkút 1973)
The publication characterises basic types of automotive 
vehicles: engine vehicles (trucks, tractor units), trailers 
and semi-trailers, and sets of vehicles (semi-trailers). 
Next, the operational conditions and principles, which 
need to be followed when selecting a particular vehicle, 
are presented. They include volumetric wood mass, its 
length and diameter, which determines the parameters 
of a vehicle (fuel wood, logs, poles), as well as the type of 
transport, if it is a short terrain transport of long-distance 
transport. Finally, it is noted that when selecting a suit-
able vehicle emphasis should be placed upon economy 
(consumption of fuel, lubricants, and tyres, vehicle per-
formance, purchase price, service and maintenance costs, 
vehicle manipulability, and comfort of operators). Basic 
equipment for wood transport includes: vehicle facilities 
(bolsters, stakes, auxiliary control of semi-trailers), load-
ers (automotive loading reels, hydraulic arms), ancillary 
equipment (ancillary frames for hydraulic arms, sliding 
platforms for semi-trailers, transport of semi-trailers on 
the vehicle). Technologies of wood transport are charac-
terised in detail. They include loading of poles (distribu-
tion of a set of vehicles, wood loading method, inspection 
of vehicle load and of a semi-trailer distance), loading of 
logs, kinematics of vehicle sets (movement of trailer and 
semi-trailer sets). Assessment of automotive transport 
is an important part of the work. This is based on a set 
of indicators that characterise the efficiency of transport 
process (ratio of productive and non-productive ele-
ments). They are following: vehicle drive time, breaks, 
loading works, vehicle downtime, average transport dis-
tance, load capacity of a vehicle, utilisation coefficients 
of: time, drive, load capacity. Then it is a vehicle perform-
ance, and work productivity. Finally, progress trends in 
wood transport are presented. At that time new types of 
vehicles are described: S 430, Škoda 101.10 and 101.60, 
Tatra 148, Tatra 813. Their technical data are character-

ised. In addition, the work deals with the development of 
hydraulic arms in FS, the use of which can reduce time 
losses when the vehicle stands, reduce work forces, and 
costs for loading and unloading. 

Wood transport was solved at a state level (work divi-
sion between sectoral research institutes in CR and SR). 
Production of mentioned motor vehicles was ensured by 
national companies belonging to the industry sector of 
CSR. Adaptation of these basic machines for FS, and 
production of some specific machines for FS was per-
formed by engineering companies of state forests in CR 
(i.e. Factory of technical development in Olomouc) and in 
SR (Engineering Company of State Forests in Slovenská 
Ľupča). The same situation was in the case of machines 
and equipment for wood transport. The result was that 
wood transport from forest stands to the centralised 
expedition and conversion wood yard, from which wood 
was transported on railways or directly to a customer, was 
fully mechanised. It was a significant progress in com-
parison to the past, when animal power or wood floating 
were used to transport wood. 

Technology of harvest and transport process of beech 
wood with sorting on a wood yard in the premises of 
customers (Kern et al. 1991)
The intention to reduce work load in the harvest and 
production process of FS, to increase high-quality 
assortment proportions, and to use felled dendromass 
in a more complex way, was put into practice by solv-
ing a research task in the eastern Slovakia in the second 
half of 80s of the last century. The RIFS in Zvolen was a 
responsible investigator, which solved it in cooperation 
with other 9 research, design and production organisa-
tions. The investigation started with the preparation of 
the concept of harvest, production and transport process 
of broadleaves (beech) with sorting on a trial conversion 
wood yard in the premises of a customer – a state fac-
tory of Bukóza, Vranov nad Topľou. This was followed 
by the analysis of machine structure and the proposal of 
a technology of wood harvest in a collection area (allow-
able cut, equipment for wood felling and skidding, the 
sets and technological methods), assessment of road 
network (basic transport vehicles were designed, and 
equipped with the adaptations for wood transport, the 
consumption of fuel was determined, and the benefits 
from the implementation of new technologies were pre-
sented). Afterwards, technologies and technical equip-
ment for the production of assortments were designed. 
The model conversion wood yard was built: Two parts 
– pre-prototype for 30 thousand m3 of wood per year, – 
a prototype for 170 thousand m3 of wood per year. The 
machines and equipment for wood sorting were automa-
tised. The machines were produced within the country: 
cranes with a grapple for wood, sorting lines, and split-
ters. Sorting lines were equipped with a control system, 
which used information technology to control the sorting 
process, to measure sorted stems to produce logs and to 
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determine their amount. The obtained information was 
transferred to a central computer, where the overview 
needed for the organisation of the whole wood yard was 
prepared. Finally, the issues of supply and demand rela-
tions in the case of wood supply from the wood yard, the 
issues of legal relations, the anticipated structure of sup-
plies, the place of supply realisation and the wood prices 
were discussed. 

It was the biggest research task the RIFS in Zvolen 
has ever solved (100 mill. Sk, i.e. more than 3 mill. Euro). 
The investigation resulted in the construction and open-
ing of a fully automated turnkey wood yard. Almost all 
until then performed research solutions dealing with this 
issue as well as practical experience were summarised. It 
was a real model solution. The work can be regarded as a 
message for the present time how to innovate technolo-
gies or mutual bonds within the forestry-wood process-
ing sector.

 
2.5. Forestry economics and politics
The works focusing on the economics of FS can be divided 
into two groups: The first group includes the analysis of 
the development of FS economics in CR and SR between 
the years 1950 and 1970, as well as the assumption of its 
development until the year 1980 (Hromada 1972). Two 
other works dealing with cost planning of FS in Slova-
kia (Pelcner 1972), and with a differential rent in CSR 
(Václav 1986) can be included in this group, too. These 
works were solving the problems of the sector in SR as 
well as in CSR of that time. They covered financial secu-
rity of silvicultural and harvest activities, sectoral and 
enterprise economics – understandably in the frame of 
the directive management of FS at that time. Two other 
tasks focused on investigating conceptual questions of 
FS (Papánek 1978; Greguš 1987). The first one brought 
a new view on forest roles and on FS tasks linked to 
the future society requirements and needs. The work 
devoted to this issue was entitled “Theory and practice 
of functionally integrated FS”. Although this work was 
published 30 years ago, it is still up-to-date. Many of the 
presented conceptual intentions have been practically 
applied via FM. The progress to apply the functionally 
integrated forest management to the economic mecha-
nism of FS has not been achieved, and is an urgent issue 
to be solved. The second work “Strategy of FS” can also 
be positively evaluated. The presented conclusion was 
that further forest development, which is ensured by 
forest management, needs to be expanded to cover the 
trajectory of making prognoses about the development 
of all FS components in such a way that the sector would 
equal other sectors. 

Analysis of the economic development of forestry sector 
in CR and SR (Hromada 1972) 
The work consists of four parts: – State and dynamics 
of forest land. It examines the development between 
the years 1950 and 1970, as well as an assumption until 
the year 1980. Next, there is a frame prognosis until 
the year 2000. It characterises the development of for-
est land and its basic trends. It states that the values of 
individual indicators of FS (forest area, growing stock, 
harvest possibilities, etc.) increased. – Development and 
intensification of FS in CSR. It lists the problems during 
the development (exceeding allowable cut, insufficient 
wood utilisation, little care for forest land, lagging behind 
in the mechanisation, lack of workers, low salaries, etc.). 
Improving cadre and material conditions in forestry sci-
ence and research is an example of positive changes. – 
Development of administration system of FS in CSR. 
Many changes in the organisation of production and 
technical base, planning, financing, system of personal 
and enterprise material involvement, etc. are presented. 
It is stated that the economic administration system of FS 
was enhanced at all its levels, and the planning system, 
financing and material involvement in production and 
economic results of enterprises and internal enterprise 
units were improved. – Problems of economic develop-
ment of FS in CSR and SR. Some results from the evalu-
ation of summary economic development in FS are pre-
sented. A positive development in spatial relationships 
and an increase of forest cover at a national level are 
pointed out. Nevertheless, the share of FS on domestic 
product and national income continuously decreased. 
From the point of profitability, SR lagged behind CR. 
Finally, it is stated that the increasing importance of non-
material forest functions does not mean that the material 
production of FS will lose its significance. Moreover, eco-
nomic development of society is inconceivable without 
more efficient utilisation of all natural sources, and hence 
also of wood and other material products forests provide. 
Fulfilling of forest functions in both areas cannot be seen 
in opposition. It is not an unsolvable discrepancy.

In general, it is a significant work that evaluates eco-
nomic development of FS after World War II up to the 
year 1970. At the same time, prediction until the year 
1980 and a general prognosis until the year 2000 are 
presented. We need to highlight the statement that for-
ests were and particularly at present are considered an 
important part of the national wealth not only because 
they are sources of renewable wood material, but also 
because they are important positive factors of geographic 
environment in the life of society.

From the theoretical point of view, the work is valua-
ble because it presents the methodology how the develop-
ment of FS can be analysed. Next, it also shows how this 
analysis can be used to elaborate prognoses for future. 
From the practical point of view, the work is significant 
because it states not only positive aspects of development, 
but also problems and shortages that need to be solved. 
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The important statement for the present time is that from 
the economic point of view, wood production should not 
be underestimated. The presented development, mainly 
numerical data if combined with more recent years can 
be effectively used for future orientation of FS. 

Planning of production costs in forestry sector at forest 
enterprise and forest district levels (Pelcner 1972)
The introductory part of the publication characterises 
forest production and its specific features. It is stated 
that forest production consists of silvicultural produc-
tion or production of a forest, which can be called as 
organic production, and of industrial production of 
wood (mechanical production of wood). The problem is 
to quantify production costs of total forest production, 
because the production cycle lasts several decades. The 
work analyses possibilities to quantify forest production 
as a correlated variable to production costs (one sum-
mary indicator, measuring units of partial works, fac-
tors affecting costs). Next, it divides production costs on 
the base of their types, purposes, and other views, and 
presents their dynamics as well as principles, methods 
and stages of their planning. The goal of the work was set 
to determine the best, i.e. the most precise and the least 
laborious way of planning production consumption at a 
level of enterprises and districts of FS. Then, the work 
methodology, sources of information and approach of 
their processing, methods of evaluation of suitability of 
calculation units (one, more) and their system (one cal-
culation unit, one calculation unit after excluding fixed 
costs, labour costs, material and energy consumption 
costs, planning of production costs according to cost 
types, direct costs according to activities, planning of 
production costs according to performance) are pre-
sented. The suitability of calculation units in individual 
systems presented above was assessed. The evaluation 
of systems of planning production costs on the base of 
the standard structure of production followed. It includes 
inter-enterprise variability of total costs converted to a 
standard structure of production according to systems, 
inter-annual variability of total costs converted to a stand-
ard structure of production according to systems, and 
assessment of systems according to moderate differen-
tiation. At the end, the achieved results are summarised.

We agree that planning of production costs in FS is 
quite difficult because of high diversity of production con-
ditions. In comparison to other sectors, the economic cat-
egory of production costs is significant because the final 
effect of economy – the business result or gross product 
of FS can be enhanced with an intense approach, i.e. by 
saving of labour and material and energy consumption 
costs. Extensive improvement by increasing volume pro-
duction and incomes is very restricted, because maximis-
ing of wood cutting depends on increment. Enhancing 
business outcomes by reducing labour and material and 
energy consumption costs can be characterised as abso-
lute (social) efficiency, because saved sources remain 

available to society, unlike the increase of income for 
production, since in FS social values in an instant eco-
nomic year are not created by better monetization, but by 
better manipulation of the existing harvest fund. Exact 
estimation of production consumption in plans is impos-
sible because forest production occurs in nature at a great 
number of extremely different workplaces exposed to an 
infinite number of factors affecting production costs.

At the end we have to note that during the directive 
management when almost all forests were managed by 
state organisations, the solution of given problems was 
up-to-date and was useful from the theoretical as well as 
from the practical point of view. It is also true that forest 
functions and FS change as the society develops. For-
est management focuses not only on wood production, 
but more and more also on ecological and environmen-
tal functions. The specific feature of FS is that positive 
results can be achieved only by ensuring long-term forest 
development, which is valid now and will remain valid 
also in the future. 

Differential rent in forestry sector of CSR (Václav 1986) 
The work deals with an important issue – a differential 
rent in FS, or its impact on the revenues of forest enter-
prises, and hence, also on their economic position. It 
contains 7 chapters. It begins with the characterisation 
of a differential rent from forest soil (conditions of its 
establishment, impact on revenues of forest enterprises, 
compensation of adverse impacts). Next, it presents the 
analysis of FS revenues in the former CSR at federal and 
national levels and specifies the need for differential 
compensation of wholesale prices of raw wood – year 
1977, 1985, comparison of unit indicators. The returns 
of the enterprises of state forests in the former CSR were 
evaluated (years 1974 – 1984, verification of the specific 
need of differential compensation, trends in development 
of economic results). Specific attention was paid to the 
proposed economic indicator “tree species composition”. 
Its establishment, importance, and results of the verifica-
tion of its information value is presented. The temporal 
development of the economic indicator in the years 1977 
to 1984 was evaluated. The following chapter is called 
“Preparation and assessment of unit tariffs of differential 
compensation”. It deals with the standardised profit of 
enterprises of state forests from the production of raw 
wood, annual normatives of differential compensation 
of forest state enterprises, annual and unit normatives 
of differential compensation for forest state enterprises 
and a tariff book with unit tariffs of differential compen-
sation. The end of the chapter evaluates the creation of 
unit tariffs of differential compensation in the future. The 
chapter “Subsidies to wood price” presents the values of 
subsidies to wood price and the way of their usage and 
accounting, quantifies the benefits of subsidies, and 
evaluates their efficiency. At the end, the proposals of 
the subsidies to income for the next years are presented. 
The final chapter of the work is “Utilisation of knowledge 
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about the impacts of differential rent in forest produc-
tion”. It deals with the utilisation of knowledge about the 
impacts of differential rent from the location and fertility.

It was a significant work from both the theoretical and 
practical points of view. It was published during the direc-
tive management of economy, also in FS. Although CSR 
was a federal republic after the year 1970 (with relatively 
independent national ministries of forestry and fishery 
sectors), economic efficiency was evaluated in the whole 
state following the same economic indicators. These did 
not account for the specific conditions of FS in SR and 
CR. The countries differ in natural conditions, tree spe-
cies composition, accessibility of forest stands, etc. The 
impact of the differential rent penalised FS in SR in com-
parison to CR. Of course, this impact of the differential 
rent has existed also within specific economic subjects. 
Hence, there was an attempt to compensate these differ-
ences using a suitable approach. 

The differential rent in FS was evaluated only on 
the base of incomes from the sale of products. After the 
change of the political system the impact of the differ-
ential rent on individual subjects managing forests was 
partially compensated from the “State fund of forest rec-
lamation in SR” (Act No. 131/1991 coll., paragraph 4, 
letter a). When this fund was cancelled, this compensa-
tion also ceased. A positive change can occur only if ful-
filling public services will be equal to providing material 
products (goods) - wood. Hence, the solution is to include 
public services of FS into an economic mechanism of FS.

Theory and practice of functionally integrated forest 
management (Papánek 1978) 
The cited work contains main outcomes of the research 
performed in the years 1971 – 1976 dealing with complete 
regionalisation of forests in CSR according to their func-
tions and the associated valuation of useful forest functions. 
It is an extensive work focusing on human environment, 
forest functions, and forest classification, integration of 
forest functions, their valuation, regionalisation according 
to prevailing functions and functionally integrated FS. The 
appendix contains valuations keys. It is a comprehensive 
work comprising such a great amount of information that 
it is difficult to summarise all its results. This is confirmed 
by author´s prologue and epilogue to the wok. Hence, here 
we present only a torso, i.e. a definition of functionally 
integrated FS: an optimal solution selected on the base 
of comparison and evaluation of different possibilities to 
combine various forest functions into a harmonic system 
of forest management. The main principles of this manage-
ment are: universality – all forest functions, which depend 
on natural conditions and public interests, are considered, 
equivalence – all functions are quantified and measured in 
technical units and in monetary indicators used for mutual 
evaluation, analysis – their economic impact on benefit 
provision is determined, optimisation – the variant with 
best results and fewest sacrifices is selected, such a variant 
combines various forest functions in their optimum pro-

portions, implementation – the variant is implemented in 
the forest management plan and consequently into practi-
cal forestry operations, it is a practical fulfilment of theo-
retical concept of forest management.

The work is theoretically valuable because it presents 
new content or mission of FS. Traditionally, FS is viewed as 
a sector of productive activities used to manage and utilise 
forests as sources of raw wood material. Although FS has 
long been restricted by law and has been bound to respect 
defined rules, all these constraints came from outside. FS 
as a productive sector has lived from selling its products, 
from this point of view the production function is the one 
that earns money, while non-production forest functions 
are burdens, i.e. they are not functionally equal. 

Already this work has noted that there are no essen-
tial reasons why material and cultural services, which 
society requires from forests, could not be valued and 
hence equalised to wood production. It is also stated that 
the progress in the theory and practical forest valuation 
and in the methods of directing and financing of FS will 
no doubt solve this question. 

Although this intention has not been fulfilled yet, the 
work has had a big influence on the practical forestry, for-
est development and FS. Forest management has been 
modified following this work. A proposal of differentiated 
forest management according to integrated functions was 
prepared at RIFS in Zvolen (Midriak et al. 1981). Func-
tional types of forests were implemented in forest man-
agement. Consequently, prescribed management of forest 
stands was modified in forest management plans.

The work is nowadays important also from the point 
of practical forestry. We should go back to the ideas pre-
sented in the work because the situation in FS has lately 
been developing unfavourably. The specific features of this 
sector are not respected (on one hand FS is under high 
pressure of liberalism, while on the other hand great dam-
ages occur due to extreme nature protection approaches 
towards forests). The solution is to approve new state for-
estry politics followed by its thorough implementation in 
practical forestry. In addition, financing of forestry pub-
lic service functions should be included into the economic 
mechanism of this sector. 

Strategy of forestry sector in the Slovak Socialistic 
Republic (Greguš et al. 1987) 
The work presented a proposal of a general trend of FS 
development oriented at basic needs of society at the 
beginning of the third millennium. In fact, it was a project 
of intensification of the whole FS, which consisted of six 
main programmes of relevant importance: 1. To create a 
forest that is a biologically valuable and stable ecological 
system satisfying all vital needs of society, 2. To increase 
increment and wood harvest, 3. To convert forest man-
agement to technically developed (mechanised) FS, 4. To 
equalise social care for FS workers to the level of other 
national economic sectors, 5. To increase economic effi-
ciency of FS, 6. To enhance directing of FS. 
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Every main programme contained principal objec-
tives (components): – 1st programme: to increase bio-
logical value of forests (a gene pool of tree species, seed 
management, forest nursery management, regeneration 
and tending of forest stands), to increase ecological sta-
bility of forests (protection against abiotic, biotic, and 
anthropogenic agents), to increase non-production for-
est functions (impact on air, water, soil, plants, animals, 
human environment), – 2nd programme: to increase for-
est increments (stand reconstruction, intensive stands, 
other approaches), to increase harvest and yield until the 
year 2000 (at regeneration and tending, modification of 
regeneration periods, intensity of wood harvest, complex 
utilisation of biomass), – 3rd programme: mechanisa-
tion of silvicultural activities (seed management, forest 
nursery management, reforestation, soil preparation, 
tending and protection of young stands), mechanisa-
tion of harvesting activities (techniques and technolo-
gies, power engineering, harvesting, wood sorting and 
transport, development and production of forest machin-
ery, repair service, material and technical supplying and 
services), – 4th programme: to increase the care in the 
area of social structure, social conditions of workplaces, 
transport, nutrition, medical service, accommodation, 
off-work time, – 5th programme: to improve utilisation 
of forest production potential, to enhance methods of 
production measurements and economic stimulation, 
to rationalise production and organisation structure, 
– 6th programme: to enhance management organisation, 
to intensify impact of economic tools, to create an auto-
mated management system, to enhance planning and 
bonds with the complex of national economy. 

The theoretical benefit of the work is in the elabora-
tion of the systematics of the whole prognostic activity 
in FS. It consisted of three connected parts: a strategy 
that represents a basic trajectory of making prognoses (a 
general trend - a purpose and a goal, principles the sec-
tor should follow in the next decades); a prognosis that 
respects social, technical and economic conditions in the 
pre-defined time horizon; and a concept of FS, which is 
the last part of the work. 

A positive effect of the existing strategy for practical 
forestry was that the state governmental structures sup-
ported development of forests and FS. Financial means 
were set off from the state budget for developmental 
(mainly public) tasks of this sector. After the change of 
the political system in the year 1989, state governmental 
structures declared the importance of forests for society, 
but this fact as well as other specific features have not 
been sufficiently accounted for any more. The volume of 
financial means allocated to the development of forests 
and FS and to the provision of public services has gradu-
ally decreased. 

2.6. Hunting
The selected works can be divided into two groups. The 
first group contains research results dealing with indi-
vidual game species and their management. The second 
group comprises materials that were used as a basis for 
guiding the development of hunting at individual levels of 
its management, or at individual levels of game manage-
ment. From the first group we selected only one example 
focusing on roe deer. The attempt was to investigate the 
issue in a wider context, and not only some partial prob-
lems. Other game species were processed in the same 
way, but it was not possible to include them in the publi-
cation due to its limited extent. From the second group, 
two works were selected. Clearly, they were also based 
on the knowledge of individual game species. Neverthe-
less, main attention was paid to the analyses of the overall 
development of game in relationship to natural environ-
ment, and its carrying capacity. On the base of this, con-
ceptual proposals, which ensure sustainable, rational, 
and systematic game management and their utilisation 
as natural wealth and as a part of natural ecosystems, 
were elaborated. This intention was fulfilled by the pro-
posal of hunting regionalisation and site classification of 
hunting grounds in Slovakia (1974). The newest study 
was “Large-scale ecological game management within 
hunting regions and localities” (2004), which formed a 
basis for the concept of hunting development approved 
by the government of SR in the year 2017. 

Studies of hunting regionalisation and site classification 
of hunting grounds in Slovakia (Škultéty et al. 1974) 
The work was prepared as a reaction on high population 
of red deer, which exceeded the carrying capacity of the 
environment. This was the main reason of the growing 
damage of forest stands caused by red deer. In addition, 
negative effects on game quality were also observed. It 
was concluded that game management needs to be modi-
fied. To perform such changes, hunting regionalisation 
needs to be prepared and implemented. Three basic types 
of game management regions were created: one for red 
deer, one for roe deer, and one for small game. Too large 
regions were divided to sub-regions. In total, 30 regions 
were defined for red deer, out of which 7 were separate 
hunting regions, and 23 regions were divided into 50 sub-
regions. For roe deer, 23 regions were established, out 
of which 11 hunting regions were divided into 34 sub-
regions. For small game, 14 regions were specified, out 
of which 1 was separate, and the other 13 were divided 
into 37 sub-regions. Red deer regions cover 45% of the 
total hunting area, while the regions of roe deer and small 
game cover 29% and 26% of the area, respectively. An 
average area of a separate region or a sub-region for red 
deer, roe deer, and small game was 38 thousand ha, 30 
thousand ha, and 32 thousand ha, respectively. Hunt-
ing commissions under regional councils should manage 
the populations of individual game species in the indi-
vidual hunting regions. At the same time, the proposal 
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of directives for the management of hunting regions 
was presented. Next, protected areas (national parks, 
protected landscape areas, reserves), game reserves, 
protected hunting regions, pheasant reserves are char-
acterised. This is followed by site classification of hunting 
grounds (classification of grounds into quality classes). 
More specifically, the groups of forest types and groups 
of agricultural site units are classified into quality classes. 
At the end, the proposal of Directives for the classifica-
tion of hunting grounds into quality classes for forest 
game and field game is presented. In the case of forest 
game, general regulations specified classification, and 
specific regulations for individual species of forest game 
were proposed. Apart from that, regulations for mixed 
(combined) hunting grounds, game reserves, and small 
acclimation game reserves were presented. In the case 
of field game, specific regulations for individual species 
were listed. It was noted that commissions under district 
councils need to be created (from the particular subjects 
of interest) to classify hunting grounds to quality classes.

It was a significant progress in hunting from the theo-
retical as well as the practical point of view. From the 
theoretical benefits, we can mention a new approach to 
site classification of hunting grounds derived from natu-
ral conditions on forest and agricultural land. A practical 
intention was to harmonise actual population sizes with 
standardised stocks. Specifically, we need to point out at 
a conceptual approach to game management, which was 
supposed to be in harmony with the mission of FS and 
agriculture. As we will see in the description of the last 
significant hunting work (2004), the principles of large-
scale ecological game management were elaborated on 
the base of forest regions, which formed a basis for the 
conception of hunting development that was approved 
by the government of SR in the year 2017. 

Achieved results of roe deer research in Slovakia 
(Hell et al. 1980) 
The work summarised all gained knowledge about roe 
deer in Slovakia. It includes the taxonomy of roe deer with 
the information about the average weight of a roebuck 
and a doe, dimensions of a body of roe deer (a length, a 
shoulder height, a back foot length, an earlobe length), 
parameters of a skull, teeth, hair, an average height of 
antlers. It was stated that based on the body size and ant-
ler size Slovak populations of roe deer occur in the middle 
of the range determined for this species. The evaluation of 
the existence of two types of skulls in roe deer populations 
in accordance to the Frankenberg hypothesis revealed 
that all skull measures and indices of Slovak populations 
are within the natural variability without any extreme 
deviations from the anticipated normal distribution. 
Determining the age of roe deer on the base of growth 
layers in dental cement is objective, but much more diffi-
cult than in the case of red deer (growth layers are signifi-
cantly less visible and frequently branched and entwined 
together). When determining the age of caught roebucks 

on the base of pedicles it was concluded that using this 
approach we determine the number of antlers the caught 
buck had during its life. Hence, when determining the age 
in such a way, mistakes of one year more or less are possi-
ble. Roe deer antlers culminate in the 7th, 8th or 9th years 
of the bucks´ life if they are in good health conditions. 
The obtained results were used for the elaboration of the 
criteria for the selective cull in Slovakia. The analysis of 
the relationship of some craniological measurements and 
trophy quality of roebucks revealed that for the evalua-
tion of the roe deer value in nature not only antlers need 
to be taken into account, but also the body size together 
with the age, and health conditions. Roebucks with 
above standard long and wide skulls in their age class 
have better preconditions to grow capital trophies than 
the bucks with below standard skull sizes. Fast increase 
of the number of caught “golden” roebucks in SR was 
observed after the year 1960, which was most probably 
related to the increase of roe deer population size, but 
also to the establishment of the field eco-form in optimum 
nutritious conditions, and possibly to the enhanced man-
agement of roe deer from the point of caring, selection, 
and increased interest for trophy hunting. At the same 
time, the overview of “golden” roe trophies from the SR 
area is presented there.

Comprehensive elaboration of the issue should be 
highlighted. From the theoretical point of view, the work 
is valuable mainly because partial problems logically 
follow one after another, the level of the current knowl-
edge is characterised, the methodology of investigation 
is described, and finally new knowledge acquired dur-
ing the investigation is summarised. From the practical 
point of view, it is important that the proposals of the 
measures to enhance caring for roe deer in individual 
hunting grounds of SR are presented. At present, it is 
good that future research and practical implementation 
of measures can built upon this knowledge, which was 
missing in the hunting literature before. 

Large-scale ecological game management in hunting 
regions and localities (Hell et al. 2004) 
Game management specified for individual hunting 
grounds has caused great problems, particularly in the 
case of large game species. There are several reasons for 
this. First, natural areas of these species are large and 
frequently exceed one hunting ground (they often cover 
two or more grounds or their parts). Hunting grounds 
are small. Their borders insufficiently fulfil game man-
agement and ecological requirements. Game migrates to 
find food sources, for trophical reasons, as well as during 
rut. Due to these reasons, there are problems with game 
counting and planning of hunting, selection, feeding, etc. 
It was concluded that these problems could be resolved or 
at least significantly eliminated by large-scale ecological 
game management within hunting regions or localities. 
The presented work comprehensively solves this issue. 
The boundaries of hunting regions and localities were 
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newly defined. In each region, the current situation of 
game management and natural environment was ana-
lysed. Specifically, the carrying capacity of hunting 
grounds in individual hunting regions and localities was 
evaluated, and on the base of this standardised popula-
tion sizes were determined, as well as the measures to 
improve game management. The chapters about game 
management in individual hunting regions of red deer, 
roe deer, and small game, as well as in the localities for 
fallow deer and mouflon (in total there are 64 hunting 
regions, and 28 hunting localities) are the most impor-
tant parts of the publication. The greatest problem is 
that the population sizes of hoofed game in SR highly 
exceed standardised sizes, and hence they cause great 
damages on forest stands and agricultural crops. The 
situation of small game is opposite; the actual popula-
tion sizes are smaller than the standardised sizes. From 
rare species, chamois, wild cat, otter, capercaillie, black 
grouse, hazel grouse, and badger had lower populations 
sizes. On the contrary, population sizes of bear, wolf, lynx 
and fox species were higher. The proposal of organisa-
tion and management of hunting regions and localities 
was a very important part of the work. By implementing 
this proposal, it was planned that the actual population 
sizes of game would concord to the standardised sizes 
by the year 2025.

For the development of science and research, the work 
was valuable because it confirmed that the game should 
be considered as a natural source and as an important 
part of natural environment. Next, its utilisation needs to 
account for the ecological bonds with other components 
of natural environment. Game management should not 
disturb dynamic equilibrium in ecosystems. Biodiversity 
must be retained or promoted in both natural and artifi-
cial ecosystems, since it is a pre-condition for sustainable 
development.

The main practical benefit is the unambiguous defi-
nition of measures for game management not only at a 
level of SR, but also in hunting regions and localities. The 
work also presents a proposal of organisation and man-
agement of hunting regions and localities, which defined 
competencies and responsibilities of individual levels of 
state administration in hunting, as well as of hunting 
organisations and users of hunting grounds. Following 
the presented work, the concept of hunting development 
in SR, as well as changes in legislation, precisely in the 
law on hunting were suggested to be approved.

2.7. Natural environment
The selected works about natural environment focused 
on negative impacts of a complex of factors on soil. First, 
the attention is paid to the lands that were in the past 
degraded, became infertile, or were extensively managed, 
in order to enhance useful forest functions, to improve 
protection of natural resources, and to increase the 
cultural value of the landscape. Forestry research par-

ticipated in the delimitation of non-forest land, and its 
reclamation mainly by afforestation. In such a way, forest 
cover in SR increased, which strengthened the overall 
potential of landscape. Considering the fact that water 
erosion caused the greatest soil damages, the greatest 
attention was paid to this issue. The published works 
dealing with this issue were of high quality and gained 
international appreciation. They were valuable not only 
for FS, but also for agriculture and the whole country. 
Similarly, the outcomes of avalanche investigations can 
be positively evaluated. The works identified conditions 
for their establishment, and presented the proposals of 
avalanche control measures. It should be highlighted 
that forestry research also dealt with the importance 
and usage of greenery for the landscape formation and 
nature protection. It was a multidisciplinary approach 
that evaluated vegetation cover as an important com-
ponent of landscape formation and nature protection 
in greater or narrower contexts, and its importance for 
natural environment and usage in urban areas. 

Afforestation of non-forest land (Zachar 1965)
With regard to the land arrangement, an extensive action 
of delimitation of non-forest land and its afforestation 
was ongoing in CSR (according to the approved pro-
posal, 361 thousand ha of non-forest land were planned 
to be afforested in the years 1959 – 1980, out of which 262 
thousand ha were in SR). The goal of the action was to uti-
lise infertile or extensively managed, somehow degraded 
soils in the best possible way, to multiply useful forest 
functions, to improve and protect natural sources, and 
hence to increase the cultural value of our country. In 
most cases, the afforested non-forest land was the land 
that was degraded, unsuitable for agricultural produc-
tion, with extreme qualities. It is not needed to highlight 
that the establishment of forest stands at such sites is 
more difficult, which in the first years of this action led 
to the failures and losses due to the lack of experience. 

In the year 1961, RIFS initiated the investigation 
of the most suitable afforestation approaches, while in 
the years 1956 to 1960 the institute worked on the tasks 
about soil delimitation and erosion. The outcomes of this 
research are summarised in the publications of several 
authors, workers of RIFS (e.g. Zachar 1960; Kňazovický 
1962; Intribus 1964 etc.). The presented publication con-
tains mainly the outcomes of the research on afforesta-
tion of non-forest land in the years 1961 – 1963, although 
the author used literature sources of national and foreign 
authors and abundant experience of our forestry prac-
tice. The work first explains the term “non-forest land”, 
the types and the importance of afforestation, and then 
the attention is paid to the afforestation of non-forest 
land abroad and in CSR. From the point of classifica-
tion, non-forest land covers wind-blown sands, saline 
soils, weedy land, and land covered by various shrubs, 
abandoned land (in our conditions, the most difficult to 
afforest are erosion rills, scree flows, gorges), landslides, 
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waterlogged non-forest land, rocky and scree soils, land 
degraded by industrial activities, and areas above the 
upper timber line that need forest protection. General 
principles of afforestation described in the work include 
the selection and mixture of tree species, approach and 
method of afforestation, material for afforestation, soil 
preparation, establishment of forest stands using agri-
cultural cultures, soil amelioration for afforestation, soil 
compaction, afforestation techniques, seeding, planting, 
and protection of established stands.

The second part of the work describes special cases 
of afforestation, which are based on the biggest personal 
experience of the author. They include afforestation of 
not very fertile sandy soils, of saline soils, of abandoned 
land on dolomite bedrocks, limestone bedrocks, and 
other bedrocks, as well as afforestation at the upper 
timber line. For each case, tree species selection, affor-
estation approaches, avalanche control measures at 
afforestation, examples of afforestation and manage-
ment of established stands are discussed. The last part 
of the work deals with the afforestation of other types of 
non-forest land. The table of afforestation of non-forest 
land (clearings) at extreme sites give a valuable overview 
of the knowledge.

The work comprehensively presents the discussed 
issue, which is valuable from the theoretical and the 
practical point of view, and the knowledge can be directly 
implemented in the forestry sector. In accordance to its 
conclusions, the first pre-condition for successful affor-
estation is thorough knowledge of site ecological condi-
tions, as well as the knowledge of ecological demands 
of individual eco-types of forest tree species. The most 
important parts of the preparation works are soil prepara-
tion (treatment, amelioration, stabilisation, etc.) and the 
preparation of sufficient amount of high quality affores-
tation material. As the site becomes more extreme, eco-
logical conditions must be examined more thoroughly 
and soil must be prepared more carefully. The work is 
valuable not only for forest silviculture, but mainly for 
natural environment from the point of fulfilling forest 
functions (mainly protective functions).

Soil erosion, 2nd edition (Zachar 1970)
Soil erosion has long been a global economic problem. At 
the beginning, we need to point out that the author laid 
with his work (together with the 1st edition, but mainly 
with the extended English version “Soil erosion” (Zachar 
1982)) the scientific foundations of erodology (science 
on soil erosion) not only in Slovakia, but also in Europe. 
The second edition of the work consisting of seven chap-
ters and 172 sub-chapters first presents the terminology 
and classification of erosion events according to the fac-
tor, form, intensity of material loss (mainly soil), eroded 
soils, erosion residues, sediments, and classification of 
eroded soils. Author´s proposals of classification are in 
many cases original (particularly those devoted to the 
evaluation of soil erosion intensity), and they were also 

applied in the works of his successors abroad. Accord-
ing to the human impact and harmfulness, he divides 
erosion into natural – normal (harmless) and abnormal 
(harmful), and modified – accelerated and decelerated 
(both are harmful). The next chapter is devoted to the 
research methods of soil erosion – here the author speci-
fied and described 14 separate methods of erodological 
research (nivelation, volumetric, deluometric, irrigation, 
monolitic, pedological, morphometric, hydrological, 
vegetation, photogrammetric, historical, dephlametric 
methods, methods for mapping erosion events, and com-
plex methods), and he also applied some of them in his 
field or laboratory investigations.

The chapter about the results of the soil erosion inves-
tigation in SR is quite extensive – covering mainly the 
area of crystalline rocks in the Low Tatras, carbonate 
rocks of Kremnické vrchy, Brezovské Karpaty, Slovenský 
kras, then in the area of the flysch zone north of Prešov, 
of loess loam east of Sobrance, as well as the research 
from the cadasdre of Lučatín and Hiadeľ, from the sur-
rounding of Hriňovská dam, and other sites. On the base 
of the data from 60s of the last century, the work con-
siders that the area threatened by water erosion in SR is 
equal to 1.2 mill. ha (an underestimated value), which 
was 44.2% from the total area of the agricultural land, 
while wind erosion was a potential risk for 241 thousand 
ha. In the next chapter, the author evaluates the results 
of the soil erosion research in the Czech Republic, where 
it was assumed that water erosion threatened 21.5%, 
and wind erosion 12.2% of the total area of the country 
(in total 2.12 mill. ha of agricultural land in Czechia, and 
3.1 mill. ha including Moravia). The most detrimental 
erosion was observed on abandoned land, where erosion 
had a long-term impact. It was again confirmed that pas-
ture as a significant pre-condition of the occurrence of 
abandoned land reduces inhibitory effect of vegetation 
cover. At such land, the predominance of soil forma-
tion over its loss can be secured only by afforestation. 
The work presents a complex analysis and a summary of 
results, while a very valuable (quantitative and qualita-
tive) overview of soil erosion abroad – almost on all con-
tinents, is given at 50 pages before the overall conclusion.   

The work is more-less theoretical, but due to its quan-
titative but mainly qualitative analyses of soil erosion it 
greatly contributes not only to gaining new knowledge 
in erodology, but it is also a valuable basis for practical 
measures against erosion, above all afforestation. The 
work is illustrated with many photographs from the 
whole world and with a number of graphs. 

Avalanches (Kňazovický 1967)
The research of avalanches (driven by several disasters 
caused by avalanches in Slovakia) led to the publication of 
this monograph. The work comprehensively presents the 
knowledge about snow avalanches, about the research 
methods as well as about practical avalanche control. 
From the whole publication we mainly point out at the 
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chapters about snow and its transformations, about the 
cause and conditions of avalanche occurrence (balance 
of tensions in snow cover, causes of its breaching, mete-
orological conditions for avalanche occurrence, impact 
of terrain morphology on avalanche occurrence, analy-
sis of causes and conditions of avalanche disasters in the 
Alps in the year 1951), avalanche dynamics (movement 
speed and destructive dynamic influence of avalanches) 
and classification of avalanches. The most extensive part 
deals with meteorological and topographic conditions 
of avalanche occurrence in the Czechoslovak part of 
the Carpathians. The author performed a very valuable 
numerical (in a tabular form) and text hypsometric analy-
sis of slope conditions of individual orographical units, 
where avalanches frequently occur (Malá Fatra, Veľká 
Fatra, Nízke Tatry, Západné Tatry a Belianske Tatry), 
and of the sizes of avalanche areas (their total area was 
stated to be 12,529 ha), and present topographical char-
acterisation of important avalanche regions (the follow-
ing work of the author is the Atlas of avalanche routes of 
SR, 1979). The work also analyses which meteorological 
conditions are favourable for the occurrence of snow ava-
lanches in SR (on the base of the period 1951 – 1963), and 
examined the conditions of their occurrence in winters 
1955/1956 and 1961/1962.

From the practical point of view, as well as from the 
point of FS (mainly afforestation in the regions, where 
the upper timber line was lowered due to human impact), 
an important part of the work deals with avalanche con-
trol. It evaluates the purpose and the classification of 
avalanche barriers: snow retention structures (support-
ing walls, snow bridges, snow nets, support barriers); 
retardation structures (stakes, terracing, earth retarda-
tion mounds, rock and concrete retardation barriers); 
barriers affecting snow distribution (snow fences and 
wind baffles); barriers that stop and deflect avalanches 
(snow sheds and nets, avalanche ditches, snow breakers, 
walls and galleries).

An important part of the work comprises an exam-
ple of photogrammetric mapping of avalanche areas in 
Belianske Tatry, and an extensive appendix containing 
101 photographs, pen drawings, and graphs, while the 
most useful supplement is the one consisting of 13 tables 
of morphological and topographic characteristics of typi-
cal avalanche areas, each represented with an aerial pho-
tograph of the particular area of the high mountain range 
and its hypsometric (contour line) assessment. The work 
laid foundations of scientific analysis of snow avalanches 
and practical avalanche control, and had its continua-
tors at RIFS, and found its practical application in the 
Mountain Rescue Service (Centre of Avalanche Preven-
tion Jasná).

Importance and utilisation of greenery in landscape 
formation (Petrík 1977)
The complexity of relationships in the area of understand-
ing of human environment needs a multidisciplinary 

approach of its protection and formation. In this pub-
lication, the author evaluates landscape and vegetation 
cover as its important component in wider and closer con-
texts, its importance for environment, and application 
in urban areas. The work first analyses the relationships 
between landscape and urbanisation, defines landscape 
and its categories (natural landscape – forest and natural 
agricultural land, technical urban landscape - settlements 
and technical industrial landscape), as well as planning 
principles of landscape formation. A relatively extensive 
chapter is devoted to the importance and utilisation of 
vegetation in landscape formation. From the vegetation 
at open landscape, attention is paid to the vegetation of 
forested areas (from non-production forest functions it 
focuses on landscape formation functions – soil protec-
tion, soil formation, water management, reclamation, 
sanitation, refugial historic and climatic functions). 
Next, the work discusses vegetation of agricultural areas 
(permanent production crops – orchards, vineyards, 
hop fields; forest stands – mainly protective forest belts, 
accompanying vegetation of water courses and water 
areas – riverside stands), and specific parts are devoted 
to vegetation in protected landscape areas, and to vegeta-
tion in recreation and spa areas.

Following the general classification of vegetation, 
the publication deals with the structure of vegetation in 
urbanised environment (the relative, functionally linked 
structure of vegetation areas, the so-called efficient veg-
etation set, is decisive). The work presents the most 
frequent types of spatial distribution of vegetation areas 
– peripheral (circumferential), groupwise (patchy), cen-
tral, zonal, linear. A separate chapter focuses on the vege-
tation at housing estates with regard to their types, as well 
as on the vegetation in industrial urbanised units. The 
longest chapter of the monograph deals with the hygienic 
significance of vegetation and its utilisation in the for-
mation of urbanised environment. The work contains 14 
sub-chapters, which present the impact of vegetation on 
micro-climate (on air temperature and humidity - verbal 
and numerical characteristics are given in a tabular form 
separately for cold, slightly warm and warm regions; on 
air movement), and the relationship of vegetation to air 
cleanness in a town, and the impact of vegetation on noise 
absorption. The work uses national and international lit-
erature sources, and can be recommended as a practical 
tool for planning and execution of landscape formation 
using forest and non-forest tree species.

3. Conclusion
The goal of the presented paper was to select the works 
from a great number of publications prepared by former 
workers of RIFS in Zvolen that thoroughly (compre-
hensively) dealt with individual thematic areas, and are 
valuable for the development of science, research, and 
practical forestry, and are still up-to-date. 
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As we have already written, it is only a selection of 
investigated tasks. Many works could not be included 
due to the limited length of the paper, particularly bio-
logical works, which prevailed (e.g. from genetics and 
cultivation those that dealt with other tree species, selec-
tive trees, seed plantations; from forest silviculture those 
focusing on forest nursery management, establishment 
of forest stands, regulating growth processes of other tree 
species in stands; from forest protection those about seed 
protection, protection against game damage), and for-
est construction works. We also significantly reduced 
the important works from forest machinery and forestry 
economics. We wanted to point out at a wide range of 
problems, which need to be solved if permanent sustain-
able development of forests and FS in Slovakia is to be 
ensured. 

We think that even from the presented torso of inves-
tigated problems and achieved results we can conclude 
that the sectoral scientific base was in the past built to 
such a level that it significantly positively affected not only 
the development of forestry science and research, but also 
of forests and FS in Slovakia. Therefore, our ancestors 
deserve our great gratitude and respect for the performed 
work. Young generation should build upon what was 
achieved in the past, and where it is effective, they should 
continue in problem investigation. At the same time, the 
sectoral ministry should secure necessary financial and 
technical conditions for further development of research 
in FS.

acknowledgements
The research was supported by the projects APVV-14-0086 from 
the Slovak Research and Development Agency and also by grant 
“EVA4.0”, No. CZ.02.1.01/0.0/0.0/16_019/0000803 financed 
by OP RDE. 

references
Blattný, T., Šťastný, T., 1959: Prirodzené rozšírenie les-

ných drevín na Slovensku. Bratislava, SVPL, 402 p.
Cifra, J. et al., 1982: Výskum pestovania topoľov a vŕb 

na Slovensku. Bratislava, Príroda, 106 p.
Čapek, M., 1961: Přirození nepřatelé jedlových škůdců. 

Bratislava, Vydavateľstvo SAV, 158 p.
Čapek, M. et al.,1985: Hromadné hynutie dubov na Slov-

ensku. Bratislava, Príroda, 112 p.
Fekete, L., Blattný, T., 1913: Az erdészeti jelentŐségű 

fák és cserjék elterjedése a magyar állam terűletén. 
Banská Štiavnica. 

Fekete, L., Blattný, T., 1914: Die Verbreitung der for-
stlich wichtigen Bäume und Sträucher im ungar-
ischen Staate. Banská Štiavnica.

Greguš, C., 1969: Empirický ťažbový ukazovateľ v lesoch 
ČSSR. Bratislava, Vydavateľstvo SAV, 150 p.

Greguš, C.,1980: Výsledky rúbaňového hospodárstva 
na Výskumnej základni Biely Váh. Bratislava, 
Príroda, 231 p.

Greguš, C. et al., 1987: Stratégia lesného hospodárstva 
Slovenskej socialistickej republiky. Bratislava, 
Príroda, 107 p.

Greguš, C., 2008: Komplexná ťažbová úprava v dlho-
dobom rozvoji lesného hospodárstva na Slovensku. 
Zvolen, NLC, Lesy SR, š. p., Banská Bystrica, 132 p.

Greguš, C., 2016: Návrh ťažbovej úpravy v slovenských 
lesoch. Zvolen, NLC, 67 p.

Grék, J. et al., 1991: Zásady hospodárenia v lesoch Slov-
enska postihnutých imisiami. Bratislava, Príroda, 
101 p.

Halaj, J., 1963: Tabuľky na určovanie hmoty a prírastku 
porastov. Bratislava, SVPL, 327 p.

Halaj, J., 1976: Prebierky smrekových porastov ČSSR. 
Lesnícke štúdie 22, Bratislava, Príroda, 123 p.

Halaj, J., 1978: Výškový rast a štruktúra porastov. Bra-
tislava, Veda, 284 p.

Halaj, J. et al., 1987: Rastové tabuľky hlavných drevín 
ČSSR. Bratislava, Veda, 361 p.

Halaj, J., Petráš, R., 1998: Rastové tabuľky hlavných 
drevín. Bratislava, SAP, 325 p.

Hell, P. et al., 1980: Doterajšie výsledky výskumu srnčej 
zveri na Slovensku. Poľovnícke štúdie 7, Bratislava, 
Príroda, 158 p.

Hell, P., Konôpka, J., Sabadoš, K., Lehocký, M., Farkaš, 
J., Gašparík, J., Slamečka, J., 2004: Veľkoplošné eko-
logické obhospodarovanie zveri v rámci poľovných 
oblastí a lokalít. Poľovnícke štúdie 10, Zvolen, LVÚ, 
180 p. 

Holubčík, M., 1980: Provenienčný výskum smreka 
obyčajného (Picea abies Karst.) na Slovensku a jeho 
využitie v praxi. Lesnícke štúdie 33, Bratislava, 
Príroda 94 p.

Hromada, E., 1972: Analýza ekonomického vývoja les-
ného hospodárstva ČSSR A SSR. Lesnícke štúdie 9, 
Bratislava, Príroda, 149 p.

Intribus, R., 1964: Klíma v lesnom hospodárstve. Brati-
slava, SVPL, 180 p.

Jančo, J., 1977: Ťažba, sústreďovanie a odvoz dreva. Bra-
tislava, Príroda, 366 p.

Kern, J. et al., 1991: Technológia ťažbového a dopravného 
procesu buka s výrobou sortimentov na sklade dreva 
v areáli odberateľa. Lesnícke štúdie 49, Bratislava, 
Príroda, 93 p.

Kňazovický, L., 1961: Les, voda, pôda. Bratislava, SVPL, 
223 p.

Kňazovický, L., 1967: Lavíny. Bratislava, Vydavateľstvo 
SAV, 264 p.

Kňazovický, L., 1979: Atlas lavínových dráh SSR. HS 
SÚV ČSZTV a SŠP, 37 p.

Kohán, Š., Cifra, J., Haláth, J.,1981: Intenzívne spôsoby 
pestovania topoľov na Slovensku. Lesnícke štúdie 34, 
Bratislava, Príroda, 117 p.

Konôpka, J., Varínsky, J., Zúbrik, M., Bucha, T., Kulla, 
L., Konôpka, B. et al., 2013: Lesnícky výskumný ústav 
Zvolen. 115. výročie organizovaného lesníckeho 
výskumu na Slovensku. NLC-LVÚ Zvolen, 213 p.

177

J. Konôpka et al. / Cent. Eur. For. J. 64 (2018) 157–179



Laffers, A. et al., 1988: Cesty a možnosti záchrany 
a zachovania genofondu lesných drevín na Sloven-
sku. Zvolen, VÚLH, 94 p.

Leontovyč, R., Čapek, M., Charvát, K., Patočka, J., 
Turček, F., 1959: Ochrana topoľov. Bratislava, Pove- 
reníctvo pôdohospodárstva, 90 p.

Majkút, Š., 1973: Wood transport. Technika a technoló-
gia odvozu dreva. Lesnícke štúdie 17, Bratislava, 
Príroda, 86 p.

Midriak, R. et al., 1981: Diferencované obhospodaro- 
vanie lesa podľa integrovaných funkcií. Lesnícke 
štúdie 31, Bratislava, Príroda, 222 p.

Papánek, F., 1978: Teória a prax funkčne integrovaného 
lesného hospodárstva. Lesnícke štúdie 29, Bratislava, 
Príroda, 218 p. 

Patočka, J., Burgan, J., Čapek, M., Stolina, M., 1960: 
Die Tannenschmeterlinge der Slowakei. Bratislava, 
Vydavateľstvo SAV, 214 p. 

Patočka, J., Krištín, A., Kulfan, J., Zach, P. et al., 1999: 
Die Eichenschädlinge und ihre Feinde. Institut für 
Waldökologie der Slowakischen Akademie der Wis-
senschaften Zvolen, 396 p.

Pelcner, J., 1972: Plánovanie vlastných nákladov v les-
nom hospodárstve na úrovni lesného podniku a les-
ného závodu. Bratislava, Príroda, 166 p.

Petrík, Ľ., 1977: Význam a využitie zelene v tvorbe kra-
jiny. Lesnícke štúdie 26, Príroda Bratislava, 145 p.

Roško, P., 1970: Die Seilrückung des Holzes im Gebirges-
gelände. Lesnícke štúdie 6, Bratislava, Príroda, 112 p.

Škultéty, J., Ladziansky, A., Katreniak, J., Hell, P., 1974: 
Štúdie poľovníckej rajonizácie a bonitácie poľovných 
revírov Slovenska. Poľovnícke štúdie 2, Bratislava, 
Príroda, 104 p.

Štefančík, L.,1974: Vplyv prebierok na štruktúru, kvali-
tatívnu a kvantitatívnu produkciu bukových žrďovín. 
Lesnícke štúdie 18, Bratislava, Príroda, 141 p.

Team of authors, 1987: História lesníckej vedy a výskumu 
na Slovensku. Bratislava, Príroda, 280 p.

Václav, V., 1986: Diferenciálna renta v lesnom hos-
podárstve ČSSR. Bratislava, Príroda, 113 p.

Zachar, D., Kovácsová, K., 1968: Výskumný ústav les-
ného hospodárstva vo Zvolene. 70. Bratislava, SVPL, 
174 p. 

Zachar, D., Kovácsová, K., 1973: Výskumný ústav 
lesného hospodárstva vo Zvolene. 75. Bratislava, 
Príroda, 235 p. 

Zachar, D., Kovácsová, K., 1979: Výskumný ústav 
lesného hospodárstva vo Zvolene, 80. Bratislava, 
Príroda, 309 p.

Zachar, D., 1965: Zalesňovanie nelesných pôd. Brati-
slava, Slovenské vydavateľstvo pôdohospodárskej 
literatúry, 230 p.

Zachar, D., 1960: Erózia pôdy. 2. vyd., Bratislava, 
Vydavateľstvo SAV, 308 p.

Zachar, D., 1982: Soil erosion. Elsevier, Amsterdam, 
Oxford, New York, 547 p. 

178

J. Konôpka et al. / Cent. Eur. For. J. 64 (2018) 157–179



appendix tables

table a1. List of some selected (no longer living) workers of the Forest Research Institute in Zvolen, who elaborated significant 
works dealing with forests and forestry sector in Slovakia in the second half of the 20th century.

Personality name Activity area of a worker Main focus of a worker Activity period during 20th century
50. 60. 70. 80. 90.

Čapek Miroslav Forest protection and entomology Biological control of pests      
Greguš Tibérius Forest management Shelter-wood forestry      
Grék Ján Forest management Operational goals      
Halaj Ján Forest management Growth processes, biometry      
Hell Pavel Hunting and zoology Game management      
Holubčík Milan Biology, genetics, cultivation Genetic variability of spruce      
Hromada Eligius Forestry economics Complex economic analyses      
Jančo Jozef Forest machinery Wood felling and skidding      
Kern Jozef Forest machinery Wood yards, sorting      
Kňazovický Ladislav Natural environment Avalanche occurrence and consequences      
Kohán Štefan Forest silviculture Fast-growing tree species      
Laffers Anton Genetics and cultivation Eco-types of pine      
Leontovyč Roman Forest protection Diseases of fast-growing tree species      
Majkút Štefan Forest machinery Wood transport      
Papánek František Forestry economics Functionally integrated forestry      
Patočka Jan Forest protection and entomology Forest moth pests      
Pelcner Július Forestry economics Sector economics      
Petrík Ľudovít Natural environment Importance of greenery in landscape formation      
Roško Pavel Forest machinery Wood skidding, skylines      
Škultéty Jozef Hunting and zoology Biology of wild game      
Šťastný Tibor Biology, genetics, cultivation Genetics, cultivation of larch      
Štefančík Ladislav Forest silviculture Tending of beech stands      
Václav Vladimír Forestry economics Differential rent in FS      
Zachar Dušan Natural environment Ameliorations, soil erosion      

Explanatory notes:
A person was active at FRI during the whole decade.

A person was active at FRI during a part the of decade.

A person was not active at FRI in the particular decade.

table a2. List of abbreviations used in the text.
Abbreviation Meaning

CR Czech Republic
CSR Czechoslovakia – general term (regardless of the period) 
1st CSR First Czechoslovak Republic (period between 1918 and 1938) 
CSSR Czechoslovak Socialist Republic
FM Forest management 
FRI Forest Research Institute (name of the organisation used since the year 1991)
FS Forestry sector
IUFRO International Union of Forest Research Organizations
MDF Mass dieback of fir
MDO Mass dieback of oak   
MDS Mass dieback of spruce
RIFS Research Institute of Forestry Sector (former name of the organisation used till 1990)
SR Slovak Republic
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abstract
This work summarizes the history and development of the research on silviculture in the former Czechoslovakia. 
A different approach of the silviculture research reflecting various site conditions was presented separately for the 
Bohemian area (later Czech Republic) and Slovakia (later Slovak Republic). The research focused especially on spruce 
forests in the Czech Republic, and on pure and mixed beech stands in the Slovak Republic. The attention was also 
paid to the history of research institutions before and after the dissolution of Czechoslovakia. The results achieved 
so far have been analyzed with particular focus on silviculture of the two most significant tree species in the former 
Czechoslovakia, namely the Norway spruce and the European beech. At present, the two species dominate the tree 
species composition of both countries. The spruce comprises 50.5% of the forests in the Czech Republic, and 23.1% 
in Slovakia. The share of beech is 33.5% in Slovakia, but only 8.3% in the Czech Republic. In both countries, the 
share of these tree species has changed, in comparison with their original proportion. It is more evident in the Czech 
Republic than in Slovakia, especially in the case of spruce. For the two tree species, the most important results of a 
long-term research (including developed original thinning methods) were evaluated separately for each country. 
Key words: silviculture; Norway spruce; European beech; tending, thinning; production

Editor: Jiří Novák

1. introduction
Hundred-year long development of silviculture in the 
former Czechoslovakia – in the Czech Republic (CR) 
and the Slovak Republic (SR) – reflected specific natu-
ral and socioeconomic conditions. Czechoslovak forests 
occupied 4.601 million hectares (ha), i.e. a forest per-
centage of 36%. From this area, 2.627 million hectares 
were situated in the CR (a forest percentage of 33.3%) 
and 1.974 million hectares in the SR (a forest percentage 
of 40.2%) – (Poleno 1990). Former Czechoslovakia thus 
belonged to the most forested states of Europe (Poleno 
1990). All forest land was subject to delimitation both 
from the ecological and economic point of view. Since 
1960, all forests have been economically regulated irre-
spective of size and use. Forests in the CR and SR differ 
profoundly in their species composition. Coniferous spe-
cies (especially Picea abies [L]. Karst.) prevailed in the 
CR, while in the SR, broadleaved species predominated, 
especially Fagus sylvatica [L]. All forests in the former 
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Czechoslovakia were of exceptional importance as an 
irreplaceable component in the environmental conser-
vation and formation, i.e. forests fulfilled their economic 
and non-market forest functions (Poleno et al. 2007a).

An extensive expansion of the Norway spruce (Picea 
abies [L.] Karst.) outside its natural range in the past was 
determined by its favorable characteristics such as rather 
undemanding silviculture, fast growth, high production 
and quality of wood augmented by permanent demand 
for spruce timber (Poleno et al. 2009). In addition, it was a 
popular species for afforestation of clearings and artificial 
regeneration after clear-fellings. These facts resulted in 
its high representation in the species composition of the 
former Czechoslovakia forests and accounted for more 
than 40% of the forest area. According to the forest inven-
tory in 1980, the spruce represented 56% of forests in the 
Czech Republic and 26% in Slovakia (Mráček & Pařez 
1986). Podrázský et al. (2013) state that natural propor-
tion of spruce for the CR is 11.2%, but its current share 
is 50.5% (Green Report 2017). An increase in the spruce 
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percentage in the past – at the expense of other tree spe-
cies, especially beech – became evident mainly in Bohe-
mia. In the CR forests, the beech natural proportion was 
40.2% (Podrázský et al. 2013), while the current share is 
8.3% (Green Report 2017).

In Slovakia, the difference in the share of spruce and 
beech was not that prominent as in the Czech territory. 
First of all, no significant increase in spruce percentage 
was ascertained in comparison with its natural propor-
tion of 5.7% (Vladovič 2003) and its present share of 
23.1% (Green Report 2017). In the case of beech, its natu-
ral and actual percentage was 47.9% (Vladovič 2003) and 
33.5% (Green Report 2017), respectively.

The aim of this paper is to outline the history of silvi-
culture in the former Czechoslovakia with an emphasis 
on the research of spruce and beech stands cultivation in 
the CR and the SR.

2. History of silviculture in Slovakia
In Slovakia, silviculture has had a notable tradition since 
the times of the Austro-Hungarian Empire, i.e. even 
before the establishment of the Czechoslovak Republic. 
Its reputation was confirmed by the founding of the “Cen-
tral Forest Research Station” at the Banská Štiavnica 
Academy and of four other external research stations 
in 1898. The beginnings of research were initiated by 
owners of the forest and non-forest land in an effort to 
obtain information on how to establish and grow forests. 
Research carried out at these stations focused mainly 
on the issues of forests establishing, their regeneration, 
tending, acclimatization of exotic species (foundation 
of the arboretum in Kysihýbel in 1900), afforestation of 
non-forest soils etc. In 1923, it was officially renamed 
the State Forest Research Institute in Banská Štiavnica. 
Consequently, the Institute for Forest Silviculture and 
Biology and Experimental Forestry Station in Kysihýbel 
were established within the State Forest Research Insti-
tute’s structures. 

Silviculture conformed to the legislation of that time 
(forest law, guidelines, recommendations, guides, etc.). 
The book by a Czech forester J. Konšel (1931) – “A brief 
outline of the forest formation and silviculture” – helped 
Slovak foresters deepen their theoretical knowledge of 
silviculture (especially tending). After World War II, sil-
viculture and tending were paid even more attention to. 
In practice, the Schädelin crown quality thinning (1934), 
which was recommended mainly for broadleaved (espe-
cially beech) stands, arouse interest. From 1946 to 1947, 
S. Kriška wrote an university textbook “The Science of 
silviculture with forest aesthetics”. However, the text-
book was not published, so only a few foresters knew it 
and applied in practice. In 1952, J. Kňazovický published 
the book “Cleanings and thinnings”, which was actually 
the first Slovak book of its kind.

In 1952 – a significant milestone for silviculture in 
Slovakia – the University of Forestry and Wood Technol-
ogy (UFWT) was established in Zvolen. At the Faculty 
of Forestry, the Department of Silviculture employed 
important forestry experts (H. Bezačinský; A. Sokol; S. 
Kriška) who contributed significantly to a new textbook 
(Silviculture 1956). At the turn of the 1950s and 1960s, 
systematic research on silviculture in Slovakia began 
thanks to the researchers at the Faculty of Forestry of 
UFWT (Š. Korpeľ, J. Réh) and the Forestry Research 
Institute (L. Štefančík).

During this period, several permanent research plots 
were established to serve as the bases for the theoretical 
and practical development of silviculture in Slovakia. It 
was crucial to obtain knowledge on silviculture of particu-
lar tree species to maximize their production. Slovakia is 
characterized by very variable site and natural conditions. 
It was essential to take these differences into account and 
apply appropriately differentiated silviculture methods 
(Štefančík et al. 1985) on a site classification basis. Thus, 
management units were created that these presented 
parts of the forest with uniform natural conditions, stand 
conditions and same functional focus (Hančinský 1977).

Since the 1970s, forests dieback, caused by air pol-
lution, has become more evident, a phenomenon the 
silviculture research had to reflect (Grék et al. 1991). 
In the early 1990s, after the dissolution of the Czecho-
slovak Republic, silviculture research began to focus on 
close-to-nature methods of forest management and on 
intensive research of natural forests (M. Saniga), whose 
founder was a prominent Slovakian forestry researcher 
of international importance Prof. Š. Korpeľ.

Climatic change and its impacts have also been 
reflected in silviculture (Čaboun et al. 2008) resulting in 
development of methods to mitigate the impacts of cli-
mate change, with respect to the specific site and natural 
conditions of Slovakia.

3. History of silviculture in Bohemia, 
Moravia and Silesia
When the Czechoslovak Republic was established, the 
state became an owner of a considerable area of forests, 
the charge of which was entrusted to the Czech State 
Forests and Properties in Bohemia, Moravia and Silesia. 
This enterprise started to restrict spruce silviculture on 
unsuitable sites and to convert monocultures into mixed 
stands (Valdhauser 1926). Research activities in forest 
stands were carried out by the state research stations in 
Prague and Brno, established in 1886 and 1888 to pro-
vide experimental background for spruce silviculture in 
Bohemia, Moravia and Silesia. For example, the research 
institutes from Prague participated in the study of sil-
viculture of mixed spruce and beech stands situated in 
the Rezek experimental district in the Giant Mountains 
(Krkonoše) from 1886 until 1947 (Vacek 1996).
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In 1923, the Institute of Silviculture was established 
in Brno. Managed by Prof. J. Konšel, the Institute devel-
oped various methods of spruce cultivation, from estab-
lishing of stands, through their regeneration to tending 
(Zahradník 2001). In 1947, a research station for forest 
species breeding was set up in Kostelany, focusing on 
the silviculture of fast-growing tree species (willows and 
poplars). Consequently, the Research Institute for Silvi-
culture, Seed production and Nursery management was 
established in Opočno in 1951. In 1952, the stations and 
the Institute merged into the Forestry Research Institute 
in Zbraslav-Strnady. 

After the World War II, thanks to outstanding for-
ester Hugo Konias (Mottl et al. 1956; Poleno 1996), we 
observe significant development of the close-to-nature 
forms of forest management in CR, collectively referred 
to as the shelterwood system (Anderle 1949; Polanský 
1961; Mezera 1963; Čížek & Stone 1963; Peřina et al. 
1964). At this time, considerable attention was paid to 
systematic research on forest stands tending (Chroust 
1965; Pařez 1972).

Throughout the Eastern bloc, the period of 1965–
1985 can be described as an era of favouring technol-
ogy over ecology and the central harvesting model over 
decision-making in particular stands (Poleno 1996).

Air pollution calamity culminating in the 1970s and 
1980s provoked forestry research to act and publish 
numerous analyses of the pollution causes, undesirable 
development in progress and management proposals 
(Tesař 1976; Materna 1978; Peřina et al. 1984; Vacek 
& Lepš 1987).

After 1990, multiple works were published, reflect-
ing current ecological knowledge as well focusing on 
the issue of shelterwood, selection and close-to-nature 
management (Poleno 1997; Průša 2001; Poleno et al. 
2007a, 2007b, 2009; Souček & Tesař 2008; Bílek et al., 
2016). After 2000, considerable attention was also paid to 
the silviculture of forests in close connection with global 
climate change (Slodičák & Novák 2007a; Vacek et al. 
2016).

4. History of silviculture research on spruce 
stands in Slovakia
In Slovakia, research on silviculture of spruce stands 
started at the turn of the 1960s and 1970s, much later 
than in other European countries, e.g. in Germany, Aus-
tria, but also in the Czech Republic, where the attention 
was paid to the silviculture of spruce stands at the end of 
the 19th century (Slodičák & Novák 2007b).

The experiments in Slovakia, carried out in 1965, 
monitored spruce stands production (biomass) using 
various methods and mechanization of tending measures, 
especially in the small pole and pole stages (Korpeľ 1992). 
The impact of traditional, predominantly biologic-pro-
duction-oriented thinning methods (taken from abroad) 

with regular and relatively frequent (short) repetition of 
measures – following the rule: in time, moderately and 
more frequently – was monitored. At the same time, a new 
approach was examined as well. The approach was based 
on few concentrated measures leading to maximum tech-
nical and operational effect – following the rule: early, 
heavier and less frequently. The new methods of spruce 
stands tending were required by the contemporary social 
situation (labour shortage, demands on higher efficiency 
and practicality of the tending activity). Moreover, meth-
ods to achieve the best possible result not only in terms of 
production but also of economic efficiency, by means of 
suitable tending method in spruce stands, were sought. 
The research was focused on questions of the type and 
intensity of thinnings (Saniga 1985, 1996; Korpeľ 1992).

The first results of long-term research (a 22-year 
observation) in Slovakia were published by Korpeľ 
(1992), who compared the following thinnings in a 
26-year old spruce stand at an altitude of 500 m a.s.l. 
(a forest type group Querceto-Fagetum): moderate low 
thinning (B grade according to German Forest Research 
Institutes of 1902), heavy low thinning (C grade accord-
ing to the German Forest Research Institutes of 1902), 
Schädelin crown quality thinning (1934) and the control 
plot without any measures taken. In the comprehensive 
assessment, heavy low thinning was the most suitable as 
it maintained a relatively high volume and value produc-
tion. In addition, it also effectively increased the spruce 
resistance to abiotic factors. The author recommended 
the heavy low thinning to be applied as a first measure 
after the previous cleaning.

The moderate low thinning, which was often recom-
mended in the past, proved to be insufficient, especially 
from the aspect of static stability of the stand. Moreo-
ver, stability parameters (crown length, h/d1.3 ratio) 
were approaching the values found on the control plot 
(without measures). But in terms of volume production, 
it showed to be advantageous. Schädelin crown quality 
thinning also proved to be very suitable. The important 
aspect of this thinning is the number of target trees in 
favor of which the measures are carried out. At 400–500 
target trees per hectare, the thinning interval depended 
on the thinning grade (thinning intensity) to these trees, 
ranging from 5 to 10 years. Schädelin crown quality thin-
ning showed that thinning intensity of more than 20% 
(by volume) with an 8–10 year thinning interval, can be 
applied without any greater risk in the 3rd age class. This 
thinning method also had a beneficial effect on static 
stability to abiotic injurious agents and was also advan-
tageous in view of diameter, height and spatial differen-
tiation of the stand structure.

Korpeľ (1992) concluded that the crown thinning 
with positive selection is effective in terms of stand stabil-
ity but poses a greater risk for the stand immediately after 
the measure, because there is a significant proportion of 
relatively unstable trees from the 3rd tree class (intermedi-
ate trees) or other individual trees in the stand structure 
with their limited growth space. 
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Similarly, Saniga (1985) obtained nearly identical 
results after 20 years of applying the different tending 
method. Saniga proved that heavy low thinning had an 
apparent effect on the stand stability as early as in 10 
years time (two tending measures) and the stand sus-
tained its stability in the following period. The impact of 
the crown quality thinning was positively reflected on the 
spruce static stability even after 14 years (three tending 
treatments). Moreover, the stand stability significantly 
improved in the following period. For Slovak condi-
tions, the author recommended applying of the crown 
quality thinning with the rationalization variant – the 
target (crop) tree method. This method allows applying 
a combined measure into the crown level and partially 
into the suppressed level, not only to support target trees, 
but also to remove the unstable parts of the stand and 
thereby increase its stability. The 1st thinning should be 
carried out immediately at the beginning of the small pole 
stage (a mean stand diameter of 10 cm), by 25 years of 
the stand age at the latest. However, preceding tending of 
spruce stands by cleanings is a prerequisite for the proper 
thinning efficiency.

The above-mentioned procedures (methods) for 
stand tending were recommended in systematically 
tended stands, where favorable conditions had been 
created by thicket tending (cleanings) to achieve the 
demanded structure and ensure functional efficiency. 
However, heavier thinnings were not recommended for 
stands with neglected tending and with one layer struc-
ture.

In the late 1970s, research on spruce stands tending 
in Slovakia was carried out on several research plots in 
the framework of an IUFRO international experiment. 

Since the 1970s or the 1980s, a modern phenomenon 
of the 20th century began to manifest itself prominently – 
as continual damage and decline of spruce stands caused 
by air pollutants. This phenomenon significantly affected 
forest stands not only in the CR and Slovakia but through-
out Europe.

It should be stressed that this was a grave issue 
because of lacking experience in the management of 
such affected stands in Slovakia. Later, thanks to inter-
national scientific dialogue (especially with Germany 
and the Czech Republic), early results from the domestic 
research (Štefančík et al. 1987) and knowledge gained 
from the practice, the awareness and understanding of 
complex air-pollution issues deepened, which resulted in 
the initial proposals (instructions) for the management of 
forest stands affected by air pollutants (Grék et al. 1991; 
Kamenský 1993; Štefančík & Štefančík 1993).

In the early 1990s, almost all forestry research 
addressed a sole issue – how to minimize the negative 
impacts of polluted air on the forests of Slovakia. Here-
tofore, it was the most comprehensive research involving 
specialists from multiple scientific disciplines and for-
estry fields. It was necessary to reflect the fact of the great 
diversity of site and natural conditions of forests in Slo-

vakia. “Management models by forest areas of Slovakia” 
(Kamenský et al. 1996) resulted from the synthesis of the 
most comprehensive scientific knowledge and practical 
experience of forest management, or, to be more precise, 
the forest management planning and management prin-
ciples in forests affected by air pollutants. Štefančík et 
al. (1999) published the final report – the second com-
prehensive work dealing with forest-based preventive, 
adaptation and remedial measures aimed at reducing 
negative anthropogenic and abiotic injurious agents. 
The principles of tending and regeneration of forests 
affected by air pollutants (Štefančík & Kamenský 1999) 
formed a significant part of the results from the men-
tioned research. Results of the research conducted in the 
CR, summarized in the publication (Peřina et al. 1984), 
served as a valuable source of knowledge in those princi-
ples formulation. The extensive research helped to create 
an original tending method for young spruce stands, air 
pollution selection cleaning. Consequently, air pollution 
selection thinning was developed for small-pole and pole-
stage stands (Štefančík in Grék et al. 1991), which was 
derived from the free crown thinning (Štefančík 1984) 
supplemented with the principles of tending in the air 
pollution areas (Štefančík in Grék et al. 1991).

In the late 1990s, the situation significantly improved 
thanks to dramatical reduction of emissions in Slovakia 
(Štefančík & Kamenský 2010). Nonetheless some areas 
of Slovakia witnessed a massive dieback of spruce stands, 
probably caused by a complex of harmful agents (abiotic, 
biotic) and effects of a global climate change, which mani-
fests itself through extreme temperature fluctuations and 
intense weather changes during the year, among other 
things (Kulla & Sitková 2012). The phenomenon called 
modern spruce dieback, forced researchers to seek new 
or to modify existing tending methods of spruce stands. 
New methods help eliminate or reduce large-area dieback 
(decomposition) of spruce monocultures. In addition 
to that, another major issue occurred – game-induced 
damage, compelling the researchers to amplify their 
focus. Currently, the issue of game-induced damage is 
the most urgent forestry problem in Slovakia (Štefančík 
& Kamenský 2010, 2011; Kamenský & Štefančík 2011; 
Štefančík 2012).

Štefančík & Kamenský (2009, 2010, 2011) published 
recent research results on young spruce stands (16-year-
old thicket) situated in the areas struct by massive die-
back, where three variants of the tending measure were 
verified. First, 400 target trees per hectare were marked 
on one plot. Crowns of those trees were released by 
removal of competing individuals (Fig. 1). Stems of these 
target trees were protected by wire netting. The rest of 
the plot remained untreated. In the other two variants, 
the number of remaining individuals was reduced to 
1,600 trees.ha−1 and 2,000 trees.ha−1. The aim of this 
experiment was to verify whether such a radical measure 
in thickets does not cause subsequent stand damage in 
terms of abiotic but also biotic (game) injurious agents. 
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Therefore, it is important to emphasize that protection 
against the game (wire mesh for the stem protection), 
which usually damages the thickest and most vital trees 
forming the skeleton of the stand, is an inevitable part of 
such radical measures.

one year after applying the measure, the stands 
showed a favorable sign: strengthened static stability, 
which is of prime importance in spruce thicket when 
applying any measure. The values   of the slenderness quo-
tient (h100/d100) were 0.720 for the plot with the amount 
of 1,600 trees ha−1 of the remaining stand, or 0.731 for 
the plot with 2,000 trees ha−1.

After two years, the stands faced a significant attack 
of the game (damage by browsing and stripping). The 
least affected was the plot where only target trees had a 
preference during the measure. The worst damage was 
on the plot with density of 1,600 individuals per hectare. 
The number of damaged trees increased with the layer – 
it was the highest in the upper layer, lower in the middle 
layer and the lowest in the lower layer, as ascertained on 
all the plots.

Fig. 1. Plot with 400 target trees per hectare released by an 
intervention; the rest of the plot remained untreated. (Photo: 
Igor Štefančík).

The number of target trees was reduced (reflect-
ing bark-miner damage, snow-induced crown breaks, 
windthrows and game-induced damage that occurred 
despite mechanical protection), on all plots in the course 
of tree years after carrying out the measure. 

It should be concluded that reducing the number of 
trees to about 1,600 pieces per hectare appears to be too 
radical under the given natural and stand conditions.

Reduction to 2,000 or to 2,500 trees ha−1 rather than 
to 1,600 trees ha−1 appears to be more appropriate for the 
first tending measures in spruce stands when the thicket 
transforms into the small-pole stage. In view of the dam-
age in the reduced stand, the method, which releases 
about 400 target trees per hectare all over the crown’s 
perimeter and the remaining area is left untreated, 
appears to be more suitable. A timely, consistent and 
systematic tending of the thicket growth is an inevitable 
precondition for the use of the target trees method.

5. History of silviculture research on spruce 
species in the Czech republic
In the Czech Republic, the history of silviculture research 
in its broadest sense dates back to the 16th century, when 
different experiments of artificial regeneration of the 
spruce were carried out (Zahradník 2001). 

Continuous long-term silviculture research into 
spruce stands started after the founding of the Research 
Institute for Silviculture, Seed production and Nursery 
management in Opočno in 1951, carrying on a long 
tradition of spruce silviculture research. In Opočno 
region, numerous experiments with spruce silvicul-
ture were realized by V. V. Havelka (*1780, †1847), 
J. Bohutínský (*1850, †1930) and a co-founder of the 
research institute, a forest counsel H. Konias. Later, his 
collaborators (Mottl et al. 1956) evaluated the results of 
his varied methods of forest management. These results 
contributed significantly to increasing stability of largely 
unstable spruce stands.

In the following text, the history of spruce silvicul-
ture research is outlined by following sectors: forest 
seed production, nursery management, afforestation, 
tending, forest stand regeneration and silvicultural 
environmental research. Forest seed production covers 
the following issues: quantity and quality of spruce fruc-
tification in air polluted areas; methods of determining 
the quality of spruce seed; pre-sowing preparation of the 
long-term stored spruce seed; influence of the spruce seed 
origin and sorting on the seed quality and the dynamics 
of seedlings growth (Hrabí 1990; Procházková 2009). 
Nursery management research was focused mainly on 
various technologies of silviculture of bare-rooted and 
container-grown planting stock of spruce (generative 
and vegetative) from seedlings to saplings in various 
environmental conditions; irrigation and fertilization 
technology; verification of different types of packaging; 
quality of substrate for container filling and handling 
planting stock from the forest nursery to planting local-
ity (Lokvenc 1965; Dušek 1980; Jurásek 1988). These 
results helped to develop more efficient technologies of 
forest seedling and production of bare-rooted and con-
tainerized planting stock of Norway spruce.

Within afforestation, the research initially focused on 
the following issues: mountain locations and mountain 
forest/tree line; considering different types of container-
ized planting stock for different site and stand conditions; 
and on root system deformation during afforestation with 
containerized planting stock. Later the research focused 
on technologies of afforestation of areas affected by intro-
skeletal erosion; fertilization of forest cultures; morpho-
logical variability and diversity of mountain spruce popu-
lations; variability of the Norway spruce clones growth 
in mountain conditions; morphological and physiologi-
cal parameters of spruce planting stock growing using 
intensive technologies (Lokvenc 1963; Nárovec 1991). 
These results significantly facilitated more efficient tech-
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nologies of spruce afforestation in various environmental 
conditions.

A number of authors such as Vicena (1964), Pařez 
(1972), Chroust (1980), Slodičák (1987) dealt with pos-
sible influencing the stability of spruce stands through 
their tending and then with the increase of the threat-
ening risk of snow and wind damage to spruce stands 
caused by neglected tending.

Models of stand tending represent a practical output 
of current research on the tending of spruce and other 
major tree species stands. These models represent a set 
of instructions for carrying out improvement cuttings 
from the first tending measure to the end of tending 
(Slodičák & Novák 2007a). Models of stand tending in 
their present concept were first defined in Germany in the 
late 1960s (Abetz 1969); in our countries, Chroust (1976) 
contributed significantly to their introduction into prac-
tice. The first summarizing publications of these models 
appeared in Czechoslovakia in the late 1980s (Pařez & 
Chroust 1988). These works were followed by tending 
models designed on the basis of the evaluation of long-
term thinning plots at the Research station in Opočno 
(Slodičák & Novák 2007a). Current models are based on 
the differentiation of the tending by target management 
units (TMU) and their degree of threat by abiotic agents.

In addition to the essential influence of tending on 
stand stability and resistance to abiotic factors, it is 
important to mention its fundamental influence on the 
change of stand environment which results from changed 
radiation, thermal and water regimes of the stands. The 
most comprehensive overview of the so-called “ecologi-
cal effects” of tending measures carried out in spruce 
stands in the Czech Republic conditions is given in 
Chroust (1997). The influence of tending on the nutri-
ent cycle through the change in the litter amount and 
the rate of decomposition of organic horizons in spruce 
stands is the subject of intensive research (Podrázský et 
al. 2005; Dušek et al. 2009). These results contributed 
significantly to streamlining policies and procedures of 
tending and stabilization of spruce stands from juvenile 
to upcoming mature growth phases with emphasis on 
quality and safety of production and fulfillment of eco-
logical forest functions. 

The existing knowledge on the positive influence of 
tending on the health status of spruce stands was pri-
marily obtained in the areas of spruce decline, under the 
influence of air pollutants (Tesař 1976; Slodičák 1988). 
Although the air pollution rate has decreased consider-
ably since the turn of the 1980s and 1990s (Hůnová et 
al. 2004), the state of forest soils affects negatively the 
health status of forests until present (Vacek et al. 2015c).

However, radical tending measures at young age 
had an identically positive influence on the increment 
and stands health status (Tesař 1976; Slodičák & Novák 
2000) in all the experiments with tending of spruce stands 
and under the influence of air pollutants in danger zones 
C, B and A, at the 5th, 6th and 7th forest altitudinal zone 
(Fig. 2).

Fig. 2. Tending program for spruce stands (stand density ver-
sus upper hight) in the air pollution danger zone A, differenti-
ated by management units (MU 70, 72) for the 1st and 7th site 
class (Slodičák & Novák 2000).

Increased air pollution load at juvenile stages when 
Norway spruce is sufficiently vital does not usually cause 
significant damage or growth depression. Owing to the 
rapid growth of spruce thicket, penetration of air pollut-
ants decreases until the crowns create a canopy. At later 
stages, when the vitality of trees is decreasing, it is again 
necessary to utilize the effect of mutual shading (Slodičák 
& Novák 2000).

Research on forest stands regeneration initially 
focused on conversion of spruce monocultures into close-
to-nature stands on the basis of a typological survey. Prior 
to the spruce monocultures conversion, H. Konias tried 
to create a stand skeleton through crown thinnings. 
This stand skeleton consisted of strong trees with devel-
oped crowns, subsequently enabling him to work on 
regeneration from the inside without any serious risk. 
However, the attention was paid to the care of standing 
volume as it was an important part of the silvicultural 
system (Mottl et al. 1956). The knowledge on standing 
volume care confirmed that the absolute amount of cur-
rent increment depends on the crown size and structure. 
V. Zakopal continued in the pioneering work of Konias, 
who dealt with the conversion of the forests managed by 
clear-felling system to the selection forest, in a number of 
studies. Zakopal emphasized the wood production and 
continuous reproduction of the forest in his research 
and development of silvicultural techniques. At the same 
time, he elaborated shelterwood systems for managing 
spruce stands with maximum application of selection 
principles (cf. Zakopal 1965).

In the context of the increasing air pollution load, 
considerable attention was paid to the silviculture of 
stands with dominant spruce and under various condi-
tions of damage, threats and tolerance, especially in the 
Trutnov region (Tesař 1976; Tesař et al. 2011), in the 
1950s–1960s. During the 1970s and 1980s, the damage 
to spruce stands was increasing rapidly in the Sudeten 
Mountains. In connection with the experience from the 
Trutnov region, the health status, damage dynamics 
and stands decline, in relation to the air pollution eco-
logical conditions, were studied. The acquired knowledge 
helped to define the symptoms of damage (Vacek 1992), 
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manifestations of insufficient fructification (Jurásek et 
al. 1982) and possibilities of artificial forest regenera-
tion (Lokvenc 1978). The primary task was to enhance 
provision of basic ecological functions resulting from the 
simple existence of a forest (Vacek & Lepš 1996). There 
were also significant soil changes, resistant to traditional 
silviculture techniques of ensuring ecological stability of 
forest stands (cf. Peřina et al. 1984). In particular, liming 
and fertilization (Podrázský et al. 2003) and technologies 
based on gentle treatment of soil surface that do not cause 
intro-skeletal erosion (Šach 1990; Vacek et al. 2003) have 
been tested. These results contributed significantly to 
optimizing the regenerative processes in spruce forest 
stands, extending their life in anthropogenic environ-
mental conditions, and to alleviating various types of 
disturbances in forest ecosystems. 

First of all, it was necessary to stabilize forests and 
ensure ecological and environmental functions in moun-
tain forests (Vacek et al. 2013). This necessity resulted 
from the economic problems primarily caused by air pol-
lution effect. Practical foresters expected scientific assist-
ance in dealing with provision of forest water manage-
ment functions. Under the direction of V. Krečmer and V. 
Peřina, an extensive demonstration object was built in the 
catchment area of Šance water reservoir (Krečmer 2007). 
A unique ecological silvicultural experiment managed by 
P. Kantor came from the same initiative and was located 
in the Orlice Mountains (Kantor 1983). He monitored the 
hydric effects of spruce and adjacent beech stands, from 
the mature stand to juvenile stages. Based on numerous 
experiments, methods for the management of forests 
with water management functions were developed (Šach 
et al. 2007). For the sake of nature conservation, site and 
stand conditions as well as methods on close–to-nature 
forest management were studied in specially protected 
areas (Vacek et al. 2012). These results served as the basis 
for the creation of differentiated silvicultural practices in 
spruce forest stands, especially in mountainous areas, 
with an emphasis on priority of ecological and environ-
mental functions of the forest. 

Moreover, the damage dynamics of spruce stands 
caused by rime in the Orlice Mountains (Kadlus & Říha 
1971) was studied in detail, which laid a partial basis 
for the stabilization of the natural spruce management. 
Podrázský & Remeš (2005), Podrázský et al. (2011), 
Kacálek et al. (2013) dealt with negative impact of spruce 
monocultures on the soil environment compared to other 
coniferous or deciduous tree species. These results 
incited a new approach in stabilizing of spruce manage-
ment, especially in juvenile growth phases consisting 
primarily in the care of long enough crown with rich 
assimilation apparatus.

 

6. History of the silviculture research 
on beech stands in Slovakia
In Slovakia, professional tending of beech stands has a 
shorter tradition than, for example, in France, Denmark, 
Switzerland or Germany (Štefančík 1964, 1966, 1974, 
1978, 1985). Tending of beech stands was virtually car-
ried out only on the basis of foreign knowledge, creating 
the need to verify it under our conditions, and to establish 
domestic research. This intention was realized only in the 
late 1950s. A program of systematic research on beech 
stands tending was prepared at the Research Institute 
for Forestry (RIF) in Zvolen, in cooperation with UFWT 
in Zvolen. 

The aim of this research was to obtain exact know- 
ledge of natural conditions of Slovakia. In the case of thin-
nings, the main objective was to find out which selection 
and thinning method is the most suitable for beech stands 
under domestic conditions. Initially, research focused 
on unmixed beech thicket which was systematically 
neglected in tending (Réh 1968, 1969), or more precisely, 
on the small-pole and pole stage (Šebík 1969; Štefančík 
1974). Within the research, all the basic silviculture and 
production issues of thinnings started to be investigated. 
At the beginning, this was mainly the question of the type 
of thinning (low thinning, crown thinning); the selection 
method (positive, negative) and the structure of unmixed 
beech stands; later, researchers concentrated on of the 
thinning intensity, i.e. strength, intensity and time inter-
vals between thinnings.

In our economic conditions, the tending effect of two 
grades of the low thinning (B and C grade according to 
German Forest Research Institute from 1902) and two 
crown thinnings (Schädelin quality thinning and free 
crown thinning by Štefančík [1984]) were examined.

In Slovakia in the 1960s, Prof. Dr. L. Štefančík devel-
oped an original thinning method – free crown thinning 
(Štefančík 1984), which started to be applied in research 
in 1958, and successful testing facilitated its pathway into 
forestry practice as well. It became known as Štefančík’s 
free crown thinning (Poleno et al. 2009) and is included 
among modern (new) methods of thinning in beech 
stands (Korpeľ et al. 1991). This method has also received 
favorable response and recognition abroad (Assmann 
1978; Poleno et al. 2009).

The free crown thinning (Štefančík 1984) showed to 
be especially suitable for pure beech stands in Slovakia. 
Typically for this method, the measure is carried out in 
the crown and suppressed layer, i.e. throughout the stand 
profile (Table 1), which differs, for example, from the 
Schädelin quality thinning (1934).
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The main objective of this method is cultivation (sup-
porst) of the so-called trees of selective quality, i.e. prom-
ising and target trees. Nevertheless, trees in the crown 
and suppressed layer of the stand are provided for as well. 
Thinning combines five independent methods of selec-
tion. The positive (basic) selection in the crown level pre-
ceeds other four selections – positive in the suppressed 
layer, negative, sanitary and mature, which cultivate trees 
throughout the stand (Table 1). The number of target 
trees is set by a model and refers to the rotation age.

The results from the long-term experiments in 
beech stands, where Štefančík’s free crown thinning 

was applied, were summarized by Štefančík (2015). It 
is evident from the last measurements that the highest 
values of quantity production (basal area, merchantable 
volume) were found on the control plots (without treat-
ments) and on the plots with the heavy low thinning (C 
grade according to the German Research Institute of 
Forestry in 1902) (Fig. 3).

In terms of quality production, which is best repre-
sented by the number and production of target trees, the 
best results were definitely achieved by Štefančík’s free 
crown thinning (Fig. 4).

table 1. Silvicultural analysis of the free crown thinning according to Štefančík (Štefančík 1984).

Selection method Object of treatment in the stand layer 
(tree class) Purpose of treatment

Positive in the crown layer
dominant and co-dominant trees (1–2)

cultivation of trees of selective quality
 – release of lateral space of their crown

sub-dominant trees (3)  – release of the space of lower part of their crown
suppressed trees (4–5)  – removal of individuals lashing their stem

Positive in the suppressed layer sub-dominant and suppressed 
trees (3–5)

Removal of undesirable trees 
from the viewpoint

of 

 – their mutual spacing, i.e. thinning of supressed 
layer, assurance of tenting and protective func-
tion of this component

Negative dominant, co-dominant, 
sub-dominant 

and suppressed trees (1–5)

 – the quality of their stem and crown; improve-
ment of the mean mass quality and assurance 
of potential substitutes for cancelled trees of 
selective quality

Sanitary  – health state; increasing of the stand resistance 

Relatively mature  – tree species; increasing of the production of 
tree species desirable from economic aspect

Explanatory notes: 0 – control plot; C – low thinning; H – Štefančík’s free crown thinning.

Fig. 3. Stand parameters (basal area – left) and (merchantable volume – right) of the main stand after the last measurement on 
seven experimental plots.
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Fig. 4. Number of target trees per hectare aged between 83 and 105 years on seven experimental plots.
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7. History of the silviculture research on 
beech stands in Bohemia
Initially, natural regeneration of pure and mixed beech 
stands with dominant European beech was researched, 
in particular (Peřina et al. 1964; Kadlus 1967). Attention 
was also paid to the conversion of clear-cutting system 
to the selection one; not only to regeneration felling and 
natural regeneration development, but also to the study 
of increment and obtaining promising material for grow-
ing valuable beech and oak assortments and increasing 
of the total production of deciduous stands (Zakopal 
1968; Mareš 1970; Peřina et al. 1978). There was a need 
to address nursery issues, especially of growing rich-root-
system planting stock material and container-grown 
plants as well (Dušek 1963; Lokvenc & Skoupý 1967).

Interest in research of pure and mixed beech stands 
with beech increased in connection with the significant 
impact of air pollutants on forest stands in the 1970s, 
especially with efforts to increase ecological stability of 
forest stands. At that time, a number of research projects 
addressed research of the beech in the following fields: 
forest seed production, nursery management, afforesta-
tion, tending, regeneration, structure and development, 
health status and forest functions in various site and 
stand conditions (cf. Peřina et al. 1984). 

Researchers examined the quantity and quality of 
beech fructification (Procházková et al. 2002; Vacek & 
Hejcman 2012) and also the pre-sowing preparation 
of beechnuts (Hrabí 1992). In forest nursery manage-
ment, mainly issues of various methods of growing beech 
planting stock in forest nurseries, including its succeed-
ing growth monitoring in plantations, were investigated 
(Jurásek 1990; Nárovcová & Jurásek 2007). Attention 
was also paid to the technology of beech propagation by 
cuttings, their artificial planting and succeeding growth 
(Jurásek & Leugner 2009). The results helped to stream-
line the technology of forest seedling and nursery produc-
tion in times of considerable lack of beech seed during 
air pollution calamity, when beech trees were infertile 
for almost 15–18 years. 

Within the context of afforestation, research focused 
on different beech populations and planting technologies 
and on the protection of different types of planting stock 
material and support of its growth in the clearing areas 
and under the stands (Lokvenc & Vacek 1991; Balcar 
& Hynek 2000; Špulák et al. 2010). In the case of beech 
stands tending, researchers tested various methods of 
tending of predominantly young stands with emphasis 
on their spatial distribution, coenotic position, quality of 
production and radial growth (Novák et al. 2015; Remeš 
et al. 2015). These results contributed to the optimiza-
tion of specific silviculture procedures for beech stands 
in different habitat and stand environmental conditions. 

In the study of structure, production and regenera-
tion of beech stands, the research focused mainly on five 
areas: quantity and quality of beech production (Souček 
2007), structure and biodiversity of beech stands (Vacek 

et al. 1996a, 2014b, 2015; Dobrovolný 2016), modelling 
of structural parameters in relation to beech stands man-
agement (Sharma et al. 2016, 2017), natural regenera-
tion of the beech (Vacek et al. 1999, 2017; Špulák 2008; 
Dobrovolný & Tesař 2010; Bílek et al. 2014) and game 
damage of regeneration (Vacek et al. 2014a; Ambrož et 
al. 2015).

A detailed analysis of beech natural regeneration 
was carried out in the Voděrady beechwoods, National 
Nature Reserve (NPR), located in the University For-
est Kostelec nad Černými lesy. There are close-to-nature 
beech stands, which were left to self-development in the 
1950s. At present, we observe an emerging decay of 
the upper stand storey and the appearance of gaps and 
suitable conditions for the natural regeneration of these 
stands as well. An emphasis was placed on the analysis 
of the heterogeneity of the micro-site conditions and the 
competition of ground vegetation in gaps, which origi-
nated from the natural dynamics of the studied stands. 
Both the greatest coverage of natural regeneration and 
the highest density of individuals from regeneration were 
found in small gaps. A slightly lower regeneration den-
sity was found in big gaps, while the regeneration density 
under closed canopy was 5–10 times lower than in small 
gaps (Fig. 5). The coverage of the beech natural regenera-
tion and the diameter and height of the beech dominant 
individuals were positively correlated with the relatively 
scattered sunlight, but negatively correlated with the 
coverage of the ground vegetation.

Fig. 5. Height classes of the beech natural regeneration under 
the canopy and gaps of various sizes (Bílek et al. 2014).

Research on the optimization of ecological and eco-
nomic parameters of beech stands tending confirmed not 
only the crucial importance of the coenotic position of 
trees in the stand to their diameter increment, but also 
the importance of selected climatic factors. The results 
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confirm that crown tending of the beech is not only a 
suitable means for an increase in value increment, but 
also a suitable measure to reduce the negative impacts 
of extreme climatic events (Remeš et al. 2015).

Significant research attention was also paid to the 
study of site conditions and functions of forests in stands 
with the dominant European beech. Podrázský (1996); 
Matějka et al. (2010); Špulák et al. (2016) researched 
soil and vegetation conditions in beech stands. Podrázský 
et al. (2003, 2005); Vacek et al. (2009); Černohous & 
Kacálek (2008) studied the problems of fertilization, lim-
ing and various methods of amelioration of forest stands. 
Vacek & Jurásek (1985); Králíček et al. (2017) investi-
gated the health status of beech stands. Kantor (1981, 
1984); Kantor et al. (2009); Švihla et al. (2012) studied 
hydric regime issues in beech stands. These results sig-
nificantly contributed to the strengthening of production, 
ecological and environmental functions of forest stands 
in the context of specific technologies of silvicultural 
management. 

8. Conclusion
The analysis of spruce stands tending in Slovakia and 
the Czech Republic implies that tending must start dur-
ing the youngest growth stages. Tending of the thicket, 
decisive for building the stand static stability, as well 
as for the arrangement of the species composition (in 
mixed stands), is particularly necessary. Research results 
showed the importance of early and sufficiently intensive 
tending for achieving the desired structure and ensuring 
favorable static stability, or more precisely forest stands 
protection against anthropogenic and abiotic injurious 
agents. Crown thinnings with positive selection proved 
to be the best.

A long-term systematic research (for more than 50 
years) on phytotechnics and silviculture-production 
issues in beech tending in Slovakia proved crown thin-
nings to be the most suitable measure from the selective 
methods, or, more precisely, the thinnings based on the 
positive selection from the crown level. These thinnings 
are the most suitable from the view of cultivation the 
quality production and of the stands safety during the 
thinnings periods. The free crown thinning (Štefančík 
2015) proved to be the best for tending of beech stands 
under Slovak conditions. Low thinnings showed to be 
less suitable for beech stands, especially from the qualita-
tive point of view. The verification of the tending results 
of beech stands in the Czech Republic was based on long-
term results from Slovakia with similar findings.

In conclusion, we might sum up that the main silvi-
cultural research topics in the Czech Republic have been 
investigated at the Research Station in Opočno, follow-
ing extensive practical experience and experiments of H. 
Konias who advanced close-to-nature methods of forest 
management. Here, in cooperation with other institu-

tions and forestry faculties, a unique forest silviculture 
school began to form, significantly influencing silvicul-
ture of forests in both countries. Owing to this, a number 
of key monographs have been published, inspiring and 
determining silviculture of forests in the Czech Republic 
and, within the cooperation of both nations, in Slovakia 
as well. 

It is gratifying that even after the splitting of Czecho-
slovakia on December 31, 1992, after 74 years together, 
cooperation in the silviculture research between two 
countries has continued very closely, as evidenced by 
numerous workshops and the annual joint conferences 
of silviculturalists.
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abstract
Restitution of private land ownership has been a major undertaking influencing the forest sector in many post-com-
munist countries. The Czech Republic and Slovakia are typical representatives of the countries where major societal 
changes have taken place since the fall of communism in 1989, including the restitution process of the nationalized 
property. The aim of this article is to analyse the process of the forest land restitution with the emphasis on common 
and different features between the two countries. Based on a critical evaluation of published reports, articles and valid 
legislation, the course of the restitution process and its current state and situation in the Czech Republic and Slovakia 
are described. The restitution of the property collectivized by the communist regime, including forest property, was 
enabled by the federal law in both countries. Even after their split in 1993 the restitution process unfolded in a similar 
way in both states, with the notable exception of church property in the Czech Republic. Unlike Slovakia, a country 
with high religious predominance, where the church property restitution was resolved almost immediately, in the 
Czech Republic the legislation governing the church property restitution was not issued till 2012. In both countries 
the restitution process resulted in the differentiation of forest land ownership, now presenting challenges for the 
formulation of forestry policies. In terms of forest management and protection, the most problematic are small-scale 
forest owners who have lost ties to their restituted forest property and cannot or do not want to manage it. 
Key words: legislation; economic in transition; forest land; forest owners; implementation deficits; restitution

1. introduction
In the late 1980s and early 1990s, a substantial part 
of the countries of Central and Eastern Europe (CEE) 
underwent fundamental societal changes leading to 
the democratization of society. One of the many visible 
impacts was the return of state-confiscated property to 
original owners. This process, commonly known as res-
titution of property, is not only privileged in this part of 
Europe. Similarly, property was returned after the end 
of apartheid in South Africa (see e.g. Christopher 1995; 
Fraser 2007; May & Lahiff 2007; Fay 2009; Barry 2011); 
the complex of housing, land, and property restitution 
related to civilian population dislocation during armed 
conflicts in Liberia, Sierra Leone, Somalia, Angola, 
Mozambique, Uganda, Ethiopia, Kenya, Sudan, East 
Timor and Colombia has been analysed by Unruh (2014).

*Corresponding author. Vilém Jarský, e-mail: jarsky@fld.czu.cz, phone: +420 224 383 708
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Restitution of forests acknowledges the continuity 
of private ownership rights on forestland in rendering 
them to the former owners or their heirs and/or to local 
communities and institutions (Schmithüsen & Hirsch 
2010). By restitution “prior claims of property owner-
ship are honoured against current, competing claims” 
(Fisher & Jaffe 2000).

From a sectoral point of view (Giessen & Krott 2009), 
there is a scholarly debate about restitution, decollec-
tivisation and related land fragmentation rather in CEE 
agricultural (rural areas) sector (Kopeva et al. 1994; Yar-
nal 1994; Born 1997; Lerman 2001; Blacksell & Born 
2002; Johannsen 2003; Pašakarnis et al. 2013; Roose 
et al. 2013; Bański 2017), including some qualitative 
studies (Di Falco 2010; Grubbström 2011; Grubbström 
& Sooväli-Sepping 2012), or in forestry as a part of the 
agricultural sector (Hedin 2005; Premrl et al. 2015). 
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An in-depth analysis of the land reform in CEE coun-
tries has been performed by Hartvigsen (2013, 2014) 
who distinguished two fundamentally different overall 
approaches to land reform in the CEE countries – resti-
tution of land rights to former owners (four approaches) 
and distribution of land rights to the rural population 
(two approaches). Until quite recently, there had been 
only few studies (e.g. Lazdinis et al. 2009) dedicated to 
the analysis of the restitution process in forestry sector. 
A significant shift in this context were the outputs of 
the European COST project FP1201 FACESMAP pub-
lished as a set of national reports (Živojinović et al. 2015) 
including the Czech republic (Jarský et al. 2015) and Slo-
vakia (Ambrušová et al. 2015). The project was focused 
on changes in forest ownership and their impacts on for-
est policy and forest management. It has been shown that 
in the countries of Central, Eastern and South-Eastern 
Europe, the restitution process was the most significant 
cause of changes in the ownership structure of forests 
after 1990 (Živojinović et al. 2015).

The Czech Republic and Slovakia are countries con-
nected from the past – geographically, politically and 
linguistically. They were part of the Austro-Hungarian 
Empire, which had its impact on the forestry sector, 
including forestry education. However, it is essential that 
in the years 1918 – 1992 (with the exception of World 
War 2) a common state was formed – Czechoslovakia. 
Together they have gone through all the socio-political 
stages since 1945, from post-war revival, communist 
coup, to political liberalization, normalization up to 
democratic changes in 1989. On the basis of a mutual 
political agreement, in 1993 two independent states 
have emerged – the Czech Republic and Slovakia. Both 
countries are typical representatives of the CEE countries 
where major societal changes have occurred since 1989, 
including the restitution process. 

Leaving behind the property changes in the period 
of the Protectorate of Bohemia and Moravia or the 
Slovak State, the process of nationalization of forests 
was very dynamic after 1945. Significant in this sense 
was the Decree of the President of the Republic No. 
12/1945 Coll., on confiscation and accelerated division 
of property of Germans, Hungarians and enemies of the 
republic, on whose basis 1.08 million ha of forests were 
expropriated and allocated to the state and to units of 
territorial self-administration and forest cooperatives. 
Act No. 142/1947 Coll., on the revision of the first land 
reform, affected all estates with an area over 50 ha. This 
involved the nationalization of approximately 450,000 
hectares of landowners, church and endowment forests. 
By Act No. 143/1947 Coll. 50,000 ha of forests of the 
Schwarzenberg family were taken over by the state. Act 
No. 46/1948 Coll., on the new land reform, transferred 
to the state ownership another approximately 70 000 
ha of land and residual forests. This meant that – apart 
from small forests – the private sector in forestry was 
virtually eliminated. By Act No. 279/1949 Coll. and the 

subsequent Government Decree No. 90/1950 Coll., on 
the administration of national property by national com-
mittees, the state took over most of the municipal and 
urban forests, with the exception of several cities such as 
Prague, Brno, Tábor, Písek, Kutná Hora or Přerov. These 
cities passed their forest property to the state between 
1954 and 1963, and particularly in 1958. 

The Government Decree No. 81/1958 Coll., on the 
management of national property, nationalized the for-
ests of cooperatives and other entities. Thus, in the Czech 
lands, the total area of state forests reached 2,574,000 
ha. Under Acts No. 166/60 Coll. and No. 61/1977 Coll. 
all forests managed by the agricultural cooperative were 
transferred to the state. Similarly, other small forest own-
ers were forced to give their forests to the use or owner-
ship of the state. 

The aim of this article is to analyse the implementation 
process of the restitution of the nationalized forests in the 
Czech Republic and Slovakia with the emphasis on com-
mon and different features between the two countries. 
We ask the question whether or not the common start-
ing point (legislation) has led to different outcomes and 
implementation deficits. The restitution process began 
during a brief existence of post-communist Czechoslova-
kia and continued after the separation of Slovakia from 
the Czech Republic with different pace and development 
in each country.

2. Material and methods
The main research method that was used was document 
content analysis. Policy analysis was used in order to ana-
lyze the process of the restitution (Windhoff-Heritier 
1987; Schubert & Bandelow 2003; Šálka 2006). Policy 
outputs in form of legislative acts, sub-statutory acts 
and official ministry documents were analyzed in order 
to describe the institutional context of the restitution 
process. Content analysis allows making replicable and 
valid inferences from data to their context. Thus, content 
analysis is all about making valid, replicable and objective 
inferences about the message on the basis of explicit rules 
(Stemler 2001). Following steps we applied: 
Formulation of the research question and objectives: The 
research question is whether or not the common history 
led to the same (or similar) current situation (from the 
restitution process point of view). One of the important 
bullet points within the changes after 1989 was the recov-
ery of the private ownership, including the forest land. 
Such situation could be analyzed formally or informally. 
The formal analysis consists in a critical evaluation of 
officially published reports or is performed on the basis 
of an analysis of valid law, not field research or evalua-
tion using sociolinguistic research methods such as e.g. 
opinion polls, etc. (Potter & Levine-Donnerstein 1999). 
In the article the formal analysis was used, although of 
course any formal tools are strongly influenced by infor-
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mal relations between actors, which was not the purpose 
of this study.

Selection of sample. The focus was put on the legisla-
tion regulating the restitution process in Czech Republic 
and Slovakia complemented by relevant grey literature 
and scientific papers. Legal acts regulating the restitution 
process and official ministry documents were the main 
information sources (Table 1).

table 1. Analyzed policy documents.
Czech Republic Slovakia

Acts

Act no. 403/1990 
Act no. 87/1991 of the Coll. 
Act no. 172/1991 of the Coll.
Act no. 229/1991 of the Coll.
Act no. 212/2000 of the Coll. 
Act no. 428/2012 of the Coll. 

Act no. 138/1991 of the Coll. 
Act no. 229/91 Coll. 

Act No. 282/1993 Coll.
Act no. 503/2003 of the Coll. 

Official documents
Information on Forests and Forestry in 
the Czech Republic (annual) 
Kubačák & Jacko 2012

Reports on the Forest Sector of the Slovak Republic (Green report) (annual)
Report on the transformation of property and management rights to forest land (annual) 

table 2. Analyzed scientific and technical documents.
SCI articles on restitution and transformation process Grey literature 

Czech Republic
Kupčák 1998; Bičík & Jančák 2003; Kupčák 2005, 2007; Bartušková & 
Homolka 2009; 
Jarský et al. 2015

Řezáč, 1999; Oliva 2004; Šímová, 2006; Jiráček, 2011; Lasák 2012; 
Slavinger, 2013; Zeman 2015

Slovakia Ilavský 2001; Sarvašová & Tutka 2005; Šulek 2006; Ambrušová et al. 2015 Klacko 1993; Bútor 1999; Hatiar et al. 1994; Fischer 1995, 1999; Scheimer 
& Hatiar 1999; Ilavský 2004; Vyhnálik 2004

CEEC-SEE

Johannsen 2003; Bouriaud & Schmitthusen 2005; Dawidson 2005; Hedin 
2005; Schwartz, 2006; Kuemmerle et al. 2007; Paladinić et al. 2008; Laz-
dinis et al. 2009; Di Falco et al. 2010; Grubbström 2011; Weiss et al. 2011; 
Grubbström & Sooväli-Sepping, 2012; Knorn et al. 2012; Hartvigsen, 
2013; Paladinić 2013; Roose et al. 2013; Hartvigsen, 2014; Pöllumäe et al. 
2014; Stojanovska et al. 2014; Premrl et al. 2015; Stanislovaitis et al. 2015; 
Živojinović et al. 2015; Paladinić et al. 2016; Bánski 2017; Pezdevšek 
Malovrh et al. 2017; Scriban et al. 2017; Shafik 1995; Kopeva et al. 1994; 
Yarnal, 1994; Fisher & Jaffe 2000; Lerman 2001; Vranken et al. 2001 

Other European 
ccountries Born 1997, Blacksell & Born 2002; Schmithüsen & Hirsch 2010

World Christopher 1995; Fraser 2007; May et al. 2007; Fay 2009; Barry 2011; 
Unruh 2014

Grey literature in Czech and Slovak language and sci-
entific articles dealing with restitution and the transfor-
mation process in CEEC-SEE countries, other European 
countries and rest of the world were analyzed to get a 
complex view on the restitution process in Europe and 
rest of the world. The overview is presented in Table 2. 
Grey literature refers to both published and unpublished 
research material that is not available commercially. The 
search for, and inclusion of, grey literature in a systematic 
review is an important way to help overcome some of the 
problems of publication bias. Grey literature is defined 
as ‘that which is produced on all levels of government, 
academia, business and industry in print and electronic 
formats, but which is not controlled by commercial pub-
lishers (Hopewell et al. 2005). A systematic review can 
be biased when it fails to report crucial information that 
may be hidden in some grey literature. 

Forming content categories: All relevant informa-
tion regarding the restitution process on country level 
was collected in order to identify main historical events 
and milestones in the restitution process. We aimed at 

describing the process itself, its timeline and current sta-
tus as well as conflicts arising from the restitution. This 
task was fulfilled by the authors of the paper, with close 
consultation of experts in the field.

Analyzing the collected data: The related results of the 
analysis are explained in the Results section.

197

V. Jarský et al. / Cent. Eur. For. J. 64 (2018) 195–206

3. results
In 1991, the process of restitution started when the so-
called Restitution Law came into force, which allowed 
the return and use of property to former landowners. 
Equality of all kinds of ownership was assured firstly 
by constitutional law and then by adoption of so-called 
“Land law” No. 229/1991 of the Coll. on the 24th June 
1991 in the Federal Assembly. Due to the change all kinds 
of ownership were restored and made equal and a process 
or restitution of forest property to former owners started 
altogether with diversified management of this property. 
It concerns all estates that were taken by the state illegally 
and then were socialized. Re-privatization should serve 
as a process that will improve the management of former 
state agricultural and forest land that was farmed in very 
ineffective way. 

The purpose of the restitution process in the Czech 
Republic and Slovakia was the restoration of confiscated 
property to the condition prior to 1948. The forest owner-
ship structure in both the Czech Republic and Slovakia 
differed markedly in 1947 and in 1990 (Table 3). 



table 3. Forest ownership structure in 1947 and 1990.

Owner Czech Republic [%] Slovakia [%]
1947 1990** 1947 1990*

State 60.1 95.8 32 99.7
Municipalities 17.4 none 12 none
Private 12.2 none 23 slight
Shared (Urbariat) none none 26 none
Churches 7.1 none 5 none
Forest co-operatives 3.2 0.1 none none
Co-operative farms none 4.1 2 0.3

Source: * NLC-ULZI Zvolen, Permanent forest inventory 1990; **Green report CZ, 1999.

3.1. Results from literature review 
in the Czech Republic
Forest ownership issue was very lively debated in the 
past 20 years and more, especially in professional net-
works (including professional journals such as “Lesnická 
práce” – “Forestry Work”), but has not been evaluated 
by scientific methods, which is the basis for publishing 
in scientific journals. In the journal “Lesnická práce” and 
professional web site “www.silvarium.cz” there were 
hundreds of different opinions published (among oth-
ers Jiráček 2011; Lasák 2012; Oliva 2004; Řezáč 1999; 
Slavinger 2013; Šímová 2006; Zahradník 2000). How-
ever, these opinions are individual and very often contra-
dictory, from which as sole sources it is almost impossible 
to deduce any conclusions.

The literature dealing with the transformation of 
Czech forestry can be diversified into three groups: 
1) Restitution – return of nationalized property – e.g. 
Bartůšková & Homola (2009), Bičík & Jančák (2003), 
2) Privatization of forestry technologies, including sev-
eral forestry operations (the creation of business entities 
in forestry), e.g. Kupčák (1998; 2003; 2007), 
3) The creation of state enterprises managing state-
owned forests, e.g. Kupčák (2005).

The whole restitution process in-depth analysis is 
provided by Zeman (2015), according to whom the 
depreciation of property owned by the state was real-
ized in the fourth pillar of the transformation process of 
the national economy of the Czech Republic. This pil-
lar – the transformation of property rights – consists of 
the privatization, restitution, liquidation and bankruptcy 
processes of state-owned enterprises and the transforma-
tion process of state property into communal property. 
For this pillar six specific acts were adopted.

3.2. Results from literature review in Slovakia
Very little scientific papers were published on the issue 
of forest ownership and restitution in the past 20 years 
in Slovakia. Similar to the Czech Republic, some articles 
can be found in professional journals (“Forest” – a jour-
nal for forestry professionals). The main theme concerns 
the current state and problems with restitution of for-
est land (Fisher 1995; Fisher 1999; Scheimer & Hatiar 
1999; Vyhnálik 2004) and the privatization of the State 

forest enterprise (e.g. Klacko 1993; Hatiar 1994; Ilavský 
2004). Short articles and communications can be found 
in periodical printed media. These articles either inform 
on the state of the restitution process or present opinions 
of individuals. In domestic scientific journals restitution 
is mentioned only in the context of the current property 
structure (in “Forestry Journal”).

Bútor et al. (1999) provide an overview of the process 
of the restitution of forest land ownership rights and all 
related legislative norms. The present state in re-privati-
zation and main reasons for delays and stagnation in this 
process are investigated, such as difficulties in providing 
proof of ownership, difficulties with returning the land of 
small forest owners in coherent forest areas. 

 Ilavský (2001) discusses the process of restitution of 
non-state forests, development of ownership structure, 
results of an opinion survey on preparedness of private 
forest owners to manage their forests and identification 
of the main problems and constrains in the private for-
estry sector. Documents proving ownership of private 
owners and identification of holdings in the fields are the 
main problems in the process of restitution. Another con-
straint is that private owners are insufficiently prepared 
for the management of forest. 

Sarvašová & Tutka (2005) analyse the differences 
in the ownership and management of forests in the con-
text of socio-economic changes in Slovakia. In addition 
to unambiguous positive results, the process of re-pri-
vatization has also brought problems and non-standard 
situations, such as difficulties in providing proves of own-
ership and difficulties with returning the land of small 
forest owners in coherent forest areas.

Šulek (2006) analyses the origin and history of com-
mon property of forest resources in the region of Slova-
kia in the past. Due to the fact that the forest property 
regimes have significantly changed from the one to 
the other especially in the 20th century, the changes 
in ownership structure and common property of forest 
resources in the 20th century in the region of Slovakia are 
discussed – social, political and economic reasons for the 
institutional changes in forest property rights regimes 
are covered.

 
3.3. Restitution process in the Czech 
and Slovak forestry sector 
It is necessary to distinguish two separate periods – years 
1990 – 1992 and period after the year 1993.

3.3.1 Period 1990 – 1992
In this time period the common state of Czechoslovakia 
still existed. Czechoslovakia was a federal state, where 
two levels of law were valid – the federal acts and the 
national acts. Following the social changes it has been, 
on the federal level, decided on the procedure of property 
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return to former owners of agricultural and forest land by 
adopting the Act no. 229/1991 Coll., on modification of 
land and other agricultural property ownership. The res-
titution process was understood as a process of restoring 
property rights of the original owners, for property con-
fiscated after 25 February, 1948. Subjected to the process 
were agricultural and forest land, buildings and related 
structures, other agricultural and forest property (and 
compensations for non-existent assets, or those which 
cannot be issued, and for alive and dead inventory and 
supplies). One of the basic criteria was the citizenship 
of Czechoslovakia (the Czech or Slovak Republic). This 
act did not concern the church and church legal entities, 
which was stated in the so called blocking § 29, saying 
that “property whose original owners were churches, 
religious societies, orders, and congregations cannot be 
transferred to the possession of other persons until the 
laws of that property have been adopted.” This act was 
considered the general legal norm for forest land res-
titution, but its incompleteness soon emerged, which 
was further addressed by adjustments at national lev-
els. In the same year both national assemblies adopted 
separate legislation regarding the property of cities and 
municipalities – Act no. 172/1991 Coll., on transfer of 
certain property from the Czech Republic to the prop-
erty of municipalities and Act no. 138/1991 Coll., on the 
municipal property in Slovakia. They concerned estates, 
buildings and agricultural and forest land of munici-
palities and forest cooperatives. Both acts were similar, 
allowing the transfer of property from the state to the 
municipalities.

As a result of the elections in 1992, the agreement on 
the separation of federal Czechoslovakia was accepted. 
On the 1st of January 1993 two states were created – the 
Czech Republic and the Slovak Republic. From the per-
spective of the restitution process it could be stated that 
at the beginning of the year 1993 the legal framework was 
almost the same in both countries (one same or similar 
act).

3.3.2 Period after 1993
The following analysis deals with the differences related 
to restitutions between the Czech Republic and Slovakia 
which have arisen from the specific legislation changes 
in both states.

3.4. The specific legislation 
in the Czech Republic
The main legislative acts concerning restitution were:
 – Act no. 403/1990 of the Coll. of 2nd October 1990 

on mitigating the consequences of some property 
injustices.

 – Act no. 87/1991 of the Coll. of 21st February 1991 on 
out of court rehabilitation.

 – Act no. 229/1991 of 21st May 1991of the Coll. on the 
regulation of ownership rights to land and other agri-
cultural property (Land Act).

 – Act no. 212/2000 of the Coll. of 21st July 2000 on 
mitigating the property injustices caused by the 
holocaust. 

 – Act no. 172/1991 of the Coll. of 24th April 1991 on 
the transfer of certain assets from the property of the 
Czech Republic to the ownership of municipalities.

 – Act No. 428/2012 of the Coll. of 8th November 2012 
on property settlements with churches and religious 
societies.

 – Resolution of the Government of the Czech Republic 
No. 168/1995 Coll., on transfers of movable assets of 
former forest cooperatives to municipalities.

 – Act No. 114/2000 Coll., amending Act No. 172/1991 
Coll., on the transfer of certain assets to the owner-
ship of municipalities, as amended, transferred by 1 
July 2000 to the ownership of municipalities which 
were allocated to municipalities in the years 1945 
to 1948 according to the valid legal regulations, but 
they were not legally registered in the Land Register 
(estimated at about 40,000 ha).

 – Pursuant to the amendment to Act No. 172/1991 Coll. 
No. 277/2002 Coll., 29,000 ha of forests belonged to 
forest cooperatives of municipalities.
In this time period few amendments to the basic res-

titution legislation occurred. For example regarding the 
original legislation, only persons who were permanent 
residents in the Czech Republic could have applied for 
restitution. On the basis of findings of the Constitutional 
Court No. 29/1996 Coll., which cancels some provisions 
of Act No. 229/1991 Coll. and law No. 243/1992 Coll., in 
favour of persons who did not fulfil the condition of being 
permanent resident on the area of the Czech Republic, 
new restitution claims in 2870 cases were staked in com-
pliance with Act No. 30/1996 Coll.

Another act that partly affected forest land restitu-
tion was Act No. 212/2000 Coll., on mitigation of certain 
property injustices caused by the Holocaust, concerning 
the return of immovable and movable property, particu-
larly works and objects of art to the holocaust victims, 
which went beyond the restitution logic after the year 
1948.

The last restitution laws regarding forest property is 
related to the property of the Churches. As noted above, 
the General Restitution Act did not apply to religious 
property. The first attempts for a special law appeared 
in 1993 and periodically repeated in the 1990s. However, 
it had never been possible to reach political agreement on 
the drafting of the law. This happened only in 2008, but 
its adoption prevented the early dissolution of the Cham-
ber of Deputies of the Parliament of the Czech Republic. 
The new law was prepared in 2011 and approved by the 
Chamber of Deputies in 2012 as Act No. 428/2012 Coll., 
on property settlement with churches and religious com-
munities. The law determined the property (including 
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forest land) and property compensation that cannot be 
issued (in 30 annual instalments) for 17 churches and 
religious societies. At the same time, it stipulated that 
the state’s contribution to the operation of the churches 
would be reduced and completely terminated after 17 
years, when the practical separation of churches from 
the state would occur.

3.5. The specific legislation in Slovakia
The main legislative acts concerning restitution were:
 – Act No. 229/91 Coll. on the regulation of ownership 

rights to land and other agricultural property (Land 
Act). The law was changed by twelve amendments 
(last 549/2004 of the Coll.) and amended to mitigate 
the consequences of some of the property injustices 
that have occurred against owners of agricultural and 
forestry assets. 

 – Act No. 138/1991 of the Coll., on municipal property, 
amended in 1992 due to the different interpretation 
of forest property that should be returned.

 – Act No. 282/1993 Coll. to mitigate some property 
injustices caused by churches and religious societies.

 – Act No. 503/2003 of the Coll., on the return of land 
ownership rights that changed and amended the Act 
of the National Council of the Slovak Republic No. 
180/1995 of the Coll., on certain measures for the 
arrangement of ownership of land. This law regulates 
the return of ownership to land not returned under 
the regulations of the land act.
In Slovakia soon after the beginning of the restitu-

tion process problem arose with the interpretation of Act 
No. 229/1991 where it was not clear to which extend the 
restitution of land should be made. The Supreme Court 
decided in 1998 that forest property will be returned 
according to this act also in the case of municipal and 
church forest property. The specific historical common 
ownership category (urbariat and komposesorat) where 
shared ownership to land is possible was returned to the 
many shareholders in the same extent as it was taken. 
Specific situation arose when the church was one of the 
shareholders. In this case the property was returned 
together with the co-owners. 

The property which was up to the 31st of January 1949 
in municipal property and went to state ownership was 
returned according to Act No 138/1991 of the Coll., on 
municipal property. Municipalities have acquired back 
forest land, including forest stands.

The Slovak Republic took the question of church 
restitutions more urgently than the Czech Republic. The 
first attempts to solve the claims of the churches of seized 
property fall within the scope of Act No. 282/1993 Coll. 
to mitigate some property injustices caused by churches 
and religious societies. This Act was amended by the pro-
visions of Act No. 97/2002 Coll., and Act No. 161/2005 
Coll. and the process ended.

The restitution process is still not finished yet. Since 
the effectiveness of the restitution laws up to the 31 
December 2015, still 33,693 applications remain in 
the handling (forest land physically not handed over to 
former owners), which represents 33.45% of the total 
number of applications received, with a required area 
of 67 767 ha (6.45% of the required area). From the 
total number of applications received within the Slovak 
Republic, 66.56% of applications were positively solved. 
Usage rights to forest land were returned up to 93.55% 
of the requested amount (MPRV 2016).

4. Comparison by countries
The result of the restitution process is the creation of a 
current ownership structure. Although it is a dynamic 
story (thanks to sales, inheritance, etc.), the restitution 
process is undoubtedly the main reason. Table 4 displays 
the status of ownership structure in 2016. No official data 
for 2017 were available at the time of the article prepa-
ration; the data for 2017 will be published in the third 
quarter of 2018.

table 4. Ownership structure in 2016.
Type of owner Czech Republic [%]** Slovakia [%]*

State 57.4 39.7
Private 22.3 10.6
Municipal 17.1 8.7
Co-operatives 1.2 0.3
Church 2.0 2.4
Commons (Urbariat) 0 19.4
Unknown (unidentified) 0 18.9

Source: *Green report SR (MARD SR, 2017); **Green report CZ (MA CZ, 2017). According 
to MA CZ (2017) another 5,860 ha of forests should be issued to churches in 2017 
and beyond, hence the share of forests owned by the churches is projected to be 2.2%.

When looking at Table 3 and Table 4, it is clear that 
the return to the state before 1948 has largely succeeded 
in both states. The only notable difference is the relatively 
significant share of the unknown owners in Slovakia, who 
in 1947 were mainly in the category “private” before. This 
is due to the crumbling of ownership under Hungarian 
law on the one hand and also due to the reluctance of 
authorities to identify (within the restitution process) the 
original owner on the other. The unknown ownership is 
somehow similar to the Czech category of unidentified 
ownership, because in the land register only the name 
and date of birth is shown. The land of such owners is 
administered by the Slovak Land Fund. In the Czech 
Republic the issue of unknown owners is important in 
the agricultural sector. In forest land parcels it is possible 
to find the category “owner cannot be identified”. Such 
owners of these estates are registered in the real estate 
cadastre by their names and surnames only. They cannot 
be properly identified; therefore, they cannot be found in 
the population register or declared dead.

Apart from the ownership structure, the size of the 
property is also essential. In the Czech Republic, accord-
ing to the Cadastre of Real Estate, about 390 thousand 
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owners own at least one forest plot, of which 90% are 
natural persons, 7% are joint-ownership cooperatives of 
spouses and 3% of legal entities of various types. Espe-
cially for natural persons, the fragmentation of owner-
ship is considerable, 64% of them own property smaller 
than 0.5 ha, 93% less than 3 ha.

In Slovakia up to now 100,736 subjects required the 
arrangement of the ownership and usage rights of a total 
of 1,050,414 ha of forest land (10,4 ha per claim). Private 
forest owners restituted on average less than 3 ha each, 
the mean of returned property for municipalities var-
ies around 394 ha and restituted church forests present 
on average 94 ha. Special attention should be given to 
shared property where per one claim was restituted on 
average 134 ha, but one subject is usually represented by 
hundreds to thousands owners. From the beginning of 
restitution process bigger estates were logically claimed 
first. Now it remains to transfer usage rights on an aver-
age of about 2 hectares per subject. 

The biggest differences occur due to historical rea-
sons. Again we can state that “history matters”. In both 
countries there were different historical types of owner-
ship (for example in Slovakia there existed very important 
commons, in the Czech Republic the forest municipal 
cooperatives). The most significant difference was the 
situation related to the return of property to Churches. 
The Slovak Churches were seen as normal restituents 
(the relevant law was approved already in the year 1993). 
In the Czech Republic, the situation was different. The 
historic forest property of the churches (about 7% of the 
forest area) was left in the hands of the state because it 
was supposed that restitution would be part of a complex 
settlement. Negotiations on the settlement, however, 
took nearly 20 years before Act No. 428/2012 Coll., on 
property settlement with churches and religious com-
munities, was approved. On its basis, the separation of 
the churches from the state takes place through property 
settlement, including the restoration of forest assets.

5. discussion
According to Hartvigsen (2013), there were four differ-
ent land reform approaches related to restitution in the 
CEE countries:
 – Restitution to former owners (including allocation of 

other land if restitution in the old boundaries is not 
possible).

 – Withdrawal of formally private land from collective 
farms.

 – Compensation (in state vouchers, bonds or money).
 – Privatization through sale of state land.

The political representatives in former socialis-
tic countries in Europe had to decide how to deal with 
property that had been confiscated from private owners. 
Dawidson (2005) in her research discusses that a heated 
debate arose as to who should be entitled to become the 

rightful owner of confiscated properties; former owners 
or current users? In the Czech Republic and Slovakia, 
there was a strong political will that the property should 
be returned to former owners due to historical reasons 
and the share of privately owned forests before the collec-
tivization. The only way how to achieve it was restitution. 
In several cases, when the forest property was destroyed 
or non-existent, compensation payments were possible.

The fundamental significance of the restitution proc-
ess is the achievement of a fair state by returning the 
nationalized or state-confiscated property to the origi-
nal owners. In addition to this unambiguously positive 
impact, this process has a number of positive and nega-
tive impacts.

The positive affects concern the forest policy and gov-
ernance processes. Kozová et al. (2018) as well as Hrib et 
al. (2018) emphasized the importance of the restitution 
process for the establishment of different association of 
forest owners, who play significant role in the formula-
tion of forest policy on national levels.

On the contrary, Schwartz (2006) or Sarvašová et al. 
(2013) point out that the impact of the restitution process 
is not always beneficial from the point of view of nature 
conservation.

Knorn et al. (2012) and Kuemmerle et al. (2007) men-
tioned that the collapse of socialism in the former Soviet 
bloc and transitions from planned to market economies 
generated drastic land use changes. Similarly Pătru-
Stupariu et al. (2016) showed that the main drivers of 
deforestation in Romania are related to forest restitution. 
Stojanovska et al. (2014) mentioned that an on-going 
restitution process could significantly influence the forest 
management planning. In the short and medium term, 
the impact of the restitution process is difficult to ana-
lyse. Griffiths et al. (2012) have chosen an interesting 
procedure and used an annual time series of Landsat 
images to investigate how three phases of forest restitu-
tion affected forest disturbances. The consequences of 
restitution process and the new owners‘ management 
could be also visible in Slovakia, as it is documented in 
the work of Barka et al. (2018) and Šebeň et al. (2018).

The problematic impact of the restitution is the cur-
rent large fragmentation of forest property, which can be 
further increased by inheritance (Vranken et al. 2011). 
In our region, there is the prescribed smallest size of the 
forest property, but not the smallest size of the property 
or the co-ownership share (in the Czech Republic the 
smallest ownership share is 8 m2, in Slovakia it is even 
less because of shared ownership). 

Due to the restitution process in Europe, however, 
there was not only a large quantitative fragmentation of 
ownership (i.e. a large number of small forest owners), but 
different types of owners could also be distinguished on 
the basis of qualitative indicators such as owners’ objec-
tives, motivations and management decisions (Ficko & 
Boncina 2013; Stanislovaitis et al. 2015; Mozgeris et al. 
2017). As the analysis of Feliciano et al. (2017) shows, 
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there are no significant differences in these qualitative 
categories between the Czech Republic and Slovakia.

On Romanian case Scriban et al. (2017) illustrate that 
the forest restitution has been used as a trade-off between 
politicians’ interest in winning political capital and own-
ers’ interest in getting short-term benefits from the forest.

Former forest owners, whose property rights had 
been interrupted during the socialist regime and who 
therefore had no knowledge of forestry. New owners 
with no experience of administering and managing 
private property joined together to form associations 
that could advocate for their interests in the formation 
of suitable economic, social, organizational and legisla-
tive conditions. For these “new” forest owners, interest 
or stakeholder organizations are a way of protecting 
and representing their common interests in the policy-
making process (Weiss et al. 2011). The establishment 
of adequate mechanisms to assist and support former 
forest owners in the sustainable forest management is 
also perceived as crucial. These new forest owners were 
large scale owners as for example in Serbia (Pezdevšek 
Malovrh et al. 2017), but typically rather small-scale for-
est owners (Sarvašová et al. 2015; Paladinić et al. 2008; 
Pöllumäe et al. 2014).

The literature on restitution also underlines that 
many countries have faced the problem of lack of properly 
registered and documented ownership rights especially 
since the majority of the original owners were dead before 
the fall of communism. This creates a considerable risk of 
overburdening the court system. Allocation of substitu-
tion property makes the issue even more complicated; 
the 300,000 court actions in Romania indicate this very 
clearly. Other problems hindering the restitution process 
are related to the fact that during the communist rule the 
property in question has changed significantly in value, 
physical form, and use (Kozminski 1997). This was also 
the case of the Czech Republic and Slovakia where many 
restitution claims ended in a court procedure.

The empirical cross-countries analyses as well as 
national studies have shown that the restitution process 
in CEE region has been only partially an efficient way of 
transferring the property to the former owners. Besides 
the moral compensation to former owners the process 
has not busted the situation in post-socialist forest econo-
mies. Thus, the fact that the forest owners share their 
management rights with the State even on timber utilisa-
tion, and the fact that the forest utilisation is formulated 
collectively in policy-driven decision making processes 
which they are not able to attempt argues that the forests 
are referred in the policy as a common-pool resource, irre-
spective to the legal regimes of the forestlands (Bouriaud 
& Schmithüsen 2005). Measures have to be adopted to 
facilitate the private owner’s participation in the political 
processes, as a tentative to balance the trend of consider-
ing forests, irrespective to the legal regime of ownership, 
as a common-pool resource (Weiss et al. 2011).

6. Conclusions
We analysed the formal legal system and we can conclude 
that the restitution process was very similar in both the 
Czech Republic and Slovakia thanks to the same or simi-
lar legislation of the two countries. Following conclusions 
can be drawn upon the analysis:

The legal basis for the restitution process were the 
changes adopted after 1989, the changes still adopted 
during the existence of the federal state. The most impor-
tant and decisive factor was the Federal Act No. 229/1991 
Coll., on the regulation of ownership relations to land and 
other agricultural property. Under this Act, property was 
returned to individuals in both countries. However, the 
practical application of this legislation further required 
significant refinements and changes - for example in the 
Czech Republic 26 amendments to this Act were adopted 
to date. Yet the laws allowing for the restitution of histori-
cal assets of towns and municipalities were adopted even 
in the period of the common federal state - in the Czech 
Republic it was Act No. 172/1992 Coll., and in the Slovak 
Republic it was Act No. 138/1991 Coll. 

The biggest differences between the two countries 
occur due to historical reasons. Again we can state that 
“history matters”. In both countries there were different 
historical types of ownership (in Slovakia very important 
commons, in the Czech Republic the forest municipal 
cooperatives). The biggest differences occurred in con-
nection with church property. While Slovakia is a typical 
catholic country, the Czech Republic is counted as one of 
the least religious countries in Europe, which was also 
strongly reflected in the ongoing restitution process. In 
Slovakia, a country with a predominance of the Roman 
Catholic religion and the strong influence of the Catholic 
Church, the process of restitution of church property was 
relatively soon resolved after the breakup of the federal 
state (Act No. 282/1993). In the Czech Republic, follow-
ing several unsuccessful legislative attempts, a specific 
law governing the restitution of church property was 
finally adopted in 2012 (Act No. 428/2012). It can thus be 
stated that despite several still undecided persistent and 
complicated legal disputes over the restituted property, 
more than 90% of the restitution demands for forests are 
resolved in both countries. 

In both countries the restitution process resulted in 
the emergence of differentiated land ownership. Such 
differentiation of land ownership, the different interests 
of individual owners and specific processes in the man-
agement of newly created (or renewed) ownership forms 
thus present a challenge for the formulation of effective 
forestry policy.

The differentiation of forest ownership also plays a 
very significant role in “the learning of democracy” in 
the democracy of both countries. This is very significant 
for post-communist countries in order for the democratic 
principles of the state management to become a common 
and universally accepted part of political culture and 
behaviour of the state and its citizens.
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However, in both republics there is a very high pro-
portion of the state in the ownership of forests. This again 
puts high demands on both countries, including their 
functional state apparatus, to make this extensive forest 
property effectively managed so that decision-making 
processes are transparent and to manage this specific 
forest property so that it fulfils other functions and objec-
tives with a strong public interest (e.g. a strong interest 
in using the recreational potential of forests).

In both countries, public corporations such as cities 
and municipalities or urban areas also play a significant 
role as owners of forests. Again, in connection with the 
responsibility of these entities for the status of their prop-
erty, the role of civil society and the democratic principles 
on which their administration should be based is grow-
ing.

In the case of restitution of forests to both private 
and private legal entities, part of the large (former aris-
tocratic) property has undoubtedly succeeded in estab-
lishing a tradition of high forest management in these 
forests, which was typical of these large estates before 
their nationalization.

From the point of view of forest management and 
protection of forests in particular, the problem however 
occurs with restituted small forest owners. Most of the 
small-scale forest owners have already lost an authentic 
relationship to forest property and do not want or cannot 
administer the property at all.

acknowledgement
This article originated thanks to the joint work in the European 
project COST FP1201 FACESMAP. The authors ZS, ZD and JS 
were supported by the Slovak Research and Development Agency 
under the contract no. APVV-15-0715. ZD was also supported by 
the Slovak Scientific Grant Agency VEGA 1/0688/16. VJ, MH 
and JO were supported by the Czech National Agency for Agri-
cultural Research under the contract no. NAZV QK1820041 
and the Czech Ministry of Education, Youth and Sports under 
the contract no COST CZ LD14083.

references
Ambrušová, L., Dobšinská, Z., Sarvašová, Z., Hricová, 

Z., Šálka, J., 2015: FACESMAP Country report – 
Slovakia. In: Živojinović et al.: Forest Land Own-
ership Change in Europe. COST Action FP1201 
FACESMAP Country Reports. University of Natu-
ral Resources and Life Sciences, Vienna (BOKU), 
p. 531–550.

Bański, J., 2017: The consequences of changes of own-
ership for agricultural land use in Central European 
countries following the collapse of the Eastern Bloc. 
Land Use Policy, 66:120–130.

Barka, I., Lukeš, P., Bucha, T., Hlásny, T., Strejček, R., 
Mlčoušek, M., Křístek, Š., 2018: Remote sensing-
based forest health monitoring systems – case stud-
ies from Czechia and Slovakia. Central European 
Forestry Journal, 64:000–000.

Barry, M., 2011: Land restitution and communal prop-
erty associations: The Elandskloof case. Land Use 
Policy, 28:139–150.

Bartůšková, J., Homolka, J., 2009: Analysis of land-law 
relations development in the Czech Republic after 
1989 in the legal and economic context. Agricultural 
Economics, 55:250–256.

Bičík, I., Jančák, V., 2003: The changes of rural space in 
Czechia in the period of transformation 1990–2015. 
Acta Universitatis Carolinae. Geographica, 1:11–20.

Blacksell, M., Born, K. M., 2002: Rural property resti-
tution in Germany’s New Bundesländer: the case of 
Bergholz. Journal of Rural Studies, 18:325–338.

Born, K. M., 1997: The return of confiscated land and 
property in the new Länder. The process and its 
geographical implications. Applied Geography, 
17:371–384.

Bouriaud, L., Schmithüsen, F., 2005: Allocation of 
Property Rights on Forests through Ownership 
Reform and Forest Policies in Central and Eastern 
European Countries. Schweizerische Zeitschrift für 
Forstwesen, 156:297–305.

Bútor, P., 1999: Stav odovzdávania vlastníckych 
a užívacích práv k lesným pozemkom a prob-
lémy tohto procesu. In: Súčasnosť a budúci vývoj 
neštátneho lesníckeho sektora SR, zborník z kon-
ferencie s medzinárodnou účasťou. Phare projekt 
„Podpora lesníckeho sektora SR“, p. 26–30.

Christopher, A. J., 1995: Land restitution in South Africa, 
1991–1994. Land Use Policy, 12:267–279.

Dawidson, K. E. K., 2005: Geographic impacts of the 
political: Dealing with nationalised housing in Roma-
nia. Political Geography, 24:545–567.

Di Falco, S., Penov, I., Aleksiev, A., van Rensburg, T. 
M., 2010: Agrobiodiversity, farm profits and land 
fragmentation: Evidence from Bulgaria. Land Use 
Policy, 27:763–771.

Fay, D., 2009: Land Tenure, Land Use, and Land Reform 
at Dwesa–Cwebe, South Africa: Local Transforma-
tions and the Limits of the State. World Develop-
ment, 37:1424–1433.

Feliciano, D., Bouriaud, L., Brahic, E., Deuffic, P., Dob-
sinska, Z., Jarský, V. et al., 2017: Understanding pri-
vate forest owners’ conceptualisation of forest man-
agement: Evidence from a survey in seven European 
countries. Journal of Rural Studies, 54:162–176.

Ficko, A., Boncina, A., 2013: Probabilistic typology of 
management decision making in private forest prop-
erties. Forest Policy and Economics, 27:34–43.

Fischer, M., 1995: Analýza reštitúcií lesného pôdneho 
fondu. Les, 51:3–6.

203

V. Jarský et al. / Cent. Eur. For. J. 64 (2018) 195–206



Fischer, M.,1999: Aké sú problémy pri vydávaní majetku 
podľa reštitučných zákonov? Les, 55:11–12.

Fisher, L. M., Jaffe, A. J., 2000: Restitution in transition 
countries. Journal of Housing and Built Environ-
ment, 15:233–248.

Fraser, A., 2007: Hybridity emergent: Geo-history, learn-
ing, and land restitution in South Africa. Geoforum, 
38:299–311.

Giessen, L., Krott, M., 2009: Forestry Joining Integrated 
Programmes? A question of willingness, ability and 
opportunities. Allgemeine Forst- und Jagdzeitung, 
180:94–100.

Griffiths, P., Kuemmerle, T., Kennedy, R. E., Abrudan, 
I. V., Knorn, J., Hostert, P., 2012: Using annual time-
series of Landsat images to assess the effects of forest 
restitution in post-socialist Romania. Remote Sens-
ing of Environment, 118:199–214.

Grubbström, A., Sooväli-Sepping, H., 2012: Estonian 
family farms in transition: a study of intangible assets 
and gender issues in generational succession. Journal 
of Historical Geography, 38:329–339.

Grubbström, A., 2011: Emotional bonds as obstacles to 
land sale–Attitudes to land among local and absen-
tee landowners in Northwest Estonia. Landscape and 
Urban Planning, 99:31–39.

Hartvigsen, M., 2013: Land Reform in Central and East-
ern Europe after 1989 and its Outcome in Form of 
Farm Structures and Land Fragmentation, FAO Land 
Tenure Working Paper 24. 

Hartvigsen, M., 2014: Land reform and land fragmenta-
tion in Central and Eastern Europe. Land Use Policy, 
36:330– 341.

Hatiar, S. et al., 1994: Koncepcia rozvoja neštátnych 
lesov. Zvolen, Forest Research Institute (in Slovak).

Hedin, S., 2005: Land restitution in the former Swedish 
settlement areas in Estonia consequences for land 
ownership, land use and landscape. Landscape and 
Urban Planning, 70:35–44.

Hopewell, S., Clarke, M., Mallett, S., 2005: Publication 
bias in meta-analysis: Prevention, assessment and 
adjustments. John Wiley & Sons, 376 p.

Hrib, M., Slezová, H., Jarkovská, M., 2018: To Join Small-
Scale Forest Owners’ Associations or Not? Motiva-
tions and Opinions of Small-Scale Forest Owners in 
Three Selected Regions of the Czech Republic. Small-
scale Forestry, 17:147–164.

Ilavský, J., 2001: Preparadness of Private Owners for 
the Management of Forest in the Slovak Republic. 
In: Niskanen, A. and Väyrynen, J. (eds.): Economic 
Sustainability of Small-Scale Forestry. EFI Proceed-
ings No. 36. Joensuu, European Forest Institute, p. 
53–60.

Ilavský, J., 2004: Transformácia, či privatizácia v pod-
niku, ktorý hospodári so štátnymi lesmi? Slovenské 
lesokruhy: magazín o lesníctve, vlastníctve lesov 
a hospodárení s drevom. Bratislava, Lesmedium, 
5:43–45. 

Jarský, V., Hrib, M., Riedl, M., Dudík, R., Ventrubová, 
K., Šišák, L., 2015: FACESMAP Country report – 
Czech Republic. In: Živojinović et al.: Forest Land 
Ownership Change in Europe. COST Action FP1201 
FACESMAP Country Reports. University of Natu-
ral Resources and Life Sciences, Vienna (BOKU), 
p. 127–158.

Jiráček, J., 2011: K efektivitě obhospodařování lesů 
malých výměr. Available at: http://www.silvarium.
cz/lesnicka-prace-c-8-11/k-efektivite-obhospo-
darovani-lesu-malych-vymer

Johannsen, L., 2003: The foundations of the state: emerg-
ing urban–rural clevages in transitions countries. 
Communist and Post-Communist Studies, 36:291–
309.

Klacko, Š., 1993: Problémy riadenia štátnych lesov 
v podmienkach reštitúcie a privatizácie. Organizácia 
a managering v lesníctve, p. 131–135.

Knorn, J., Kuemmerle, T., Radeloff, V. C., Szabo, A., Min-
drescu, M., Keeton, W. S. et al., 2012: Forest restitu-
tion and protected area effectiveness in post-socialist 
Romania. Biological Conservation, 146:204–212.

Kopeva, D., Mishev, P., Jackson, M., 1994: Forma-
tion of Land Market Institutions and their Impacts 
on Agricultural Activity. Journal of Rural Studies, 
10:377–385.

Kozminski, A., 1997: Restitution of Private Property. Re-
privatization in Central and Eastern Europe. Com-
munist and Post-Communist Studies, 30:95–106.

Kozová, M., Dobšinská, Z., Pauditšová, E., Tomčíková, 
I., Rakytová, I., 2018: Network and participatory gov-
ernance in urban forestry: An assessment of examples 
from selected Slovakian cities. Forest Policy and Eco-
nomics, 89:31–41.

Kubačák, A., Jacko, K., 2012: Restituce zemědělského 
a lesního majetku. Praha, Ministerstvo zemědělství, 
276 p.

Kuemmerle, T., Hostert, P., Radeloff, V.C., Perzanowski, 
K., Kruhlov, I., 2007: Postsocialist forest disturbance 
in the Carpathian border region of Poland, Slovakia 
and Ukraine. Ecological Applications, 17:1279–
1295.

Kupčák, V., 1998: Economic Transformation of Forestry 
and Management of Forest Joint-Stock Companies 
in the Czech Republic. Finnish Journal of Business 
Economics, 2:1–6. 

Kupčák, V., 2003: Economic analysis of forest joint-stock 
companies in the Czech Republic in 1992–2000. 
Journal of Forest Science, 49:27–36.

Kupčák, V., 2005: Elementary financial analysis of the 
Forests of the Czech Republic, state enterprise. Jour-
nal of Forest Science, 51:127–140.

Kupčák, V., 2007: Analysis of some dynamic series of 
forest production and trends of forest economics 
in the Czech Republic. Journal of Forest Science, 
53:119–128.

204

V. Jarský et al. / Cent. Eur. For. J. 64 (2018) 195–206



Lasák, O., 2012: Církevní restituce z pohledu různých 
vlastníků. Available at: http://www.silvarium.cz/
lesnicka-prace-c-5-12/cirkevni-restituce-z-pohledu-
ruznych-vlastniku cit. 8.9.2014.

Lazdinis, M., Carver, A. D., Lazdinis, I., Paulikas, V. K., 
2009: From union to union: forest governance in a 
post-soviet political system. Environmental Science 
& Policy, 12:309–320.

Lerman, Z., 2001: Agriculture in transition economies: 
from common heritage to divergence. Agricultural 
Economics, 26:95–114.

MA CZ, 2017: Information on Forests and Forestry in the 
Czech Republic by 2016. Prague, Ministry of Agricul-
ture of the Czech Republic. Prague: http://eagri.cz/
public/web/file/566863/Information_Czech_For-
estry_2016.pdf

MARD SR, 2017: Report on the Forest Sector of the 
Slovak Republic, Green Report 2016. Bratislava, 
Ministry of Agriculture and Rural Development of 
the Slovak Republic, Bratislava: file:///C:/Users/
Martina/Downloads/green_report_brochure_2017.
pdf May, H., Lahiff, Edward., 2007: Land reform in 
Namaqualand, 1994–2005: A review. Journal of Arid 
Environments, 70: 782–798.

Mozgeris, G., Brukas, V., Stanislovaitis, A., Kavaliaus-
kas, M., Palicinas, M., 2017: Owner mapping for 
forest scenario modelling – A Lithuanian case study. 
Forest Policy and Economics, 85:235–244.

MPRV SR, 2016: Správa o transformácii vlastníckych a 
užívacích vzťahov k lesným pozemkom, so stavom k 
31.12.2015. Available at: http://www.mpsr.sk/sk/
index.php?navID=1&id=10353

Oliva, J., 2004: Česká republika má nejpřísnější lesní 
právo v Evropě. Available at: http://www.silvar-
ium.cz/lesnicka-prace-c-5-04/ceska-republika-ma-
nejprisnejsi-lesni-pravo-v-evrope

Paladinić, E., Vuletić, D., Posavec, S., 2008: Review of 
the state of private forest ownership in the Republic 
of Croatia. Radovi-Šumarski Institut Jastrebarsko, 
43:45–58.

Pašakarnis, G., Morley, D., Maliene, V., 2013: Rural 
development and challenges establishing sustain-
able land use in Eastern European countries. Land 
Use Policy, 30:703–710.

Pătru-Stupariu, I., Tudor, C. A., Stupariu, M. S., But-
tler, A., Peringer, A., 2016: Landscape persistence 
and stakeholder perspectives: The case of Romania’s 
Carpathians. Applied Geography, 69:87–98.

Pezdevšek Malovrh, Š., Kumer, P., Glavonjić, P., Nonić, 
D., Nedeljković, J., Kisin, B. et al., 2017: Different 
Organizational Models of Private Forest Owners as a 
Possibility to Increase Wood Mobilization in Slovenia 
and Serbia. Croatian Journal of Forest Engineering, 
38:127–140.

Pöllumäe, P., Korjus, H., Kaimre, P., Vahter, T., 2014: 
Motives and incentives for joining forest owner asso-
ciations in Estonia. Small-scale For, 13:19–33.

Potter, W. J., Levine-Donnerstein, W., 1999: Rethinking 
validity and reliability in content analysis. Journal of 
Applied Communication Research, 27:258–284.

Premrl, T., Udovč, A., Bogataj, N., Krč, J., 2015: From 
restitution to revival: A case of commons re-establish-
ment and restitution in Slovenia. Forest Policy and 
Economics, 59:19–26.

Řezáč, J., 1999: Budou soukromí vlastníci ještě rozhodo-
vat o svých lesích? Available at: http://www.silvar-
ium.cz/lesnicka-prace-c-11-99/budou-soukromi-
vlastnici-jeste-rozhodovat-o-svych-lesich

Roose, A., Kull, A., Gauk, M., Tali, T., 2013: Land use 
policy shocks in the post-communist urban fringe: 
A case study of Estonia. Land Use Policy, 30:76– 83.

Sarvašová, Z., Šálka, J., Dobšinská, Z., 2013: Mecha-
nism of cross-sectoral coordination between nature 
protection and forestry in the Natura 2000 formula-
tion process in Slovakia. Journal of Environmental 
Management, 127:65–72.

Sarvašová, Z., Tutka, J., 2005: Change in the Ownership 
and Management of Forests in Slovakia. In Small-
scale Forestry in a Changing Environment. Lithua-
nian Forest Research Institute, p. 200–207.

Sarvašová, Z., Zivojinovic, I., Weiss, G., Dobšinská, Z., 
Drăgoi, M., Gál, J. et al., 2015: Forest owners asso-
ciations in the Central and Eastern European region. 
Small-scale Forestry, 14:217–232.

Scheimer, I., Hatiar, S., 1999: Jednostrannosť pohľadu. 
Les, 55:10.

Schmithüsen, F., Hirsch F., 2010: Private Forest Owner-
ship in Europe, UNECE Timber Comission, Geneva 
timber and forest study paper 26. FAO, 120 p.

 Shafik, N., 1995: Making a Market: Mass Privatization 
in the Czech Republic and Slovak Republics. World 
Develop., 23:1143–1156.

Schubert, K., Bandelow, N. C. (ed.), 2003: Lehrbuch der 
Politikfeldanalyse, Oldenbourg, München, 421 p.

Schwartz, K. Z. S., 2006: ‘‘Masters in Our Native Place’’: 
The politics of Latvian national parks on the road 
from Communism to ‘‘Europe’’. Political Geogra-
phy, 25:42–71.

Scriban, R. E., Nichiforel, L., Bouriauda, L. G., Bar-
noaiea, I., Cosofret, V. C., Catalina Barbu, O., 2017. 
Governance of the forest restitution process in 
Romania: an application of the DPSIR model. For-
est Policy and Economics. Available at: https://doi.
org/10.1016/j.forpol.2017.10.018

Slavinger, M., 2013: Sdružování vlastníků lesů. Avail-
able at: http://www.silvarium.cz/lesnicka-prace-
c-10-12/sdruzovani-vlastniku-lesa

Stanislovaitis, A., Brukas, V., Kavaliauskas, M., 
Mozgeris, G., 2015: Forest owner is more than her 
goal: a qualitative typology of Lithuanian owners. 
Scandinavian Journal of Forest Research, 30:478–
491.

205

V. Jarský et al. / Cent. Eur. For. J. 64 (2018) 195–206



Stemler, S., 2001: An overview of content analysis. Prac-
tical Assessment, Research & Evaluation, 7:1–6.

Stojanovska, M., Miovska, M., Jovanovska, J., Sto-
janovski, V., 2014: The process of forest management 
plans preparation in the Republic of Macedonia: Does 
it comprise governance principles of participation, 
transparency and accountability? Forest Policy and 
Economics, 49:51–56.

Šálka, J., 2006: Analýza verejnej politiky v lesníctve. TU 
vo Zvolene. VŠ 4/2006/A 64 p.

Šímová, T., 2006: Vlastnictví a regulace v LH a 
dřevozpracujícím průmyslu. Available at: http://
www.silvarium.cz/lesnicka-prace-c-10-06/vlast-
nictvi-a-regulace-v-lh-a-drevozpracujicim-prumyslu

Šebeň, V., Kučera, M., Merganičová, K., Konôpka, B., 
2018: The current state of non-forest land in the 
Czech Republic and Slovakia – forest cover estimates 
based on the national inventory data. Central Euro-
pean Forestry Journal, 64:207–222.

Šulek, R., 2006: Common-pool resources in Central 
Europe: Case study of forestry in the Slovak Republic. 
IASCP Europe Regional Meeting. Building the Euro-
pean Commons: from Open Fields to Open Source. 
Brescia, Italy, p. 23–25.

Unruh, J. D., 2014: Evidencing the restitution landscape: 
Pre-emptive and advance techniques for war-torn 
land and property rights reacquisition. Land Use 
Policy,38:111–122.

Vranken, L., Macours, K., Noev, N., Swinnen, J., 2011: 
Property rights imperfections and asset al.location: 
Co-ownership in Bulgaria. Journal of Comparative 
Economics, 39:159–175.

Vyhnálik, S., 2004: Reprivatizačný process sprevádzajú 
problémy. Les, 60:8–9.

Weiss, G. et al., 2011: Innovation and Sustainability in 
Forestry in Central and Eastern Europe: Challenges 
and Perspectives (SUSI-CEE). Final Report. Euro-
pean Forest Institute, 249 p.

Windhoff-Heritier, A., 1987: Policy Analyse. Campus, 
Frankfurt, New York, 184 p.

Yarnal, B., 1994: Agricultural decollectivisation and vul-
nerability to environmental change – a Bulgarian case 
study. Global Environmental Change, 4:229–243.

Zeman, K., 2015: Analýza restitučních procesů v České 
republice. Restituce a ostatní procesy transformující 
vlastnická práva. Praha, Karolinum, Univerzita Kar-
lova v Praze, 186 p.

Živojinović, I., Weiss, G., Lidestav, G., Feliciano, D., 
Hujala, T., Dobšinská, Z. et al., 2015. Forest Land 
Ownership Change in Europe. COST Action FP1201 
FACESMAP Country Reports. University of Natural 
Resources and Life Sciences, Vienna (BOKU), 693 p.

206

V. Jarský et al. / Cent. Eur. For. J. 64 (2018) 195–206



the current state of non-forest land in the Czech republic 
and Slovakia – forest cover estimates based 
on the national inventory data

Vladimír Šebeň1, Miloš Kučera2, Katarína Merganičová3, 4, Bohdan Konôpka1, 4*

1National Forest Centre - Forest Research Institute Zvolen, T. G. Masaryka 2175/22, SK – 960 92 Zvolen, Slovak Republic
2Forest Management Institute, Nábřežní 1326, CZ – 250 01 Brandýs nad Labem – Stará Boleslav, Czech Republic
3Technical University in Zvolen, Forestry Faculty, Masarykova 54, SK – 960 53 Zvolen, Slovak Republic
4Czech University of Life Sciences Prague, Faculty of Forestry and Wood Sciences, Kamýcká 129,
CZ – 165 00 Praha 6 – Suchdol, Czech Republic 

abstract
We present the state and the development of forests on non-forest land in the area of the Czech Republic (CZ) and 
Slovakia (SK). The forests have a different origin, and are currently outside the interest of forest management, nor 
the whole forestry related legislation is applicable to them. The national forest inventory (NFI) was performed in 
CZ in the years 2001 – 2004 and 2011 – 2014, while in SK in the years 2005 – 2006 and 2015 – 2016. The NFI 
sampling was applied to all forests, i.e. to those growing on both forest and non-forest land. According to the NFI 
data, the current proportion of forests on non-forest land was not negligible, since in CZ it reached almost 10%, and 
in SK even more, 13%. While in CZ they were more evenly spatially distributed, in SK they occurred mainly in the 
central and eastern parts. Broadleaved tree species accounted for approximately two thirds of their growing stock. 
Their tree species composition was more diverse than the one on forest land. Carbon stock in tree (aboveground and 
belowground) biomass of forests on non-forest land was 28.5 ±1.6 million tons in CZ and 20.3 ±2.9 million tons in 
SK, which represented 7.7 ±0.4% and 7.7 ±1.1% of the total tree biomass in CZ and SK, respectively. Hence, it is 
important to take the forests on non-forest land into account, to see their current state positively, to include them to 
other forests and to try to maximise the use of their functions by society. 
Key words: national forest inventory; forests on non-forest lands; carbon in tree biomass; tree species composition; 
territory of former Czechoslovakia
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1. introduction
A man has been influencing natural environment for mil-
lennia. Land has long been used for agriculture and for-
estry, while the proportion of agricultural and forest land 
has been changing continually. For example, since 14th 
century forest complexes in the area of current Slovakia 
were substantially reduced due to the so called Walla-
chian colonisation (clearing of forests to form pastures; 
Vladár et al. 1982). Approximately at the same time, the 
intensity of mining and subsequent deforestation driven 
by timber demands for mining activities was increasing in 
the areas of the former Czechoslovakia (see e.g. Veľký et 
al. 1977; Špulák & Kacálek 2011; Lenoch 2014). Later, 
as population density was increasing, the demands on 
food production were growing. As a result, in the Middle 

Ages as well as in modern times, some parts were defor-
ested to increase the area of agricultural land. In the 18th 
century, the largest portion of landscape was agricultural 
land (Demek et al. 2012). 

In the territory of the former Czechoslovakia, organ-
ised forestry based on sustainability principles and forest 
legislation have a several-centuries-long tradition. The 
first legislative decisions focusing on forest registration 
and protection are known from the Middle Ages (e.g. 
the Maximilian Forest Regulations from the year 1565). 
The first comprehensive solution was presented by the 
Theresian Forest Regulations in the Czechia and Mora-
via (1754), Silesia (1756) and Slovakia (1769). Forests 
were protected to ensure the supply of wood resources 
and sustainable forest management, and to avoid defor-
estation. Moreover, some degraded deforested land 
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could not be used for agriculture any longer, and hence, 
some locations were systematically afforested (the first 
afforestation of drifting sands in the Záhorie region is 
known from 17th century). Surprisingly, the first legis-
lative regulations for planting seedlings did not refer to 
forests but to non-forest land to increase wood produc-
tion in the areas, where wood supply was insufficient. It 
did not always result in forest establishment, but also in 
planting of tree species along roads, rivers, settlements 
(Theresian Forest Regulations 1769, paragraphs 48-50). 
Regeneration planting in forests has been used since the 
19th century. Since the middle of 20th century, several 
research and practical afforestation activities of aban-
doned land in the areas of the Slovak Karst, Brezovské 
Carpathians, Krupinská planina and others have been 
ongoing (Zachar 1965).

Modernisation and intensification of agricultural 
production significantly increased hectare yields of main 
crops, which reduced the pressure on the size of agricul-
tural land. The original pressure on forests turned into 
gradual reduction of demands on agricultural land. At a 
national level, the changes in land use were solved also 
administratively, in the Land Register. For example, in 
the years 1955-59, the General plan to enhance agricul-
ture, forestry and water management (GP ZVL) was pre-
pared in Czechoslovakia, in which land delimitation was 
proposed with the goal to afforest or to administratively 
change the land category to forest land of more than 250 
thousand hectares in Slovakia and several million hec-
tares in the Czech Republic (Špulák & Kacálek 2011). 
The intention was fulfilled to about a half. In the year 
1994, the Government of the Slovak Republic approved 
the Afforestation Programme of agriculturally unusable 
land, but due to the lack of finances the programme was 
cancelled in 1999. Within the short time, approximately 
4 thousand ha of land were settled. According to the data 
in the Green Reports of Slovakia, the total area of for-
est land increased from 1.78 mill. ha in the year 1960 to 
1.98 mill. ha in the year 2000, and the total area of forest 
stands increased from 1.77 mill. ha in 1960 to 1.92 mill. 
ha in 2000. According to the data of the Czech Statisti-
cal Office, the area of forest land in the Czech Republic 
increased from 2.58 mill. ha in the year 1960 to 2.67 mill. 
ha in 2016.

After the year 1989, a new phenomenon, namely 
abandonment of agricultural land, occurred (Zaušková 
& Midriak 2008; Midriak et al. 2011; Zaušková et al. 
2012). Many agricultural cooperatives collapsed because 
of political changes, restitution and globalisation of food 
market, due to which farming at a number of less fer-
tile sites stopped (Kozak 2003). Hence, over the last 20 
years the proportion of agricultural land in the Western 
Carpathians decreased (Raczkowska et al. 2012). Aban-
doned meadows, pastures, fields, and orchards were 
gradually overgrown by different succession stages of 
bush and tree vegetation (Plesník 1987; Kozak 2003; 
Kuemmerle et al. 2008; 2009; Boltižiar & Olah 2013) or 

were artificially afforested (Kulla & Sitková 2012; Jas-
kowiec 2013; Merganičová et al. 2013). In Slovakia, such 
sites were named “white areas” (Zaušková et al. 2012). 
White areas encompass also other land that was not used 
for farming in the past, nor was registered as forest land, 
but which is currently overgrown with forests.

In the Czech Republic, many forests on non-forest 
land occur also in military training zones, which were 
abandoned or the intensity of their utilisation was 
reduced after the year 1989. This resulted in overgrowing 
of non-forest land by woody vegetation and their gradual 
transition to forests.

A small part of white areas is covered with older for-
est stands, which were historically incorrectly classified, 
and this incorrect category has been recorded in the Land 
Register. Currently, in the Czech and Slovak Republics as 
well as in the majority of post-communist countries (e.g. 
Pachova et al. 2004), there are two types of forest stands: 
(i) those growing on forest land, (ii) those growing out-
side the registered forest land, i.e. above mentioned white 
areas. While the first group of forest stands conforms to 
the forest law and forest management register, and their 
basic characteristics have been assessed, recorded and 
made available to professionals (data presented in the 
so-called Green reports, which are annually published 
by the Ministry of Agriculture), the second group repre-
sents a certain “black hole” in the register (Zaušková et 
al. 2012). Thus, until recently no exact quantification of 
forest stands covering these areas existed in the Czech 
and Slovak Republics.

National forest inventories (NFI) are special systems 
of data acquisition, which provide us with up-to-date 
and objective information on forest state and develop-
ment of large areas (the whole country or regions) for 
management, decision making, control and forecasting 
at a level of central organs of forestry, wood-processing 
industry, environment and other sectors (Šmelko et al. 
2008; Šebeň 2017). In the former socialistic countries, 
in which state ownership dominated, direct sampling on 
inventory plots was not used, but the data were acquired 
at a stand level using forest taxation surveys during the 
preparation of forest management plans (FMP), and 
were subsequently summarised (the so-called stand-wise 
or stand-level inventory). The main objective of FMP dif-
fers from NFI, and a simple summing up of such data 
has several disadvantages (different methods of data 
acquisition, unknown final accuracy, varying updating, 
etc.). Thus, after the change of the political regime, sam-
pling data acquisition started to be applied in the major-
ity of post-communist countries, namely in Lithuania 
from the year 1998, in Estonia from 1999, in Slovenia 
and former Eastern Germany from 2000, in the Czech 
Republic from 2001, in Latvia from 2004, in Slovakia, 
Croatia, and Romania from 2006, in Russia from 2007, 
and in Poland from 2009 (Šebeň 2017).

NFIs are based on a sampling method applied to rep-
resentatively distributed inventory plots over the whole 

208

V. Šebeň et al. / Cent. Eur. For. J. 64 (2018) 207–222



country. On these plots, forest state is precisely assessed, 
and the information representing the national level is 
derived using mathematical statistical methods (more 
in the Method chapter). The established network of per-
manent inventory plots allows us to assess and evaluate 
the forest state on the same plots repeatedly using the 
same approach also in the future in arbitrarily selected 
intervals (usually 10 years). Their “invisibility” reduces 
the risk that they would be intentionally managed in a 
different way as other parts of forest stands. This makes 
the comparison of forest states over a longer time more 
objective, and brings information on real changes in all 
assessed characteristics (Šmelko et al. 2008). An advan-
tage of NFI is the fact that all forested land is subjected 
to data acquisition, i.e. forests on forest land registered 
in the Land Register, and forests on non-forest (agricul-
tural and other) land. Unlike the data from FMP, they 
also provide us with the information about the forest state 
on non-forest land. Nowadays, it is the only source of 
detailed information about these forests in Slovakia. In 
the Czech Republic, the information about woody vegeta-
tion on non-forest land is available from NFI CZ as well 
as from the CzechTerra project, which is also based on 
the statistical field survey. In the Czech Republic, NFI 
recorded also other land categories covered with tree and 
shrub vegetation, such as Other Wooded Land (OWL) 
and Other Land with Tree Cover (OLwTC), which were 
not included in the presented analysis. The area of older 
forest stands on forest and non-forest land can be derived 
using remote sensing methods (Bucha et al. 2014; Hlásny 
& Sitková 2010; Jaskowiec 2013), but unlike NFI they 
are not able to provide us with other information about 
them, e.g. their tree species composition, stand structure, 
volume, etc., with sufficient accuracy.

The goal of our work was to analyse the state of for-
est stands growing on non-forest land in the Czech and 
Slovak Republics. In the case of the forested area, we 
quantified its state and the change between the two NFI 
cycles (10-year-long time interval), while in the case of 
other parameters we focused on the state determined in 
the 2nd NFI cycle. Next, the work evaluated the spatial 
distribution of white areas (in administrative units and 
vertical zones), tree species composition on the base of 
tree biomass, as well as carbon stock in living dendro-
mass. On the base of the calculations we evaluated the 
importance of these forest stands from the point of carbon 
sequestration, and we made a rough estimate of their con-
tribution to tree species diversity of forests at a national 
level. Finally, we outlined the perspective of these forest 
complexes with regard to their further management and 
in the context of necessary legislative changes.

2. Material and methods
To evaluate the currents state of forests on non-forest 
land we used the data from the terrestrial NFI surveys in 

the Czech Republic (CZ) and Slovakia (SK). The official 
term in SK is the National Forest Inventory and Monitor-
ing (NFIM) of the Slovak Republic (Šmelko et al. 2008). 
Apart from the data assessed within NFI, we also used 
other basic administrative data (area of countries and 
regions, population density, etc.) representing CZ and 
SK taken from other official sources (primarily statisti-
cal yearbooks).

The first NFI cycle was performed in CZ and SK in the 
years 2001 – 2004 (NFI1), and 2005 – 2006 (NFIM1), 
respectively, and the second NFI cycle in 2011 – 2015 
(NFI2) and 2015 – 2016 (NFIM2), respectively. Hence, 
the data from both cycles are available. In this paper we 
evaluated the state in the second cycle and the change 
between the cycles. The data refer to the middle of the 
field assessment intervals, i.e. in the case of CZ they refer 
to January 1st 2003 and 2013, while in the case of SK they 
refer to December 31st, 2005 and 2015. 

2.1. Forest definition and selection 
of land categories
The forest state was assessed at all inventory plots (here-
inafter as IP), which fulfilled the criteria of being covered 
by a forest, while we applied the international definition 
of a forest according to FAO (Food and Agriculture 
Organization of the United Nations) classification, spe-
cifically: “A forest is a land covered by tree vegetation 
with an area exceeding 0.5 ha, a minimal width of 20 m, 
and a canopy cover of more than 10%. Trees should 
reach the minimum height of 5 m in situ” (Adolt et al. 
2013; Šmelko et al. 2006; Šebeň et al. 2015). Temporar-
ily deforested stands, currently regenerated clearings, 
and young stands are also considered to be forests. The 
stands less than 20 m wide and the stands or land with 
predominantly agricultural or urban use are not consid-
ered to be forests.

The category of forest land was taken from avail-
able administrative GIS layers (Land Register, forest 
land, land designated to fulfil forest functions). In this 
study we included all non-forest land, also land which is 
not registered as forest land (e. g. cropland, grassland, 
orchards, gardens, water areas and settlements). In the 
case of CZ, the whole inventory plot (IP) was classified to 
the category on the base of the overlap of the plot centre 
with the map layer. In SK, the land category was assigned 
to individual sub-plots. 

2.2. Network and IP design
Forest inventories are based on the measurements of 
selected parts of forests using representatively distrib-
uted IPs. Their size is adjusted to assessment goals and 
optimised with regard to the accuracy of results and 
economic demands of measurements. A very similar 
sampling methodology was applied in both countries. 
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The basic area of a circular IP, within which field data 
acquisition was performed, was set to 0.05 ha (a radius 
of 12.61 m). Plot density differed between the countries.

2.2.1 Design in the Czech Republic 
NFI inventory plots are distributed in a square 2×2 km 
grid with a randomly chosen beginning, and a north-
south, east-west direction. Two inventory points (duplex) 
are placed inside each inventory square, and these points 
represent the centres of inventory plots. Within each IP, 
all trees with a diameter of at least 12 cm are measured 
and assessed, while trees with a diameter exceeding 7 
cm are assessed in circles with a radius of 3 m. Site con-
ditions, regeneration occurrence and other components 
listed in the supplement of the Government Regulation 
are also assessed. All plot centres were stabilised by the 
geodetic harpoon to ensure that they could be found again 
and re-measured. During the first inventory, 14,220 IPs 
classified as forests were assessed in the field. 

2.2.2 Design in Slovakia
From several density variants (from 1×1 to 8×8 km), a 
relatively sparse density of 4×4 km was selected due to 
the economic constraints and available financial sources, 
which enables sufficiently accurate results at a country 
level or at a level of large regions. The same design was 
applied in both cycles. The information spectrum of data 
and the assessment methodology was very similar to the 
Czech one. At each IP categorised as a forest, all trees with 
a diameter above 12 cm were measured, while trees with 
a diameter from 7 to 12 cm were assessed at a smaller 
circle with a radius of 3 m placed in the plot centre. The 
smallest regenerated individuals at least 10 cm high with 
a diameter at breast height d1.3<7 cm were assessed at a 
variable circle (more details in the methodology of NFIM, 
Šmelko et al. 2006; Šebeň et al. 2015). In total, there are 
3,069 IP in the whole country. Since the second cycle, the 
plots have been stabilised with an iron stake.

2.3. Field measurements

2.3.1 Working protocol in the Czech Republic
Field measurements of NFI2 were performed by 20 three-
member measuring crews, two groups were performing 
control activities. In the years 2011 to 2014, 15,426 plots 
were visited, out of which 14,521 plots were classified as 
forests. From this number, 1,527 plots occurred outside 
the land designated to fulfil forest functions. For the eval-
uation of NFI2, the data from 315,249 plots, on which 
photogrammetric interpretation of airborne and satellite 
images was performed, were also used.

2.3.2 Working protocol in Slovakia 
Field measurements were performed by 5 three-member 
inventory crews. In the first cycle of NFIM, 1,486 IPs were 
established between March 2005 and October 2006, out 
of which 209 IP were identified as forests on non-forest 
land. During the second cycle from May 2015 to Septem-
ber 2016, 1,498 IPs were revisited, and out of them 219 
IPs represented forests on non-forest land. The number 
of IPs on non-forest land could have been greater, but the 
category of some IPs changed to forest land during the 
period between the two cycles.

2.4. Biomass and carbon calculations
Biomass and subsequently carbon stock can be deter-
mined using several different approaches. In our case, 
biomass (above-ground and below-ground) was cal-
culated separately for each tree. Biomass of trees with 
a diameter of at least 7 cm and those below 7 cm was 
estimated using a different approach. The total tree bio-
mass was determined using available models separately 
for above-ground (bark, stem, stump, branches, foliage) 
and in Slovakia also for below-ground (roots, a part of 
stump) biomass. Carbon content was derived from bio-
mass for all trees in the same way: in SK a coefficient of 
0.5 was used, while in CZ the coefficients equal to 0.51 
and 0.49 were used for coniferous and broadleaved tree 
species, respectively. As documented below, the applied 
approaches of biomass calculation differed between the 
examined countries because if possible they were based 
on national material, but the results are comparable 
because both are based on representative data and on 
correct statistical approaches. 

2.4.1 Trees with diameter at breast height 
above 7 cm

2.4.1.1 Approach applied 
in the Czech Republic
National allometric equations derived for the four main 
tree species: spruce, pine, beech, and oak, were used 
for the calculation of tree biomass. These tree species 
account for more than 80% of the total growing stock. 
Biomass of other tree species was calculated by applying 
one equation of the four species on the base of tree species 
similarity. Tree diameter d1.3 and height h were used as 
input variables in the case of Norway spruce Picea abies 
Karst. (Vejpustková et al. 2017) and sessile oak Quercus 
petrea L. (Cienciala et al. 2008), while tree diameter d1.3, 
tree height h and elevation z were used as independent 
variables for Scots pine Pinus sylvestris L. (Cienciala et 
al. 2006) and European beech Fagus sylvatica L. (Vej-
pustková et al. 2013). The parametrised equations did 
not include stump and below-ground biomass. Stump 
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biomass was determined using dendrometric models 
of stump volume (Pařez 1990), which was converted 
to biomass using average wood density for each of the 
four above-mentioned main tree species. The models for 
beech and oak did not include foliage biomass, which was 
calculated using the model by Petráš et al. (1985). Below-
ground biomass was not accounted for in the basic NFI 
outputs, hence for the goals of this work we calculated 
below-ground biomass by multiplying summary values 
of aboveground biomass with an average coefficient 
(derived from the Slovak NFI data) equal to 0.25.

2.4.1.2 Approach applied in Slovakia
The applied approach was based on volume calculation 
and its subsequent conversion to biomass using species-
specific wood density. We used national volume equa-
tions derived for 11 tree species: Norway spruce, Silver 
fir (Abies Alba Mill.), Scots pine, European larch (Larix 
decidua Mill.), European beech, sessile oak, hornbeam 
(Carpinus betulus L.), birch (Betula pendula L.), alder 
(Alnus glutinosa L.), European ash (Fraxinus excelsior 
L.), poplar (Populus sp.), by several authors on the base 
of the experimental data from CZ and SK (Petráš & Pajtík 
1991). First, tree volume outside bark was calculated. 
This was subsequently multiplied with the coefficients 
of density of dry matter of living wood for individual tree 
species according to the NFI methodology (Šebeň 2017), 
and the above-ground biomass was calculated in mass 
units (kg). Stump and below-ground biomass of living 
trees was estimated using allometric equations (Drex-
hage & Colin 2001) for four main tree species (spruce, 
fir, beech, oak), while the equations for spruce and beech 
were applied to other coniferous and broadleaved tree 
species, respectively. This biomass was then added to 
above-ground biomass. The allometric equation for 
spruce determines biomass excluding the stump, the 
biomass of which was calculated using a national model 
(Šmelko, in Šebeň 2017) similarly as in the case of CZ 
data. The differences in the density of bark and wood in 
different components (stem, roots, branches) were not 
accounted for. Foliage biomass was also added. National 
models of foliage biomass (Petráš et al. 1985) derived for 
three tree species (spruce, pine, beech) were used, while 
the equations for spruce and beech were applied to other 
coniferous and broadleaved tree species, respectively.

 
2.4.2 Biomass of trees with diameter 
at breast height below 7 cm

2.4.2.1 Approach applied 
in the Czech Republic
The above-ground biomass of thin trees (with minimum 
height equal to 0.1 m and maximum diameter of 6.99 cm) 
was estimated using regression models by Konôpka et al. 

(2010) derived for four main tree species – spruce, pine, 
beech, and oak. Other tree species were assigned to one of 
the main species with regard to the habitat similarity (e.g. 
hornbeam according to beech, fir according to spruce, 
etc.). The model with a tree height as an independent vari-
able was applied. Similarly, as in the case of thick trees, 
below-ground biomass was estimated using a coefficient 
of 0.25 derived from the Slovak NFI data, and was added 
to above-ground biomass.

2.4.2.2 Approach applied in Slovakia
We applied national allometric regression models derived 
for eleven tree species (Pajtík et al. 2018): spruce, pine, 
larch, beech, oak, hornbeam, European ash, Sycamore 
(Acer pseudoplatanus L.), Goat willow (Salix caprea 
L.), Rowan (Sorbus aucuparia L.), and common aspen 
(Populus tremula L.). Other tree species were assigned 
to similar tree species (more in the methodology of Šebeň 
2017).

 
2.5. Statistical analyses
NFI is a sampling method, and thus all mentioned char-
acteristics A, y, Y, p are sampling characteristics, and 
their particular values represent only one of many pos-
sible values, which could be obtained if the inventory with 
the same design was repeated several times. Sampling 
characteristics estimate real values of parameters valid 
for the whole population (the whole inventoried area). 
They were estimated statistically from the sampling set 
(NFI database) following the NFI methodology (Adolt et 
al 2013; Šebeň 2017). A confidence interval (CI), within 
which a particular parameter lies with confidence P (we 
used 95%), was determined. Hence, the result is a sam-
pling characteristic ± a sampling error (in the case of 95% 
CI we used a sampling error multiplied by 1.96).

3. results 

3.1. Forest area on non-forest land 
by administrative units
The total forest area on non-forest land derived from 
NFI2 was equal to 287 ±15 thousand ha and 288 ±39 
thousand ha in the Czech Republic and Slovakia (Tables 
1a and 1b), respectively. In both countries we recorded 
a slight (statistically insignificant) increase in their area 
since the time of NFI1 (when the forest area on non-forest 
land was 283 ±15 thousand ha and 273 ±41 thousand ha 
in CZ and SK, respectively). The proportion of the total 
area of CZ covered by forests on non-forest land was 3.6 
±0.2%, while in SK it was 5.9 ±0.8%. The share of forests 
on non-forest land in the total forest area was 9.9 ±0.5% 
and 13.0 ±1.7% in CZ and SK, respectively.
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The forests on non-forest land in CZ were distributed 
much more evenly than in SK. The lowest proportion of 
forests on non-forest land from the total regional forested 
area was found in Královohradecký and Olomoucký 
regions (7%), and the highest in Ústecký region (15%). 

The value in Prague (20 ±17%) was not very precise due 
to its small forested area (4.0 ± 2.3 thousand ha). In Slo-
vakia, substantial regional differences were revealed: 
minimum regional proportion of forests on non-forest 
land was found in the south-western part (Bratislavský 

table 1a. Area of forests on “forest land” (FL) and non-forest land (NFL) in the regions of the Czech Republic derived from the 
data of both National Forest Inventory cycles. 

Name of region 
(acronym)

NUTS 3 Area of region
NFI1(2001 – 2004) NFI2(2011 – 2014)

Forest FL Forest NFL Proportion 
NFL/(FL+NFL) Forest FL Forest NFL Proportion: 

NFL/(FL+NFL)
Code [ths. ha] [%] [ths. ha] [%]

Hlavní m. Praha (PR) CZ010 50 4 ±2 1 ±1 20.0 ±17.3 4 ±2 1 ±1 25.9 ±18.8
Středočeský (ST) CZ020 1 101 308 ±17 31 ±5 9.2 ±1.5 308 ±17 32 ±5 9.5 ±1.5
Jihočeský (JH) CZ031 1 006 362 ±17 51 ±7 12.4 ±1.7 374 ±17 43 ±6 10.2 ±1.4
Plzeňský (PL) CZ032 756 294 ±15 31 ±5 9.5 ±1.5 296 ±15 28 ±5 8.6 ±1.5
Karlovarský (KA) CZ041 331 141 ±10 19 ±4 11.7 ±2.5 142 ±10 22 ±4 13.2 ±2.6
Ústecký (US) CZ042 533 157 ±12 23 ±4 12.6 ±2.5 156 ±12 28 ±5 15 ±2.6
Liberecký (LI) CZ051 316 134 ±10 17 ±4 11.5 ±2.4 131 ±10 19 ±4 12.4 ±2.5
Královéhradecký (KR) CZ052 476 156 ±12 11 ±3 6.3 ±1.7 156 ±12 11 ±3 6.7 ±1.8
Pardubický (PA) CZ053 452 135 ±11 11 ±3 7.5 ±2 133 ±11 13 ±3 9 ±2.2
Vysočina (VY) CZ063 693 196 ±13 18 ±4 8.5 ±1.8 196 ±13 18 ±4 8.3 ±1.7
Jihomoravský (JM) CZ064 707 189 ±13 21 ±4 9.8 ±2.1 194 ±14 19 ±4 9.1 ±1.9
Olomoucký (OL) CZ071 516 180 ±13 11 ±3 5.8 ±1.6 180 ±13 13 ±3 6.5 ±1.7
Zlínský (ZL) CZ072 396 162 ±11 18 ±4 9.8 ±2.2 161 ±11 18 ±4 10 ±2.1
Moravskoslezský (MO) CZ080 554 190 ±13 21 ±4 10.1 ±1.9 187 ±13 23 ±4 10.8 ±2
Czech Republic CZ 7 887 2 607 ±47 283 ±15 9.8 ±0.5 2618 ±47 287 ±15 9.9 ±0.5

Explanatory note: The NUTS3 code is administrative identification for EUROSTAT (Nomenclature des Unitées Territoriales Statistiques).

table 1b. Area of forests on “forest land” (FL) and non-forest land (NFL) in the regions of Slovakia derived from the data of both 
National Forest Inventory cycles. 

Name of region 
(acronym)

NUTS3 Area of region
NFI1 (2005 – 2006) NFI2 (2015 – 2016)

Forest FL Forest NFL Contribution 
NFL/(FL+NFL) Forest FL Forest NFL Contribution 

NFL/(FL+NFL)
Code [ths. ha] [%] [ths. ha] [%]

Bratislavský (BA) SK011 205 75 ±18 2 ±4 2.8 ±4.7 76 ±21 2 ±3 2.1 ±3.9
Trnavský (TT) SK021 415 62 ±18 3 ±4 4.9 ±6.6 62 ±19 3 ±4 4.9 ±6.7
Trenčiansky (TN) SK022 450 221 ±27 24 ±12 9.7 ±4.5 222 ±35 27 ±11 10.9 ±5.0
Nitriansky (NR) SK023 634 85 ±22 5 ±6 5.5 ±5.9 86 ±22 11 ±7 11.7 ±8.2
Žilinský (ZA) SK031 681 351 ±33 54 ±18 13.4 ±3.9 358 ±44 43 ±14 10.8 ±3.9
Banskobystrický (BB) SK032 945 450 ±39 57 ±19 11.2 ±3.3 447 ±49 78 ±18 14.8 ±4.0
Prešovský (PO) SK041 897 403 ±43 84 ±25 17.2 ±4.5 411 ±47 86 ±18 17.4 ±4.4
Košický (KE) SK042 675 253 ±28 46 ±14 15.3 ±4.2 262 ±38 37 ±13 12.4 ±4.8
Slovakia SK 4 903 1 901 ±86 273 ±41 12.6 ±1.7 1 924 ±54 288 ±39 13.0 ±1.7

Fig. 1. Area [ths. ha] and share [%] of forests on non-forest land from total area of the individual regions in the Czech Republic 
and Slovakia.
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region 2.1 ±3.9%, Trnavský region 4.9 ±6.7%), while in 
the central and north-eastern Slovakia their proportion 
was relatively high (14.8 ±4.0% in Banskobystrický, and 
Prešovský regions). Greater differences were found in the 
total forest area on non-forest land. In the Czech Repub-
lic, the smallest area of forests on non-forest land equal to 
11 ±3 thousand ha was in Královohradecký region, while 
the largest area of these forests was recorded in Jihočeský 
region with 43 ±6 thousand ha. In Slovakia, the smallest 
area of forests on non-forest land (2 ±3 thousand ha) was 
in Bratislavský region, followed by Trnavský region (3 ±4 
thousand ha), while in Banskobystrický and Prešovský 
regions forests on non-forest land covered 78 ±21 and 86 
±22 thousand ha, respectively.

The comparison of NFI2 to NFI1 showed that the area 
of forests on non-forest land in CZ slightly but insignifi-
cantly increased with time. Similarly, every increase in 
the area of these forests at a regional level was also insig-
nificant. Likewise, the proportion of forests on non-forest 
land increased also in SK, but the change was not signifi-
cant (their NFIM1 proportion was 12.6 ±1.7% compared 
to 13.0 ±1.7% from NFIM2). The greatest changes were 
recorded in Nitriansky region (increase from 5 ±6% to 11 
±8%) and Košický region (decrease from 15 ±4% to 12 
±5%). However, the reduction of forests on non-forest 
area was not caused by deforestation, but resulted from 
the change of land category from non-forest to forest 
land.

3.2. Forest area on non-forest land 
by elevation zones
The analysis of forests on non-forest land showed a 
decreasing trend with elevation (Fig. 2). Higher propor-
tion of these forests out of the total area was found at 
lower elevations. In SK, more forests on non-forest land 
were recorded also at an elevation above 700 m a.s.l., but 
they were not found above 1,100 m a.s.l.

If we look at their share of the area of an elevation 
zone (Table 2, available data only for SK), the situation is 
slightly different. While the share of forests on non-forest 
land in the zone below 400 m a.s.l. out of the total area 

was less than 5%, their share in the elevation zone above 
400 m exceeded 7%.

3.3. Growing stock and tree species 
composition
Wood volume of forests indicates their production poten-
tials, but it is also significantly affected by their past devel-
opment (stand age) and management (performed selec-
tive felling). With regard to the relatively lower age of the 
majority of stands on non-forest land due to the massive 
abandonment of agricultural land after the year 1989 it 
is natural to expect lower growing stock than in forests 
on forest land (Table 3). 

In the Czech Republic, the average growing wood 
stock per hectare in forests on non-forest land was 224 
±10 m3 ha−1, which was around 60 million m3 in total. 
In Slovakia, the average hectare growing stock of these 
forests was lower, equal to 159 ±22 m3 ha−1. This was 
approximately a half of the growing stock of forests on 
forest land, which equaled to 303 ±12 m3 ha−1 in SK and 
around 337 m3 ha−1 in CZ. The total stock of forests on 
non-forest land in Slovakia was 45.5 ±6.7 mill. m3, i.e. 

table 2. Extent of forests on non-forest land (NFL) and their share of the total forest area (FL+NFL) by elevation zones in the 
Czech Republic and Slovakia according to the second cycle of NFI.

Elevation 
[m a. s. l.]

Czech Republic Slovakia 
Forest area Share Forest cover Forest area Share Forest cover

[ths. ha] [%] [ths. ha] [%]
< 400 111 ±10 38.7 ±3.3 not available 116 ±20 40.3 ±7.1 4.5 ±0.8
400–700 153 ±11 53.3 ±3.9 not available 103 ±20 35.7 ±6.8 7.4 ±1.4
>700 23 ±4 8.0 ±1.5 not available 69 ±17 24.0 ±5.9 7.2 ±1.6
Total 287 ±15 100 3.4 ±0.1 288 ±39 100 5.9 ±0.5

table 3. Growing stock and tree species composition of forests on non-forestland.

Species group
Czech Republic NFI2 (2011 – 2014) Slovakia NFI2 (2015 – 2016)

Growing stock Share Growing stock Share
[m3 ha−1] [mill. m3] [%] [m3 ha−1] [mill. m3] [%]

Coniferous 81 ±8 21.8 ±2.5 36.1 ±4.1 48 ±14 13.7 ±3.5 30.1 ±6.1
Broadleaved 143 ±9 38.5 ±3.2 63.9 ±5.2 111 ±19 31.8 ±5.5 69.9 ±11.7
Total 224 ±10 60.3 ±4.3 100 159 ±22 45.5 ±6.7 100

Fig 2. Share of forests on non-forest land (NFL) of total forest 
area (FL+NFL) by elevation zones in the Czech Republic (CZ) 
and Slovakia (SK). 
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7.3 ± 1.4% of the total stock of Slovak forests according 
to NFIM2, while their proportion in the Czech Republic 
was 6.5 ± 0.5%. Approximately 2/3 (in CZ slightly less, 
in SK slightly more) of the growing stock of forests on 
non-forest land came from broadleaved species, which 
are however less productive than coniferous tree species.

Tree species composition of forests on non-forest 
land differed from the species composition of forests 

on forest land (Fig. 3). Great differences were recorded 
particularly in the proportion of commercial tree species. 
Forests on non-forest land had a more varied tree spe-
cies composition (calculated from growing stock). In CZ, 
spruce is a dominant tree species in forests on forest land 
accounting for more than a half of the total growing stock. 
Although its proportion was high also in forests on non-
forest land, it was only about a half of its proportion on 

Fig. 3. Comparison of tree species composition (derived from growing stock) between forests on forest-land and non-forest land 
in the Czech Republic and Slovakia (NFI2 data). 

Fig. 4. Tree species composition based on growing stock in forests on non-forest land by NUTS3 regions (NFI2 data), the size of 
circular charts indicates forest area in the respective region. 
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forest land (Fig. 3). Softwood broadleaved species, birch, 
and oaks had substantially higher proportions in forests 
on non-forest land. In SK, beech and spruce are dominant 
species in forests on forest land (together they make a half 
of the total growing stock). On non-forest land, spruce 
dominated, but its proportion was lower than on forest 
land. The share of beech on non-forest land was much 
lower than on forest land (it accounted only for 1/10 of 
the growing stock). Softwood broadleaved species rep-
resented by different poplar, willow, and alder species 
had higher proportions.

At a regional level, tree species composition in for-
ests on non-forest land varied a lot (Fig. 4). In CZ, spruce 
and other coniferous species occurred in all regions. In 
Vysočina region, spruce proportion was almost 50%, 
while the lowest proportion of spruce was found in 
Ústecký region and Praha (although the results derived 
from NFI for Praha are not accurate because of its small 
forest area, similarly as it is in the south-western part of 
Slovakia). Hardwood and softwood broadleaves had high 
proportions particularly in Moravia and Silesia parts. 
Spruce dominated only in the northern part of Slovakia, 
Žilinský region, accounting for more than 2/3 of the total 
stock of forests on non-forest land, while in other regions 
broadleaved species prevailed. Softwood broadleaves 
and alder were dominant in the south-western Slova-
kia. Their proportion was high also in Košický region. 
Tree species composition in forests on non-forest land 
of other regions was more diverse and more even, since 
their proportions did not exceed 1/4.

In the Czech Republic, 67 different tree species and 8 
shrub species reaching tree size (i.e. a diameter at breast 
height of at least 7 cm and a height of 5 m) were identified 
in forests on non-forest land (and 79 species on forest 
land) within NFI2, out of which 40 most common species 
are presented in Appendix table 1. Broadleaved species 
prevailed, since their proportion from the total stock was 
63.9 ± 5.2%. Spruce with the proportion of 26% was the 
most common tree species in forests on non-forest land. 
The most common broadleaved species in these forests 
was the common alder with the proportion exceeding 
10%, followed by birch with 5% and the pedunculate oak.

In Slovakia, 50 tree species were identified in forests 
on non-forest land in comparison to 58 species on for-

est land, and the 40 most frequent species on non-forest 
land are listed in Appendix table 2. Broadleaved species 
prevailed, since their proportion from the total stock 
reached almost 70%. Spruce was the most common 
coniferous species, as its growing stock proportion was 
23%, while the shares of broadleaved species were more 
even, the highest was found for beech (11%), followed 
by alder (9%), hornbeam (8%), and birch (7%), and the 
other tree species accounted only for less than 5% of the 
total stock each. The total growing stock of merchantable 
wood (exceeding a diameter of 7cm) inside bark in Slovak 
forests on non-forest land was 36.4 ±5.3 mill. m3 in the 
year 2005, and 45.5 ±6.7 mill. m3 in 2015, which means 
that in 10 years it increased by 1/4.

3.4. Carbon stock in tree biomass
The total (above-ground and below-ground) average 
carbon stock per hectare in forests on non-forest land 
in the Czech Republic was 116 ±9 t ha−1 (Table 5). The 
total carbon stock in the forests of non-forest land was 
28.5 ±1.6 million tons of carbon. The absolute major-
ity of carbon stock (28.1 ±1.6 mill. t) was cumulated in 
merchantable wood (i.e. in trees with diameter at breast 
height over 7 cm). The total (above-ground and below-
ground) average carbon stock in all forests of the Czech 
Republic (on both forest and non-forest land) was 132 
±3 t ha−1. Hence, the average carbon stock of forests on 
non-forest land was 90% of the average carbon stock per 
hectare in all forests, and their contribution in the total 
forest carbon stock of the country was 8%. 

In Slovakia, the average carbon stock in forests on 
non-forest land was 70.8 ±6.6 t per hectare, which is sig-
nificantly lower than in the Czech Republic, only 61% of 
the Czech average carbon stock. Three quarters of the 
total carbon stock were cumulated in broadleaved trees, 
which is more than their proportion from the growing 
stock. A dominant part, more than 95% of the carbon 
stock, was in trees with a diameter of at least 7 cm. In 
the case of trees with diameters below 7 cm, coniferous 
tree species contributed to carbon stock less than those 
with diameters above 7 cm. Carbon stock of forests on 
non-forest land in Slovakia was approximately a half of 
the carbon stock of forests on forest land (56%).

table 5. Carbon stock in forest stands on non-forest land in the Czech Republic and Slovakia (2nd cycle of the NFI).

Tree diameter group Tree species 
group

Czech Republic Slovakia
Carbon stock Carbon stock

[t ha−1] [mill. t] [t ha−1] [mill. t]

DBH≥7 cm
Coniferous 27.3 ±4.3 6.7 ±0.6 15.8 ±3.9 4.5 ±1.1
Broadleaved 87.3 ±9.3 21.4 ±1.4 52.2 ±8.0 15.0 ±2.3
Total 114.5 ±9.4 28.1 ±1.6 68.0 ±5.0 19.5 ±2.5

DBH<7 cm
Coniferous 0.4 ±0.2 0.1 ±0.0 0.4 ±0.4 0.1 ±0.1
Broadleaved 1.2 ±0.4 0.3 ±0.0 2.4 ±1.2 0.7 ±0.3
Total 1.6 ±0.4 0.4 ±0.1 2.8 ±1.2 0.8 ±0.4

Total
Coniferous 27.6 ±4.3 6.8 ±0.6 16.2 ±3.9 4.6 ±1.1
Broadleaved 88.4 ±9.3 21.7 ±1.4 54.6 ±8.2 15.7 ±2.4
Altogether 116.1 ±9.3 28.5 ±1.6 70.8 ±6.6 20.3 ±2.9
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3.5. Forests on non-forest land in relation 
to population density
The average area of forests on non-forest land per thou-
sand inhabitants was 25.3 ha in CZ, and 52.8 ha, i.e. 
twice as much, in SK (Fig. 5). The differences between 
CZ regions were not big, in the majority of regions the 
average area fluctuated around 20 ha per thousand 
inhabitants. The variability in SK was much higher. 
While in the regions of the south-western part of SK, the 
area fluctuated around 5 ha per thousand inhabitants, 
in Prešovský region the area was equal to 100 ha and in 
Banskobystrický region 120 ha per thousand inhabitants.

4. discussion and conclusion
Forests on non-forest land are a specific feature of post-
socialistic countries in Europe, and hence also in the 
Czech Republic and Slovakia. In Slovakia, forest man-
agement uses the term “white areas” to refer to them. In 
other countries of Europe, a forest is understood unam-
biguously and without any differences. Forests on non-
forest land are either not identified separately, or have 
only a small proportion. The term “forests on non-forest 
land” is usually not used.

However, the majority of reports about forest state in 
CZ and SK (e.g. State of Europe’s Forests – SoEF, For-
est Resource Assessment – FRA) as well as the so-called 
national Green Reports, presented only the data on for-
ests on forest land (the land registered as forest land in 
the Land Register). So far, only the area of forests on non-
forest land has been presented, and the value is usually 
substantially underestimated. For example, the Slovak 

Fig. 5. Forest area on non-forest land (NFI2 data) in relation to population density by administrative units of the Czech Republic 
and Slovakia (acronyms are shown in Table 1). Human population data sources: www.eprehledy.cz, https://sk.wikipedia.org.
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Green Report for the year 2005 reported only 32 thou-
sand ha of such forests. The first national forest inventory 
enabled to determine their state and structure in more 
detail and more precisely. The results showed that the 
actual area of such stands is much (several times) higher.

The causes and conditions of establishment of these 
stands have not been clearly identified. Many of these for-
ests originated from the time after the collapse of social-
ism in the early 90s of the last century when large-scale 
croplands and pastures had been abandoned (Kuemmerle 
et al. 2008; Jaskowiec 2013). Such forest expansion was 
reported also from other countries, e.g. Poland (Kozak 
2003), Ukraine (Kuemmerle et al. 2008), Romania (Grif-

fiths et al. 2013). However, NFIM1 data from Slovakia 
showed that 10% of the forests on non-forest land were 
older than 60 years old (Šmelko & Šebeň 2009). These 
older stands on non-forest land indicate historic incon-
sistencies in the Land Register (for more details see e.g. 
Midriak et al. 2011). Other parts represent forest areas 
on agricultural land adjacent to forest land. They are sur-
rounded or placed in the middle of forest land, and cannot 
be practically visually distinguished in the field.

Such areas occurred in former Czechoslovakia in the 
second half of 20th century as a result of collectivisation 
and the establishment of joint farm cooperatives that 
focused on increasing the efficiency of agricultural land 
use. If the area of large-scale agricultural land exceeded 
the area necessary for the production of the expected 
amount of agricultural crops, management selected more 
fertile parts accessible for machinery, and the remaining 
parts were left abandoned. Such forest expansion result-



ing from centralised agriculture after WW2 was con-
firmed at local and regional scales by e.g. Merganičová 
et al. (2013, 2014). The interest for less fertile agricultural 
land (particularly former pastures) was further reduced 
after the political changes in November 1989 (Zaušková 
et al. 2012).

The analysis of land categories revealed that in Slo-
vakia white areas were located primarily on agricultural 
land, mainly on permanent grassland (75%), followed by 
other land (13%), and to lesser extent also on arable land, 
water areas, built-up areas, gardens. The analysis of the 
ownership structure (Šebeň 2017) showed that 3/4 of the 
forest area on non-forest land belonged to private own-
ers, and about 1/10 to unknown owners. The remaining 
minor part was owned by state, municipalities, or church.

Our results showed that in the year 2015, the total 
area of forests on non-forest land was almost the same 
in both examined countries (287 ±15 thousand ha in 
CZ versus 288 ±39 thousand ha in SK). However, con-
sidering the total area of the respective country, forests 
on non-forest land in Slovakia covered almost twice as 
much of the country area as in CZ (5.9 ±0.5% versus 3.4 
±0.1%). From the point of their distribution with regard 
to elevation, the highest proportion of forests on non-
forest land in CZ was found at elevations 400–700 m 
a.s.l. (53.3 ±3.9%), while in Slovakia at lowest elevations 
below 400 m a.s.l. (40.3 ±7.1%). In general, land use of 
montane areas has been reported to be more stable in 
comparison to lowlands, where land use intensification 
was frequently applied (Boltižiar & Olah 2013). Over 
a period of 2001 to 2009, the most intensive land cover 
changes in the Carpathians were observed at low eleva-
tions (below 200 m a.s.l.), while areas at higher eleva-
tions experienced the smallest modifications (Jaskowiec 
2013). However, a number of works showed that the real 
differences in land cover change occur at local or regional 
levels (Kuemmerle et al. 2008). It has been documented 
that some areas have remained unchanged since the first 
Austrian military mapping, e.g. 95% of the forests in the 
Poľana Biosphere reserve in Slovakia has not changed 
since 1782 (Boltižiar & Olah 2013), while other areas 
show high temporal alternations. Thus, we examined 
the regional distribution of forests on non-forest land. 
The distribution of these forests by administrative units 
is more even in CZ, while in SK greater regional differ-
ences were found with the smallest share of forests on 
non-forest land in the south-west and the highest share 
in the east of the country. 

From the point of average growing stocks per hec-
tare (merchantable wood inside bark), the values in CZ 
forests on non-forest land were by 40% higher (224 ±10 
m3 ha−1) than those in SK (159 ±22 m3 ha−1). The ratio 
of the growing stock of coniferous to broadleaved tree 
species was similar in both countries (1:2). Tree spe-
cies composition of forests on non-forest land was more 
diverse than those on forest land. This results from natu-
ral forest expansion and is in accordance with ecologi-

cal succession theory. In both countries, spruce was the 
most common coniferous species (25.9 ±3.5% in CZ, and 
22.6 ±5.5% in SK). From broadleaved species, alder and 
oak species were more abundant in CZ, while beech and 
hornbeam prevailed in SK (Fig. 3). 

In spite of the fact that forest stands on former agricul-
tural land indicate the trend of reduced systematic land 
use, their expansion has also positive consequences. 
Forest expansion is coupled with the increase of forest 
biomass, and hence also the sequestered carbon stock. 
Carbon sequestration is considered as one of the main 
approaches how to reduce CO2 in the air (the so-called 
mitigation measure, Lindner & Karjalainen 2007). At the 
same time, carbon budget of forest ecosystems is sub-
stantially better than the one of arable land because of sig-
nificantly longer rotation period of biomass, greater bio-
mass amount, as well as continuous carbon conservation 
in soil environment (e.g. Smith et al. 2008). Thus, many 
European countries claimed extending forest area as 
a part of their carbon strategy policy. The Czech Republic 
declared national rural development including afforesta-
tion, while Slovakia suggested carbon stock inventory as 
a key measure in these processes (Forest Europe 2015). 
In addition, prevailingly mixed forest stands growing on 
“white areas” may represent species-rich biotopes in both 
flora and fauna and fulfil a broader range of ecosystem 
services than agricultural land. Apart from production of 
high-quality food on agricultural land, this kind of forest 
stands would positively contribute to human life standard 
as it was defined for instance by the Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem 
Services (IPBES; Díaz et al. 2018). 

From the point of carbon sequestration, forests on 
non-forest land have lower biomass amount, and hence 
lower carbon stock, than forests on forest land. Their 
positive feature is that they have more active carbon bal-
ance (they cumulate more carbon than they emit because 
of their low age and relatively faster growth). They also 
have higher tree species diversity and evenness. The four 
most frequent tree species (spruce, pine, beech, and oak) 
in forests contribute to biomass amount in forest stands 
on forest land in the CZ by 79%, while their proportion on 
non-forest land was only 46%. Similarly, in SK their share 
on forest land is 84%, but only 46% on non-forest land. 

The lack of management, or the lack of optimal man-
agement, is the main shortage of the current state of these 
forest stands on non-forest land. This means that no for-
est management plans are elaborated for or applied to 
them. The Forest Europe (2015) document showed that 
management plans are not mandatory in all European 
countries, since only 70% of European forests are under 
management plans. However, this number is assumed 
to increase in the future. In addition, in both the Czech 
Republic and Slovakia, “white areas” covered by forests 
are usually not managed using standard forestry practice. 
Obviously, restoration and development of forest cover 
at these areas is spontaneous, without any systematic 
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human interventions, except for the occasional harvest. 
Forest felling is performed exclusively based on deci-
sions of a land owner often without respecting the prin-
ciples on optimising yield potential. Low-quality wood 
originated from these stands is prevailingly utilised for 
energetic purposes (Oravec & Slamka 2018) that repre-
sents “undesirable” carbon emission to the atmosphere 
(however, see Stockmann et al. 2012 versus Creutzig et 
al. 2015). Therefore, there are many tasks to be solved in 
management of forests stands on white areas, and a con-
ceptual approach requires reliable information (such as 
we have presented in this work) about their actual state. 

The analysis of NFI data showed that forests on non-
forest land cover a relatively high proportion of forested 
area, specifically around 10% in the Czech Republic and 
13% in Slovakia. With regard to such a great extent of 
“white areas” and landscape management, it would be 
best to change their land category to forest land. This 
results also from the Slovak Act No. 220/2004 Coll. on 
protection and use of agricultural land, according to 
which an owner, a tenant or a manager of agricultural 
land is obliged to arrange the land category registered 
in the Land Register that would coincide with its current 
state and use.

Considering the national as well as international 
importance of this land, sufficient amount of financial 
sources should be allocated to the extensive changes from 
state (public) resources, or eventually from EU structural 
funds. Due to the inconsistencies in the Land Register, 
administrative demands of these changes also increase. A 
part of these lands (mainly the more fertile ones) could be 
used for agriculture, particularly when the subsidy agrar-
ian policy is consistently applied. The parts which will 
obviously not be used for agricultural purposes, should 
be moved to the forest land category in the Land Register. 
This requires several steps: identification, mapping and 
administrative re-categorisation. Currently, this process 
is explicitly linked to the owner´s request. Apart from the 
problems with the identification of e.g. unknown own-
ers, the reluctance of owners to make such a change in 
the land category is a big issue, because at such sites 
relatively strict forestry legislation does not have to be 
followed (managing forests following forest manage-
ment plans). We consider it appropriate to change this 
process, and to allow the possibility of the administrative 
re-categorisation of the land that has not been utilised for 
a long time (e.g. over 10 years) even without the owner’s 
consent.

Out of many necessary steps that need to be per-
formed in this field we would like to mention basic for-
estry measures, i.e. practical recommendations (see also 
Šmelko & Šebeň 2009):
 – Since forests on non-forest land are positive com-

ponents of landscape, they should become a part of 
other forests also from the legislative and manage-
ment point of view to ensure that they are protected 
by the Forest Act.

 – The land covered by large compact dense forest 
stands with a sufficient proportion of commercial tree 
species should be re-categorised to forest land, and 
should be managed to ensure its prevailing function.

 – An effort should be developed (a joint strategy of 
post-communist countries – current EU members) 
to ensure that the EU financial support for afforesta-
tion of inappropriate agricultural land could also be 
applied to these forests on non-forested land.
According to us, it is important to take the forests on 

non-forest land into account, to see their current state 
positively, to include them to other forests and to try to 
maximise the use of their functions by society. In addition, 
we recommend a joint strategy of former post-communist 
countries – current EU members, to promote financial 
support for afforestation, or standard management of 
forest stands on non-forest land from EU sources.
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appendix tables  

table a1. Tree species composition of forests on non-forest land in the Czech Republic based on the data of the 
NFI2 (2011 – 2014).

Group Tree species
Growing stock

[mill. m3] [%]

Coniferous

Picea abies 15.6 ±2.1 25.9 ±3.5
Pinus sylvestris 4.5 ±0.8 7.5 ±1.4
Larix decidua 1.2 ±0.4 2.0 ±0.6
Abies alba 0.3 ±0.2 0.5 ±0.3
Others coniferous <0.1 <0.1
Total 21.8 ±2.5 36.1 ±4.1

Broadleaved

Alnus glutinosa 7.1 ±1.3 11.8 ±2.1
Quercus robur 5.0 ±1 8.3 ±1.7
Betula pendula 3.7 ±0.6 6.2 ±0.9
Fraxinus excelsior 2.6 ±0.6 4.2 ±1.1
Populus tremula 2.3 ±0.5 3.8 ±0.8
Acer pseudoplatanus 2.1 ±0.5 3.5 ±0.8
Salix alba 2.1 ±0.5 3.4 ±0.8
Populus nigra 1.8 ±1 3.0 ±1.7
Tilia cordata 1.7 ±0.5 2.8 ±0.9
Fagus sylvatica 1.4 ±0.5 2.3 ±0.8
Quercus petraea 1.3 ±0.4 2.2 ±0.7
Robinia pseudoacacia 1.3 ±0.5 2.1 ±0.8
Carpinus betulus 1.0 ±0.3 1.6 ±0.5
Salix caprea 0.8 ±0.2 1.3 ±0.3
Cerasus avium 0.8 ±0.2 1.2 ±0.3
Acer platanoides 0.6 ±0.3 1.0 ±0.5
Alnus incana 0.4 ±0.2 0.7 ±0.4
Populus x. 0.4 ±0.4 0.6 ±0.7
Acer campestre 0.3 ±0.1 0.5 ±0.2
Tilia platyphyllos 0.2 ±0.2 0.3 ±0.3
Sorbus aucuparia 0.2 ±0.1 0.3 ±0.1
Sambucus nigra 0.2 ±0.1 0.3 ±0.1
Others hardwood 0.2 ±0.1 0.2 ±0.2
Coryllus avellana 0.1 ±0.1 0.2 ±0.1
Pyrus pyraster 0.1 ±0 0.2 ±0.1
Quercus rubra 0.1 ±0.1 0.2 ±0.2
Ulmus laevis 0.1 ±0.1 0.2 ±0.1
Padus racemosa 0.1 ±0.1 0.2 ±0.1
Malus sylvestris 0.1 ±0 0.2 ±0.1
Crataegus sp. 0.1 ±0 0.2 ±0.1
Padus serotina 0.1 ±0.1 0.2 ±0.1
Prunus spinosa 0.1 ±0.1 0.1 ±0.1
Acer negundo 0.1 ±0.1 0.1 ±0.1
Ulmus glabra 0.1 ±0 0.1 ±0.1
Salix sp. 0.1 ±0 0.1 ±0.1
Ulmus minor <0.1 0.1 ±0.1
Total 38.5 ±3.2 63.9 ±5.2
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table a2. Tree species composition of forests on non-forest land in Slovakia based on the data of the NFI2 (2015 – 2016)

Group Tree species
Growing stock

[mill. m3] [%]

Coniferous

Picea abies 10.3 ±2.5 22.6 ±5.5
Pinus sylvestris 3.1 ±1.5 6.8 ±3.3
Abies alba 0.2 ±0.4 0.5 ±0.9
Larix decidua 0.1 ±0.2 0.1 ±0.5
Other <0.1 <0.1
Total 13.7 ±2.8 30.1 ±6.1

Broadleaved

Fagus sylvatica 4.9 ±1.9 10.8 ±4.1
Alnus glutinosa 4.0 ±1.7 8.7 ±3.7
Carpinus betulus 3.4 ±1.6 7.5 ±3.5
Betula pendula 3.1 ±1.5 6.7 ±3.3
Populus x canadensis 1.9 ±1.2 4.1 ±2.6
Quercus petraea 1.8 ±1.2 4.0 ±2.6
Populus nigra 1.1 ±0.9 2.5 ±2.1
Salix alba 1.1 ±0.9 2.5 ±2.1
Alnus incana 1.0 ±0.9 2.1 ±1.9
Populus tremula 1.0 ±0.9 2.2 ±1.9
Robinia pseudoacacia 1.1 ±0.9 2.4 ±2.0
Acer campestre 1.0 ±0.9 2.3 ±2.0
Quercus cerris 0.8 ±0.8 1.7 ±1.7
Salix caprea 0.9 ±0.8 1.9 ±1.8
Cerasus avium 1.0 ±0.9 2.1 ±1.9
Populus euamericana 0.6 ±0.7 1.3 ±1.5
Tilia cordata 0.6 ±0.7 1.3 ±1.5
Acer pseudoplatanus 0.5 ±0.6 1.1 ±1.4
Pyrus pyraster 0.5 ±0.6 1.2 ±1.4
Fraxinus excelsior 0.4 ±0.5 0.8 ±1.2
Populus alba 0.1 ±0.3 0.3 ±0.7
Quercus robur 0.1 ±0.3 0.3 ±0.7
Padus racemosa 0.2 ±0.4 0.4 ±0.8
Ulmus minor 0.0 ±0.1 0.1 ±0.3
Malus sylvestris 0.3 ±0.5 0.7 ±1.1
Juglans regia 0.1 ±0.3 0.2 ±0.6
Ulmus laevis 0.1 ±0.2 0.1 ±0.4
Acer negundo 0.0 ±0.2 0.1 ±0.4
Prunus domestica 0.1 ±0.3 0.3 ±0.7
Morus alba 0.1 ±0.2 0.1 ±0.5
Acer platanoides <0.1 0.1 ±0.4
Sorbus torminalis <0.1 <0.1
Fraxinus angustifolia <0.1 <0.1
Sorbus aucuparia <0.1 <0.1
Salix fragilis <0.1 <0.1
Tilia platyphyllos <0.1 <0.1
Total 31.8 ±2.8 69.9 ±6.1
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abstract
We examined the effect of weather variables on radial growth of Norway spruce and European beech at the intra- and 
interannual level. We used database of regular growth measurements at 9 forest sites distributed along an altitudinal 
and spatial gradient within the Slovakia and Czech Republic. In the period of 2010 – 2017, we analysed data from 213 
dendrometers with manual reading in monthly or biweekly interval. The mean daily and annual diameter increments 
were analysed in relation to air temperatures and precipitation observed during the respective growing seasons. The 
general intra-annual diameter increment was modelled using a log-normal function. Results of modelling suggest that 
precipitation was a better predicting factor of the increment in spruce, while air temperature enhanced predictions of 
increments in beech. The highest, eight-year-cumulative increment of spruce (31.1 mm) and beech (22.8 mm) was 
found in the mixed mountainous forest at Poľana site, where both species occur in their growth optimum. The inter-
specific comparison of radial growth at this site revealed earlier culmination of increment in spruce compared to beech. 
The growth-limiting weather conditions for spruce occurred especially during the dry season 2015, while in beech sites 
the slight decrease of annual increment was observed in 2016. In the lowest altitudes of studied forest sites (beech 350 
m a.s.l., spruce 440 m a.s.l.) the radial growth was reduced due to high summer temperatures. In the context of further 
predicted increase of air temperatures, these altitudinal limits for tree growth should be considered in the future forest 
management in Central Europe.
Key words: climate; beech; spruce; radial growth; dendrometers; Central Europe

1. introduction
Tree growth is one of the most significant ecological 
indicators of forest vitality and condition that reflect 
the influence of numerous mutually interacting envi-
ronmental factors (Dobbertin et al. 2013). In the face 
of the predicted further increase of temperature, more 
frequent occurrence of heat waves and drought (Allen et 
al. 2015), it is especially important to study the impact of 
these changes on current and future forest production. 
The research focused on drought effects on growth and 
mortality of forest trees as well as on the possibilities of 
their adaptation to future climate has been ongoing for a 
number of years (Leuzinger et al. 2005; Bréda et al. 2006; 
Geßler et al. 2007; Cavin & Jump 2017). Recently, many 
studies have examined various aspects of the climate – 
forest growth interactions (Etzold et al. 2014; Kolář et al. 

*Corresponding author. Zuzana Sitková, e-mail: sitkova@nlcsk.org, phone: +421 45 5314 158

2017; Braun et al. 2017; Rötzer et al. 2017). According to 
the analysis of more than 315,000 radial increment cores 
obtained from 25,000 National Forest Inventory plots, 
climate warming was listed as a predominant driver of 
recent forest growth changes in Western Europe (Charru 
et al. 2017). In terms of used research data sources, we 
can recognise several bases for climate-growth investiga-
tions. Some findings are based on dendrochronological 
analyses determining tree-ring widths (Lebourgeois et 
al. 2005; Büntgen et al. 2007; Cienciala et al. 2016) or 
changes in basal area increment (Charru et al. 2017) in 
relation to environmental indicators. It was proved that 
advanced dendroecological techniques could clarify 
a complex of environmental factors affecting species-
specific growth trends (Bošeľa et al. 2018). Other stud-
ies use databases of long-term periodical records of stem 
diameters or continual measurements of stem circumfer-

Editor: Michal Bošeľa

oriGinal  papEr http://www.nlcsk.sk/fj/

Cent. Eur. For. J. 64 (2018) 223–237 DOI: 10.1515/forj-2017-0044



ence (Dobbertin et al. 2013; Leca et al. 2015; Leštianska 
et al. 2015). Thanks to the increasing use of manual or 
digital dendrometers in forestry research, it is possible 
to obtain a number of records of tree growth dynamics 
at a finer temporal resolution of several minutes, hours 
or days (Herrmann et al. 2016). With these options, new 
methodological questions about the correct analysis and 
interpretation of the sub-annual growth data arise, as it 
is necessary to accurately distinguish the irreversible 
process of the actual wood production from hydrologi-
cal shrinkage and swelling of stems (Merganičová et 
al. 2014). The water-induced processes in tree stems 
were well described e.g. in the study of Deslauriers et al. 
(2007) who pointed out how significant it is to analyse 
tree growth at fine-resolution scales. The proposal of 
McMahon & Parker (2015) how to fit general growth 
models to intra-annual measurements using standard 
optimisation functions made a methodological progress 
in processing seasonal data of radial growth. The authors 
demonstrated an extended approach to estimate the ini-
tial and final diameters in the growing season and pointed 
out at deviations from the fitted function that indicate 
breaks in growth due to weather.

In the forests of Central Europe, European beech 
(Fagus sylvatica L.) and Norway spruce (Picea abies L. 
Karst.) are both economically and ecologically the most 
relevant forest tree species. In Slovakia, European beech 
is the most abundant deciduous species, with the current 
proportion of 33.5% (Green report 2017a). On the con-
trary, the actual percentage of beech in the forests of the 
Czech Republic did not exceed the value of 8.3% (Green 
report 2017b). The current share of Norway spruce in the 
forests of Slovakia (SK) and the Czech Republic (CZ) is 
23.1% and 50.5%, respectively. 

Monitoring of forest health state has a long-term tra-
dition in both countries, and it is still a part of the ICP 
Forests programme that commenced in 1985. Under 
the project titled Further Development and Implementa-
tion of an EU-level Forest Monitoring System (FutMon), 
implemented in Europe in the period 2009 – 2011 and co-
financed by the Life+, harmonisation and improvement 
of existing methods of forest state monitoring continued. 
Systematic continuous measurements of tree growth 
started in 2010 and since then growth survey in both 
countries has been performed according to the method 
described in the FutMon Field Protocol (Growth V2 
270509, 2009). Permanent and continuous monitoring 
of stem diameter at breast height as an easy-to-measure 
variable is well-described in Dobbertin et al. (2013). 

In this study, we assessed the radial increment of 
European beech and Norway spruce on the base of inten-
sive monitoring data at selected SK and CZ forest sites 
within the period 2010 – 2017. The data set offers a pos-
sibility to study recent trends of forest growth as well as 
the response of two most relevant forest tree species to 
contrasting weather and various site conditions across 
the region of Central Europe.

We particularly aimed at (i) quantifying the seasonal 
growth of trees at selected SK and CZ forest sites between 
2010 and 2017, (ii) identifying and evaluating weather 
factors that explain the intra-seasonal and inter-annual 
variability of stem increment at a forest stand level, and 
(iii) analysing the differences in growth responses of 
European beech and Norway spruce to contrasting and 
changing environmental (weather) conditions.

2. Material and methods

2.1. Study area
The study covers 9 forest sites distributed along an alti-
tudinal and spatial gradient within the Czech Republic 
and Slovakia (Fig. 1, Table 1). In this study we used radial 
growth and weather data collected at selected perma-
nent monitoring plots (PMP) in Slovakia and the Czech 
Republic belonging to the Level-II network of the ICP 
Forests programme (www.icp-forests.net) between 2010 
– 2017. The altitudes of the forest sites vary in the range 
from 350 m a.s.l. to 1,010 m a.s.l. Reference mean annual 
air temperature ranges from 8.2 °C at the Medlovice site 
located at the lowest altitude (350 m a.s.l.) to 4.2 °C in the 
highest locality of Železnô (1,010 m a.s.l.) situated in the 
Low Tatra Mts. in Slovakia. Mean annual precipitation 
total of the studied sites varies from 640 to 1,250 mm 
based on the new climatic normal 1981–2010 (Hlásny 
et al. 2017). In the context of the soil environment, vari-
ous sub-types of cambisol occur at all selected forest sites 
except for the locality of Luisino údolí (LU) where Haplic 
podzol occurs (WRB 2006).

All studied forest stands have reached their maturity 
and are currently between 80 and 131 years old (Table 1). 
Forest stands are almost fully stocked with stem density 
expressed in a relative scale of stocking from 0.7 to 1.0. 
Mean heights of studied forests varied between 22.2 – 
40.1 meters and mean diameters at breast height (dbh) 
reach values in the range from 25 cm to 54 cm (Table 1). 
Potential productivity of forest can be assessed using an 
absolute site index that represents mean height of a forest 
stand at an age of 100 years. The site index of studied for-
est stands varies in range from 20 to 38. The parameters 
of forest stand as an age, dbh, height, stocking and site 
index refer to year 2018.

2.2. Weather data measurements 
and processing
At all monitored localities, measurements of raw weather 
data were conducted using automatic weather stations 
manufactured by the Environmental Measuring Sys-
tems (EMS Brno, CZ). Digital meteorological stations 
have been installed in an open area nearby each study 
forest site and measurements have been performed 
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in line with the standardised methodology of the ICP 
Forests programme (Manual for meteorological meas-
urements, Part IX, available at www.icp-forests.net). 
Automatically measured data were stored into the bat-
tery operated datalogger (EdgeBox V8 or MiniCube VC, 
EMS Brno, CZ) of the meteorological station in 10 or 
30-minute intervals. Air temperature was measured at a 
standard 2-metre height using integrated smart sensors 
(EMS33). Precipitation amount was measured in two 
different ways: 1) using an automatic rain-gauge with a 
dual-chambered tipping bucket design (Model MetOne 

table 1. Description of studied forest sites with radial growth measurements of Norway spruce and European beech trees with 
manual band dendrometers. Codes of the forest sites are identical to the numbers displayed in Fig. 1. Stand stocking is expressed in 
a relative scale from 0.0 to 1.0, where 1.0 refers to a fully stocked forest stand. 

Forest site (PMP) 
[Code] Name

Altitude 
[m a.s.l.]

Stand age 
[yrs]

Tree species / Share 
in stand

Soil type 
[WRB 2006] Site index  

Mean diameter / Mean 
height 

[cm] / [m]
Stand stocking Number 

of dendrometers

[1] Želivka – ZE 440 116 Picea abies / 100 Entri-stagnic Cambisol 26 34.7 / 32.0 0.9 16
[2] Všeteč – VS 615 124 Fagus sylvatica / 100 Epidystric cambisol 28  39.1 / 37.6 1.0 14
[3] Luisino údolí – LU 940 105 Picea abies / 100 Haplic podzol 20 36.8 / 22.2 0.9 15
[4] Medlovice – MED 350 118 Fagus sylvatica / 57 Endoeutri-stagnic cambisol 30 38.8 / 30.1 0.9 15
[5] Klepačka – KL 650 93 Picea abies / 96 Stagnic dystric cambisol 38 44.0 / 35.9 0.9 15
[6] Lazy – LZ 875 131 Picea abies / 100 Dystric cambisol 28 40.7 / 28.8 0.8 16
[7] Poľana – PO 850 115 Fagus sylvatica / 70, 

Picea abies / 20 Haplic cambisol eutric 34
38

29.2 / 36.6
53.8 / 40.1 0.7 12

10

[8] Turová – TU 575 80 Fagus sylvatica / 100
Haplic cambisol humic, 
hypereutric, endoskeletic, 
siltic

34 24.9 / 29 0.9 40

[9] Železnô – ZZ 1,010 90 Picea abies / 100 Haplic cambisol humic, 
dystric 30 32.8 / 28 0.8 20

Fig. 1. Spatial distribution of selected 9 permanent monitoring plots (PMP) used in the study that belong to Level II network of 
ICP-Forests programme.
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370, Oregon, USA), a collection area of 320 cm2 and a 
resolution of 0.2 mm per pulse, and 2) with open rainfall 
samplers used for measurements of atmospheric deposi-
tion under the canopy (throughfall) and in an open area 
(bulk). Raw weather data were processed and aggregated 
to represent the periods between two readings of stem 
circumferences. Air temperatures were first processed 
to derive daily averages, minima and maxima, and in the 
next step we calculated average values representing the 
whole months at Czech forest sites and approximately 
two weeks at Slovak monitoring plots.



2.3. Dendrometric measurements and growth 
data processing
Data about stem diameter increment were obtained from 
9 forest sites, while the Norway spruce (Picea abies L. 
Karst.) was the main species at 6 sites, and the European 
beech (Fagus sylvatica L.) dominated in the remaining 
3 forest sites. In the mixed mountainous forest stand at 
permanent monitoring plot Poľana-Hukavský grúň (PO) 
we assessed radial growth data for both major tree spe-
cies, i.e beech as well as spruce (Table 1). The Turová 
(TU) research plot was included in the study only for the 
period 2010 – 2013 since the forest stand was substan-
tially damaged and windthrown by the Žofia windstorm 
in May 2014.

For the analysis of the seasonal tree growth, the data 
from 213 dendrometers with manual reading were used 
(132 dendrometers installed on Norway spruce, and 
81 on European beech trees). The measured trees were 
selected to represent all diameter classes of the given 
stand. Dendrometer increment sensors (model DB20, 
EMS Brno, CZ) consist of two parts – a measuring part 
with a scale and a spring, and a stainless tape that is non-
invasively fixed on a stem at a height of 1.3 m above the 
ground. The values of stem circumferences are read at 
the nonius scale with 0.1 mm resolution. Manual reading 
is performed regularly at the end of a month (CZ sites) 
or approximately biweekly (SK sites) during the whole 
year. Each reading is identified with the tree number 
and exact date & time. In this study we evaluated data 
only for the period of the main growing activity usually 
occurring between April and September during the years 
2010 – 2017.

As manual dendrometers measure stem circumfer-
ences of individual trees, the stem diameter increment at 
a forest stand level was calculated as an average of values of 
all measured trees at a sites (from 10 to 40 individuals, see 
Table 1).  A number of the measured trees vary depending 
on thickness variability of stem diameters, which is indi-
vidual for each studied forest stand. For the analysis, we 
used the increments calculated as the differences between 
the stem circumferences recorded at two consecutive dates 
during the growing season. The identification of the start 
and the end of the actual creation of wood (radial incre-
ment) was performed individually for each site and year, 
as these dates vary between the seasons depending on 
weather, tree species and site altitude. In order to unify the 
date terms between CZ and SK sites and to enable mutual 
comparison between localities we also calculated mean 
daily increments for each individual period during the all 
eight growing seasons.

2.4. Data analysis 
The complex interplay of selected environmental (site & 
weather) factors and their role in the seasonal tree growth 
was analysed by a number of statistical methods using 

Statistica software (Statistica Cz 12, StatSoft, Inc. 1984 
– 2013) and R package cvequality (Version 0.1.3; Marwick 
& Krishnamoorthy 2018). The Tukey HSD post hoc test 
in ANOVA was used to verify the statistical significance 
of differences in mean annual increments between the 
individual sites regardless of tree species. This analysis 
enabled a comparison of the increment values between 
all selected forest sites and finally, contributed to meet the 
goals of study. The mean annual increments at individual 
sites were computed from eight years of measurements 
and four years of measurements for the TU site. To evalu-
ate this locality, we used the Tukey’s HSD test adjusted 
for non-equal samples size. Normality of distribution and 
homogeneity of variance, which are required if ANOVA is 
to be applied, were verified with Shapiro-Wilks and Lev-
ene’s tests, respectively.

A similar analysis was used to test the differences 
in the tree growth between the individual years for the 
studied period. We analysed beech and spruce growing 
responses under the same site conditions and observed 
climatic situations. The PO monitoring plot was the only 
forest site with both tree species. The mean annual values 
of diameter increment measured on 10 trees of spruce 
and 12 trees of beech growing at the site were compared 
between the respective years. In the case of beech, the 
square root transformation of the increment data was 
necessary to remove the heteroscedasticity of variance.

For purposes of intra-annual radial growth analysis, 
we applied a log-normal function that was repeatedly 
applied in several previous studies (e.g. Canham et al. 
2004; Bošela et al. 2013). A lognormal function con-
sidered as flexible and it is supported by both empirical 
evidence and theory (Canham et al. 2004). For modelling 
of the seasonal development of increment we used this 
function in shape of the base [1] and advanced [2] model: 

Where: SIi – seasonal increment; x1 – factor of the day in the 
sequence of the particular year; a, b, c – estimated regression 
coefficients (a – maximum increment to which the model curve 
approximates; b – Julian day when the maximum increment 
occurs; c – band of the function). In case of advanced model [2] 
climate parameters were included into the function exponent as 
an another independent variable x2; d – regression coefficient 
differentiating the course of the seasonal growth dependent on 
climatic condition.

The base and advanced models were parameterized 
for all eight years from altogether 48 monthly incre-
ment values for CZ sites (6 months of growing season 
× 8 years of study) and 96 biweekly values of increment 
for SK sites (12 biweekly records × 8 years). In the base 
model was only a day of the year (DOY) used as an inde-
pendent variable. The base model was utilized to remove 
seasonal trend from mean daily increment data, in aim 

[1]

[2]
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to analyse an influence of climatic variables on residuals 
of radial increment. The advanced model was built up 
from the base model by a stepwise procedure of includ-
ing observed climatic characteristics as independent 
variables. The model generalises the creation of the daily 
mean increment at a particular site over the selected six-
months-long growing season (i.e. April to September) 
and during all eight years. 

For further analysis, we chose the model that 
explained the greatest proportion of variance of incre-
ment creation during the growing season. That model 
was used to describe seasonal dynamics of tree growth 
for both tree species. Besides, the best advanced model 
was compared to the base model to assess the contribu-
tion of the included climatic variables to the explanation 
of increment variance.

Subsequently, for each forest site we calculated the 
residual deviations of the mean daily increments from the 
values predicted by the respective base model. By filtering 
the most significant residuals and their two-step ranking 
by months and years, we obtained information on spe-
cific time events within the examined eight years with the 
most frequent occurrence of significant positive and neg-
ative residuals of increments. Then we interpreted these 
findings in relation to the respective climatic variables of 
the identified periods. To filter significant residuals, we 
applied the rule that all deviations greater than mean ± 
1.28 SD are considered significant. The selected thresh-
old value of z = 1.28 for the one sided bounds within the 
normal distribution of values corresponds to approxi-
mately 10% of the most extreme values of positive and 
negative residuals.

Partial correlations were analysed between residuals 
as well as predicted values and climate variables (precipi-
tation total and average temperature) at all forest sites. 
Based on correlation coefficients related to residuals, the 
influence of climate variables to intra-seasonal radial 
growth was interpreted. Reconnaissance of relation 
between climate variables and predicted values calcu-
lated from base model was utilized to reveal main climate 
drivers of radial increment seasonal trend.

3. results

3.1. Analysis of weather data 
For eight years (2010–2017), tree growth and various 
environmental factors were monitored at 9 forest sites 
across Czecho-Slovakia within the long-term and per-
manent monitoring of forests (Level II, ICP Forests). The 
studied period is interesting for the investigation of forest 
growth as it includes several climatologically contrasting 
years, during which many climatic and meteorological 
extremes were for several times exceeded. 

The assessment of mean air temperatures and pre-
cipitation totals at individual sites during the growing 
seasons of 2010 – 2017 showed that their courses were 
synchronised with the highest temperatures in 2012 and 
2015 and the lowest values in 2010 and 2013 (Fig. 2a). 
Every year, the highest seasonal precipitation totals were 
observed in mountainous research sites (ZZ, LU, KL and 
PO). The lowest precipitation total (on average 363 mm) 
was observed at almost all research localities during the 
growing season of 2015 (Fig. 2b).

From the aspect of between-site comparison (Fig. 3), 
the highest mean air temperatures (15.5 °C) together 
with the lowest precipitation total (358 mm) over the 
whole analysed period (2010 – 2017) were found in the 
MED beech stand situated at an altitude of 350 m a.s.l. 
followed by the ZE spruce forest site at 440 m a.s.l. (15 °C 
and 434 mm). The most significant differences between 
minimum and maximum precipitation totals during the 
growing seasons of examined eight years were recorded 
for LU, ZZ, KL forest sites. Relative average intercep-
tion of spruce forest stands calculated for the growing 
seasons of years 2010 – 2017 varied between 18.3% from 
open field precipitation at ZZ site (Železnô) and 42.2% at 
ZE site (Želivka). The interception of pure beech forest 
stands was more balanced, as their values ranged from 
32.6% at TU forest site to 37.5% at VS site (Všeteč). Mean 
seasonal interception of the mixed beech-spruce-fir for-
est stand at PO locality was 22.8% over the years 2010 
– 2017. Data on interception were not directly included 

Fig. 2. Seasonal mean air temperature AT (a) and precipitation totals P (b) at individual forest sites and in years 2010 – 2017. 
Between-years and between-sites development of basic weather variables is presented.
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in the growth analyzes, but usefully supplement the infor-
mation on how the individual forest stands transformed 
the infiltration of atmospheric precipitation via canopy 
and provide a more detailed picture of the stand structure.

3.2. Analysis of radial growth
Over the whole studied period, the highest mean annual 
increment of spruce (3.9 ± 0.50 mm) as well as of beech 
(2.8 ± 0.59 mm) was found at PO forest site (with 95% 
confidence) (Table 2). At this locality, the total eight-
year-cumulative increment of spruce and beech reached 
the values of 31.1 mm and 22.8 mm, respectively. This 
result corresponds with the highest site quality and pro-
ductivity of the PO stand from all evaluated forest sites 
(Table 1). On the other hand, the lowest mean annual 
increment (1.9 ± 0.38 mm) as well as the lowest eight-
year-cumulative increment (15.3 mm) was observed in 
the artificially planted spruce forest at Klepačka site (KL) 
despite the same site index as in the case of PO (site index 
for spruce equal to 38, Table 1). 

While the lowest inter-annual variability in the annual 
increment was found in the ZZ spruce forest site (coeff. 
var. sx% = 14.2%), the highest between-year fluctua-
tions of mean annual increment values were observed in 
the beech forests at VS (sx% = 40.4%) and MED (sx% = 
31.6%). Generally, the coefficient of variation was higher 
in beech stands than in spruce stands (Table 2), which 
may indicate greater sensitivity of beech to inter-annual 
changes of climate. However, the differences between the 
coefficients of variation from multiple samples (Marwick 
& Krishnamoorthy 2018) of beech and spruce stands 
were not significant (p = 0.05), probably due to a small 
sample size (8 years).

The test of the differences in the mean annual incre-
ments between the forest sites (Fig. 4) showed that the 
spruce increment at PO site was significantly greater 
than the increment of spruce at LZ site. Moreover, mean 
annual increments of spruce at these two sites and LU 
site as well as beech increment at PO were significantly 
different from the values at ZZ, ZE, and KL sites.

table 2. Descriptive statistics of annual diameter increments at studied forest sites during the period 2010 – 2017. Explanation 
of used abbreviations: CI – confidence interval; StdDev – standard deviation, sx% – coefficient of variation.

Annual increment [mm]

Forest site Tree species N Mean CI 
−95% 

CI 
+95% Sum Min Max StdDev sx%

PO spruce 8 3.9 3.4 4.4 31.1 2.9 4.6 0.60 15.5
LU spruce 8 3.2 2.7 3.7 25.6 2.3 3.9 0.60 18.6
LZ spruce 8 3.0 2.6 3.3 23.6 2.3 3.8 0.47 15.9
ZZ spruce 8 2.0 1.8 2.3 16.2 1.4 2.3 0.29 14.2
ZE spruce 8 2.0 1.7 2.3 16.1 1.5 2.6 0.40 20.0
KL spruce 8 1.9 1.5 2.3 15.3 1.3 2.7 0.45 23.6
PO beech 8 2.8 2.3 3.4 22.8 1.8 3.6 0.70 24.6
MED beech 8 2.1 1.5 2.6 16.6 1.5 3.5 0.66 31.6
TU beech 4 2.0 1.2 2.8 7.8 1.3 2.5 0.50 25.6
VS beech 8 1.9 1.3 2.6 15.5 1.1 3.1 0.78 40.4

Fig. 3. Comparison of seasonal precipitation totals and air temperatures between studied forest sites. The mean, minimum and 
maximum values over the analysed period 2010–2017 are displayed. 
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Fig. 4. Between-site comparison of mean annual increments in 2010 – 2017 (ANOVA, Tukey HSD post hoc test).

Fig. 5. Development of annual increments of Norway spruce (a) and European beech (b) during the years 2010 – 2017.

The temporal courses of spruce annual increments 
at most forest sites were similar with the most signifi-
cant decline in 2015 (Fig. 5a). The only forest site with 
a different pattern and a higher annual increment in the 
year 2015 in comparison to the years 2014 and 2016 was 
LZ monitoring plot. The annual increment of beech did 
not show a synchronised inter-annual temporal pattern 
of individual forest sites. The common, although weak 
decline of annual increments was found only in the years 
2016 and 2011 (Fig. 5b).

The analysis of variance and the inter-annual com-
parison of seasonal increments of beech and spruce in 
the mountainous mixed stand at Poľana site revealed 
that the spruce increments in the years 2015 and 2017 
were significantly different from the increments in 2010, 
2012, and 2014 (Fig. 6a). The result corresponds with 
the pattern of precipitation totals in the growing sea-
sons of the given years (Fig. 2b), since in the year 2015 
the lowest precipitation total was recorded at Poľana 
(395 mm), while in the year 2010 the precipitation total 
(807 mm) was the highest from all analysed years. The 

annual increment of beech growing at the same site in 
the year 2013 was significantly different from those in 
the years 2012 and 2014, and the increment in 2014 dif-
fered from 2016, while the increment in 2016 differed 
from the one in 2012 (Fig. 6b). The link between beech 
increments and meteorological characteristics of the 
particular year is not as clear and easily detectable as in 
the case of spruce.

3.3. Modelling of seasonal diameter 
increment 
The general intra-annual radial growth pattern was 
expressed using a log-normal function. Depending on 
the locality, the base model explained from 14% to 58% of 
the variability in mean daily increments of spruce and up 
to 58 – 72% of the variability in beech increments (Table 
3). In general, the proportion of the explained variabil-
ity by base models was higher for beech than for spruce 
sites. For the studied spruce stands, the percentage of 
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the explained variability increased by 4% to 19% when 
precipitation was included in the model. The R square 
of advanced models was higher than of the base models, 
as it fluctuated between 0.28 and 0.71 depending on the 
spruce forest site. On the contrary, air temperature was 
the most significant factor affecting the seasonal incre-
ment dynamics in beech forest stands (an increase by 
2 – 5% in comparison to the base model), except for the 
Všeteč (VS) forest site, where the advanced model with 
precipitation explained seasonal variations of the incre-
ment better than the one with temperature (R2 = 0.63 in 
advanced model). 

The greatest differences in the proportion of the 
explained variability between the base and advanced 
models were found in the case of spruce at Poľana forest 
site, and the least improvement rate of the model was 
observed in the case of beech at the same site. Examples 

Fig. 6. Inter-annual comparison of annual increments of spruce (a) and beech (b) at Poľana (PO) forest site using ANOVA. Dif-
ferences were tested by Tukey’s HSD post-hoc test below significance level p < 0.05.

table 3. Parameters of base and advanced log-normal models of daily mean increments (mm) of beech and spruce. In this func-
tion the parameter a represents the maximum daily increment to which the model curve approximates, the parameter b indicates 
the day of the year (DOY) when the daily increment culminates, and the parameter c indicates the band of the function. The 
parameter d is the regression coefficient that differentiates the course of the seasonal growth dependent on the climate variable 
(Canham et al. 2004).

Norway spruce 
Site/model a b c d R2 DF RMSE
PO/Base 0.0417 165.4 0.2189 0.0110 0.34 94 0.0183
PO/Precip 0.0258 165.8 0.2301 0.53 93 0.0155
LU/Base 0.0472 170.1 0.1553 0.0027 0.58 45 0.0147
LU/Precip 0.0343 169.0 0.1511 0.62 44 0.0139
LZ/Base 0.0370 169.2 0.1892 0.0045 0.52 45 0.0123
LZ/Precip 0.0261 169.5 0.1930 0.59 44 0.0114
KL/Base 0.0270 167.0 0.1699 0.0033 0.45 45 0.0087
KL/Precip 0.0205 167.5 0.1392 0.57 44 0.0078
ZZ/Base 0.0251 169.0 0.1637 0.0082 0.14 94 0.0163
ZZ/Precip 0.0147 166. 2 0.1669 0.28 93 0.0149
ZE/Base 0.0270 155.7 0.1922 0.0088 0.54 45 0.0087
ZE/Precip 0.0126 157.6 0.1907 0.71 44 0.0069

European beech
Site / model a b c d R2 DF RMSE
PO/Base 0.0384 172.0 0.1656 0.0466 0.72 94 0.0083
PO/ATmin 0.0226 169.2 0.1703 0.74 93 0.0081
MED/Base 0.0269 153.8 0.1837 −0.1237 0.64 44 0.0068
MED/ATmin 0.1086 165.8 0.1577 0.69 43 0.0064
TU/Base 0.0258 154.7 0.1879 0.0904 0.64 46 0.0062
TU/ATmin 0.0098 147.7 0.1783 0.69 45 0.0057
VS/Base 0.0227 156.5 0.2058 0.0034 0.58 44 0.0069
VS/ Precip 0.0157 154.1 0.2144 0.63 43 0.0064

of models fitted to daily mean increments of spruce and 
beech at the mentioned locality are demonstrated in Fig. 
7a–d.

The value of the b parameter in the function indicates 
the day of the year (Julian day DOY), when the daily mean 
increment culminated, i.e. when it reached its maximum 
(Table 3). Spruce increment culminated first at the low-
est site Želivka (June 7th) and last at Lazy (June 19th). 
Beech daily mean increment reached its maximum from 
28th May at Turová (TU) to 18th June at Poľana (PO). 
The data from the mixed stand at PO, where both species 
occur at the same site, revealed that in the 8-year-long 
studied period the radial increment of spruce culminated 
three days before beech (June 15th versus June 18th).

The predicted values of spruce and beech increments 
significantly positively (p < 0.05) correlated with air tem-
perature (r = 0.51 – 0.56), with the exception of the low-
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est sites (ZE, TU, VS), where temperature was obviously 
not the significant limiting factor of growth (Table 4). At 
Medlovice site (350 m a.s.l.), air temperature negatively 
correlated with the predicted beech increment, which 
indicates that at elevations, where beech is at its rear edge 
of natural distribution, air temperature increase reduces 
radial increments (Fig. 8). In addition, it is also clear that 
the increment residuals of the base model are positively 
correlated with precipitation totals at all spruce forest 
sites (Table 4). At the beech sites influence of climate vari-
ables is not unilateral, excluding TU site, where signifi-
cant influence of precipitation totals appears (r = 0.29). 

In the further step of the analysis, we identified the 
events with the most significant residuals of daily mean 
increments at all spruce forest stands (Fig. 9). Negative 
percentage presents the frequency of negative residuals 
and positive percentage expresses the frequency of posi-
tive residuals occurred in individual months and years. 
For example, in the year 2012 the highest percentage of  
positive differences of increments from the model was 

Fig. 7. Base (a, b) and advanced (c, d) models for daily mean increments of spruce (a, c) and beech (b, d) for forest site Poľana 
(PO). Advanced models include the best explaining climatic variable for each tree species (c, d). 

table 4. Partial correlation coefficients between predicted respective residual values of daily mean increment and air tempera-
ture (AT) and precipitation (P) in beech and spruce forest stands. Values significant at p = 0.05 are highlighted in italics.

Species Norway spruce  European beech
Forest site ZE KL PO LZ LU ZZ MED TU VS PO 
Altitude [m asl] 440 650 850 875 960 1,010 350 575 615 850
Predict vs. AT [°C] 0.19 0.53* 0.51* 0.51* 0.51* 0.52* −0.72* 0.23 0.25 0.56* 
Predict vs. P [mm] 0.21 0.10 0.23* 0.23 0.05 0.12 0.09 0.42* 0.16 0.21*
Resid vs. AT [°C] −0,23 −0.29 −0.27* −0.06 −0.01 −0.33* 0.05 0.07 −0.04 0.01
Resid vs. P [mm] 0.68* 0.43* 0.59* 0.38* 0.44* 0.53* 0.25 0.29* 0.26 0.08 

Fig. 8. An advanced model of the daily mean increment of 
beech at Medlovice (MED) forest site during the growing sea-
son (DOY) shows the negative correlation of increment with 
minimum air temperature. 
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Fig. 9. Relative frequency of the most significant residuals of daily mean increments at all spruce forest sites used in the study.

identified, which means that in 2012 (especially in May) 
extreme values of daily mean increments were observed 
at most forest sites. On the contrary, the highest number 
of negative residuals were identified in 2013, 2015 and 
2017, mainly in July and May 2017.

To demonstrate the development of residual incre-
ments with regard to the identified significant climatic 
events we selected four spruce stands along an altitudinal 
gradient from 440 m a.s.l. to 1,010 m a.s.l. (Fig. 10a–d). 
The periods with significantly high (green) and low 
(red) residual values in the years 2012, 2013, 2015 and 
2017, in which most residuals occurred, are highlighted. 
Mean monthly air temperatures as well as the mean tem-
perature calculated for the whole 8-year-long analysed 
period (AT avg_10 – 17) are presented. Two significantly 
negative periods with almost zero precipitation totals at 
Poľana site are highlighted with red triangles.

From the climatological point of view, precipitation 
in May 2012 was substantially below-normal, e.g. at the 
Sliač station (313 m a.s.l.) located in the region of the 
Zvolenská valley monthly precipitation total was only 
21% of the long-term 1961 – 1990 normal (Bochníček 
& Ondruška 2012). This information is relevant from the 
point of spruce increments at nearby forest site Poľana, 
where low precipitation total was observed in the sec-
ond half of May, when the increment residuals fluctu-
ated around zero, but the recorded increment was not 
extremely low (Fig. 10c). Slightly lower temperatures in 
that period in comparison to the calculated 8-year mean 
(represented by a grey line parallel to x axis in Fig. 10) 
can be one of the explanations of this inconsistency. As 
precipitation increased in June 2012 (green bars of pre-
cipitation totals), significant increase of increment was 
observed at both forest sites located at higher altitudes 
(Fig. 10c, d). On the contrary, precipitation deficit in 
August and September 2012 resulted in significantly 
low increments at these sites (red bars of precipitation 
totals, or red triangles).

232

Z. Sitková et al. / Cent. Eur. For. J. 64 (2018) 223–237

In July 2013, we found significantly low increments at 
all sites except for Poľana forest site. This is the result of 
below-normal precipitation and higher air temperatures 
observed in this month within the altitudinal transect of 
spruce sites (Fig. 10a–d). At all sites except for the Želivka 
forest site situated at the lowest altitude, increments of 
spruce positively reacted to increased precipitation total 
in September 2013.

A similar growth reaction in the opposite direction 
was observed at a majority of sites in July 2015 and 2017, 
when significantly lower increments and lower precipi-
tation totals were recorded. The only exception was the 
lowest spruce site of Želivka (440 m a.s.l.), where slightly 
above-average temperatures measured in June and July 
most probably reduced growth in spite of sufficient pre-
cipitation totals. This site is characterised by the highest 
absolute temperatures due to its lower altitude, which 
may lead to future reduced growth of spruce at such alti-
tudes even under sufficient precipitation.

In spite of the absence of a visible altitudinal trend 
in the correlation coefficients of residuals vs. precipita-
tion (Table 4), the examination of significant residuals 
of spruce forest sites (Fig. 10a–d) allowed us to identify 
climatic events characteristic for different altitudes. 

Significantly lower increments at lower altitudes 
occurred only in July, when the temperatures reached 
the highest average values due to the natural seasonal 
pattern of temperatures and the precipitation totals were 
lower. Significant reduction of increments in the lowest 
stand was also recorded in July 2013 and 2017 (Fig. 10a), 
when precipitation totals were relatively higher, which 
indicates that high temperatures had a negative impact 
on spruce growth at lower sites. Significantly positive 
residuals in the selected years occurred only when greater 
precipitation totals were recorded at sites located at both 
lower and higher altitudes. 

In the seasons with summer precipitation deficit we 
observed significant increase of increment residuals at 



in 2003, 2006, 2007, 2010, 2014, 2015 and 2017. Based 
on the recent statement on global climate, the years 2015, 
2016 and 2017 were the world´s three warmest years on 
record (WMO 2018). On the base of our meteorologi-
cal measurements at the investigated forest sites we can 
confirm that especially the summers of 2012, 2015 and 
2017 were extraordinary hot, sunny and dry. In contrast, 
despite the above-normal air temperatures, the growing 
seasons of the years 2010, 2014 and 2016 were humid 
with the sufficient supply of rainfall.

During the observed 8-year period, the highest annual 
mean and cumulative increments of both investigated 
species were found at the PO permanent monitoring 
plot (850 m a.s.l.). This typical Carpathian mountain-
ous forest composed of beech, spruce, and fir grows at a 
high-quality site (Table 1). On the other hand, the low-
est mean increment of spruce (a half of the increment at 
PO) was found at the KL forest site with the same site 
index (Table 1). Since the climatic conditions of both sites 
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Fig. 10. Development of residuals of mean daily increment in selected spruce forests at ZE site situated at the lowest altitude (a), 
at KL site (b) and PO site (c) located at medium altitudes, and at ZZ site (d) from the highest altitude, during the periods identi-
fied as extreme growing seasons.
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higher altitudes in September, which was linked with 
the improved precipitation balance of the growing sea-
son. Significantly lower residual values of increments at 
higher altitudes were always coupled with low precipita-
tion totals (Fig. 10c, d), while these were not restricted 
to the months with the highest mean temperatures as it 
was at lower spruce stands.

4. discussion 
From the climatological point of view, the studied 
period 2010 – 2017 provided an exceptionally interest-
ing base for the assessment of growth responses of the 
most relevant forest tree species to contrasting weather 
and various site conditions across the region of Central 
Europe. This is well-supported by the fact that the last 
decade 2008 – 2017 was marked as the warmest period 
in Europe on record ever (WMO 2018). Since the year 
2000, several extreme heat waves have occurred, mainly 



during the growing seasons 2010 – 2017 were compa-
rable (Fig. 2), we suppose that the reason for the lower 
radial growth of the younger spruce stand at KL locality 
could be explained by the higher forest stocking (Table 
1). Almost full stand stocking at this site could lead to 
lower available space for the growth of individual trees 
which tend to invest more into height growth than to the 
radial growth. 

High mean annual increments of spruce were found 
also at other mountainous sites, namely LZ (875 m a.s.l) 
and LU (940 m a.s.l.), which benefited from higher 
summer temperatures and longer growing seasons in 
recent years (Kolářová et al. 2014), but were not stressed 
by drought. This was confirmed by the analysis of the 
drought risk in forest stands in the extreme year 2015, 
when the region of Slavkovský les (LZ site) and Orlické 
hory (LU site) was not affected by moisture deficit 
(Šrámek & Neudertová-Hellebrandová 2016). Accord-
ing to the values of soil water potential (SWP) in the upper 
soil layers measured at LZ forest site, drought started at 
the beginning of August, and reached its maximum on 
14th and 15th August 2015. The reduction of soil water 
was compensated after a short but an intense rainy period 
in the second half of August 2015. Hence, the period of 
soil drought at LZ site was very short in the year 2015 
(Šrámek et al. 2016). In addition, high mean annual 
increment of spruce at LU site, could be stimulated by 
nitrogen deposition, which has been increasing in that 
region since the year 2000 (Vacek et al. 2015). The sen-
sitivity of spruce growth to N–deposition was repeatedly 
proved by many studies also in other regions of Europe 
(Etzold et al. 2014; Cienciala et al. 2016; Braun et al. 
2017). In the study of Kolář et al. (2017) was found that 
the growth–temperature relationships of Norway spruce 
was reduced due to the influence of acid deposition in the 
well-known air-polluted “Black Triangle” area. 

In the case of beech forest sites, the difference between 
their mean annual increments was not significant (Table 
2), although the highest increment of beech was at PO 
site, where beech grows together with other tree species 
(spruce, fir, maple, ash) and where it occurs in its produc-
tion optimum. Mean heights of dominant and co-domi-
nant beech individuals in the PO stand reached values of 
about 38 m and mean diameter was 41 cm (unpublished 
data measured in 2017). Such high growth is in line with 
the findings from Central Europe, where beech exhibited 
accelerated growth dynamics during the last 140 years 
(Pretzsch et al. 2014; Bošeľa et al. 2018).

In general, inter-annual variability of beech incre-
ments was greater than that of spruce increments (Table 
2), although this difference could not be confirmed sta-
tistically due to the short examined period (8 years). The 
finding is opposed to the results presented in the study 
of Bošeľa et al. (2013), who found a contrariwise lower 
variability in beech increments compared to spruce. 

In the context of the inter-annual comparison of the 
study sites, we observed relatively synchronised devel-

opments of spruce annual increments, while no unify-
ing pattern was found for beech localities. The spruce 
increment values copied the particular climatic charac-
teristic of individual years with regard to its demands on 
climate. The lack of precipitation reduced spruce radial 
growth especially in the dry year of 2015. In the “rainfall-
exclusion” study from the southern Germany, diameter 
increment of spruce reached high values in the humid 
year 2014 whereas in 2015 its growth was significantly 
reduced due to heavy drought. This is a typical response 
of isohydric species to water deficit (Rötzer et al. 2017).

Temporal patterns of annual increments in beech for-
est sites could not be easily related to climate conditions 
in (actual) appropriate periods. It is probable that beech 
is more sensitive to climate and reacts to the climate of 
preceding periods with a time lag, which was repeatedly 
justified in dendroclimatological studies (e.g. Dittmar 
et al. 2003; Budeanu et al. 2016). The amount of winter 
precipitation, temperatures in May and water availabil-
ity in summer were identified as major drivers of beech 
radial growth (Lebourgeois et al. 2005). Our analysis of 
data revealed that beech did not reduce its annual incre-
ment in the dry year 2015, but in the subsequent year 
2016, which was from the climatological point of view 
above-average wet in Europe (WMO 2018). A very simi-
lar result was achieved under the experiment presented 
in Rötzer et al. (2017), within which the extremely dry 
conditions in 2015 did not reduce stem growth of beech at 
all. This revealed the species-specific response to limited 
water availability and differences in water management 
between isohydric (spruce) and anisohydric (beech) spe-
cies (Klein 2014). 

The modelling of the seasonal growth revealed that 
the percentage of variance of daily mean increments 
explained by the base model ranged in intervals 14–58% 
and 58–72% for spruce and beech, respectively. Includ-
ing climatic variables in the advanced model showed that 
seasonal precipitation was a significantly better predict-
ing factor of the increment creation in Norway spruce, 
while air temperature enhanced predictions of beech daily 
increments. The results fully correspond with the previous 
research conducted in a young mixed beech and spruce 
stand, where it was proved that including precipitation 
in the advanced model explained 10% of the variability of 
spruce stem growth, while air temperature improved the 
model by 3% from the point of beech diameter increment 
variability (Bošeľa et al. 2013). Lesser improvement rate 
of explained variability by the advanced model in the case 
of beech (by 2 – 5%) is related to the fact that the base 
model for beech already explained a higher proportion 
of variability in radial increments than the model of sea-
sonal dynamics derived for spruce. In contrast, including 
a climatic characteristic in the advanced model for spruce 
increased the explained variability by 4 to 19%.

The analysis of the values of correlation coefficients 
(Table 4) showed that the base model of intra-annual 
increment development coincided with the development 
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At all spruce forest sites, the most significant positive 
residuals from the generalised daily mean increments of 
spruce were found in the year 2012 and in September 
2013 (Fig. 9). Most significant declines of increments 
were recorded in July 2013, 2015 and in May 2017. By 
analysing significant residuals at selected spruce sites 
we identified climatic periods characteristic for different 
altitudes (Fig. 10). Negative impact of high summer tem-
peratures on spruce growth was confirmed for the sites 
located at lower altitudes. Significantly positive residuals 
occurred exclusively in periods with high precipitation 
totals, while significantly lower residual values of spruce 
increments at higher altitudes were always in periods 
with low precipitation totals. An increasing sensitivity 
of Picea abies to precipitation and summer temperatures 
was also identified in the Tatra Mountain region (Bünt-
gen et al. 2007). Recent changes in climate, especially 
the increase in temperature during the last decades, have 
been associated with drought stress in Norway spruce 
stands (Solberg 2004; Čermák et al. 2017). A large-
scale evaluation of climate-growth effects showed that 
the productivity of spruce was more sensitive to climate 
compared to beech (Hlásny et al. 2017). 

5. Conclusions
Knowledge on tree‐growth responses to changing envi-
ronmental conditions may help to detect shifts in forest 
development and may contribute to optimising future 
adaptive forest management. On the base of the regional 
case study in area of the Czech Republic and Slovakia, we 
assessed the effects of weather variables on intra-annual 
and annual diameter increments of the two most relevant 
forest tree species in the region. We conclude that in the 
time interval of weeks to years, data from manual den-
drometers can contribute to understanding the changes 
in intra- and inter-annual radial growth and forest pro-
ductivity. The evaluation of 8-year-long time series from 
regular dendrometric measurements pointed out at the 
different strategy of intra-annual radial growth of beech 
and spruce with regards to their reaction to water supply 
from precipitation and air temperature. Thus, at the stud-
ied measurement level (breast height), the performance 
of diameter growth of beech and spruce and its response 
to climate variables was obviously species-specific. How-
ever, recent findings point to the fact that the analysis of 
radial growth only at breast height may underestimate 
the influence of climatic conditions or/and disturbances 
on tree productivity (Rubio-Cuadrado et al. 2018).

At the lower altitudinal end of beech growth opti-
mum, its annual increment was significantly reduced as 
the temperature increased. Similarly, negative impact 
of high summer air temperatures on spruce growth was 
confirmed at lower sites. Considering the climate sce-
narios that predict further increase of air temperature 
and reduced soil water availability in Europe (Jacob et al. 

of temperatures to a high degree, i.e. the modelled curve 
of the intra-annual increment creation significantly cor-
related with the seasonal temperature development at 
all plots except for ZE and TU. It is obvious that beech 
increment is more sensitive to temperature than spruce, 
which can be directly linked to the known relationship 
between the intra-annual development of temperature, 
beech phenology, and increment creation (Jochner et al. 
2016; Delpierre et al. 2017). 

An interesting finding was obtained from the advanced 
model for the lowest beech stand (MED), which revealed 
that the intra-annual radial beech growth dynamics was 
significantly negatively affected by temperature (R = 
−0.72). The reduction of minimum mean temperatures 
resulted in the increased daily mean increments of beech. 
In the context of recent and projected climate change, it 
points out at the altitudinal limits of beech distribution 
(Czúcz et al. 2011) at low elevations of already 350 m 
a.s.l. This fact should be taken into account in the future 
management of forest ecosystems in Central Europe.

The analysis of the correlation coefficients showed 
that the predicted values are closely related to air tem-
perature, while the residuals are related to precipitation 
(Table 4). Possible interpretation is that air temperature 
is the primary factor determining the dynamics of intra-
annual tree growth, while precipitation significantly 
modified increment values. At three spruce forest sites 
(KL, PO, ZZ), slight negative correlations (correlation 
coefficients varying from −0.21 to −0.28) were found 
between temperature and residual deviations. Negative 
coefficients indicate that higher air temperatures slightly 
reduced daily mean increments of spruce. Such a relation-
ship was not revealed at any of the examined beech sites. 
All sample correlation coefficients for spruce exceeded 
correlation coefficients of beech, which indicates a closer 
link of spruce growth processes with precipitation during 
a year. Significant positive correlation between precipita-
tion and tree-ring growth of spruce was identified also in 
south-eastern Norway (Čermák et al. 2017). 

Modelling of intra-annual growth at study sites 
revealed that spruce increment culminated from June 7th 
(at ZE site situated at 440 m a.s.l.) to June 19th (LZ site at 
875 m a.s.l.) depending not only on the altitude but also 
on other site-specific attributes. Similar timing of cul-
mination of the radial stem growth of spruce (from June 
2nd to June 11th) was observed in the northern part of 
Slovakia (500 m a.s.l.) between 2008 – 2012 (Leštianska 
et al. 2015). Maximum daily increment of beech at our 
plots was recorded from May 28th (TU site) to June 18th 
(PO site). In the mountainous stand at Poľana, where 
both tree species occur at the same site, thanks to which 
we could perform the inter-specific comparison of radial 
growth, we found earlier culmination of increment in 
spruce (June 15th) compared to beech (June 18th). The 
identical result was obtained in the 30-years-old mixed 
beech-spruce forest stand located in the same orographic 
unit Poľana in Slovakia between the years 2009 – 2012 
(Bošeľa et al. 2013). 
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2014; Hlásny et al. 2017), this information can be taken 
as a signal that at lower altitudes beech and spruce pro-
ductivity will be most probably limited by climate. This 
is a message for future forest management that should 
consider not only possible ecological risk but also eco-
nomic efficiency.
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abstract 
Although tree mortality is an essential process in forests, tree death still remains one of the least understood phe-
nomena of forest development and dynamics. Therefore, we focused on annual mortality rates together with annual 
felling rates in the Slovak and Czech forests. We used data from the long-term national monitoring (periods of 1988 
– 2017 in Slovakia and 1992 – 2017 in the Czech Republic). More than 24.6 thousand trees were assessed together 
in both countries. We calculated mortality and felling rates derived from two variables: basal area and number of 
trees. For these purposes, we selected five tree species/genera, specifically: Norway spruce, pines, European beech, 
oaks and common hornbeam. We recorded large inter-annual fluctuations of mortality rates in all tree species/gen-
era. In both countries, spruce and pines had the highest mortality rates, while beech had the lowest mortality rates. 
Confrontation of long-term climatic data (especially annual precipitation totals) with mortality data indicated that 
drought was probably the most relevant factor causing tree death. On the other hand, no significant temporal trend, 
either increasing or decreasing, in tree mortality was found for any tree species/genera. As for all five selected tree 
species/genera together, significantly higher mean annual mortality rate derived from the number of trees was found 
in the Czech Republic (1.09%) than in Slovakia (0.56%). This finding indicates that tree mortality is often caused by 
combined effects of external unfavourable factors and competition pressure in forest stands.
Key words: tree mortality; felling; inter-annual oscillation; drought; climate change; long-term monitoring 
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1. introduction 
Tree development, growth as well as lifespan are deter-
mined by a combination of internal (genetic properties) 
and external factors (e.g. Kozlowski & Pallardy 1997). 
As for internal factors, large differences in lifespan have 
been observed not only among tree species, but also 
within each species (Black et al. 2008). External factors 
are represented by abiotic environmental conditions (cli-
mate and soil properties; Williams et al. 2013), but also 
biotic factors such as tree density and competition (Das 
et al. 2011). Moreover, tree life span can be shortened 
by potential harmful agents acting either mechanically 
(e.g. Konôpka et al. 2016) or biologically (e.g. Adams 
et al. 2017). 

Large-scale mortality (forest decline or forest die-
back) has been recorded across the globe, especially in 
the Northern America and Europe (e.g. Krahl-Urban et 

al. 1988). While in the second half of the last century, a 
substantial part of forest decline was caused by air pol-
lution (Schulze et al. 1989), in the recent two decades, 
most incidents have been reported as consequences of 
climate change. Key factors associated with the latter 
include increasing incidence of droughts (Sánchez et 
al. 2008) and severe wind events (Gardiner et al. 2016).

This type of large-scale tree mortality brings signifi-
cant losses in timber production and affects most forest 
ecosystem functions. Individual tree mortality affecting 
trees scattered across the forest stand usually forms a 
natural part of forest life cycle and is not likely to affect 
overall stand productivity. For instance, high “natural” 
tree mortality is frequent in young dense stands that 
originated from spontaneous natural regeneration. 
Šeben et al. (2017) found annual mortality rates calcu-
lated from the number of trees (i.e. ratios between the 
actually deceased trees and all present trees) in young 
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beech and spruce stands between 10% and 30%, while 
mortality rates expressed from the basal area were below 
10%. Mortality rates of middle-aged and mature forest 
stands are lower than in younger stands, e.g. Little (1995) 
presented 2% annual mortality in natural mature forest 
ecosystems. 

Individual tree mortality has typically a positive 
impact on surrounding trees and thus on a forest ecosys-
tem as a whole. The death of a tree creates space (a proxy 
resource determining availabity of other resources) for 
neighbouring trees, but also directly provides nutrients 
that are released from decomposing biomass (e.g. Shortle 
& Dudzik 2012). However, if tree mortality exceeds a crit-
ical threshold, optimal timber production of a stand may 
be disrupted. Dying and ceased trees can also become a 
host for pests such as bark beetles and fungi, which can 
subsequently attack neighbouring trees (e.g. Vakula et 
al. 2015). 

Even today, there are still many unanswered questions 
concerning interactions between environmental condi-
tions and tree mortality in forest ecosystems and their 
effects on stand productivity. The scheme of the Inter-
national Co-operative Programme on Assessment and 
Monitoring of Air Pollution Effects on Forests (ICP FOR-
EST) operating under the UNECE Convention on Long-
range Transboundary Air Pollution (e.g. Ferretti 1997) 
gathered large data sets about tree mortality over long 
time. The establishment of forest monitoring in Europe 
was driven by significant worsening of forest health in 
the 1980s, mainly due to air pollution. Data gathered 
during this monitoring programme are unique from the 
temporal and spatial point of view because unlike forest 
inventory data and traditional forest growth studies they 
evaluate tree state at a large scale annually (Neumann et 
al. 2017). Slovakia (SK) and the Czech Republic (CZ)
have been members of this international programme 
since its inception. While in the previous works that 
evaluated ICP data much attention was paid to the state 
of foliage (e.g. Badea et al. 2004; Rautio & Ferretti 2015), 
development of mortality and subsequent tree harvesting 
has rarely been studied. The recent study of Neumann 
et al. (2017) analysed mortality rates at European level 
and identified regions with the highest mortality over the 
period 2000–2012. However, they examined mortality 
only from the point of tree number, which may not con-
vey the full implication for forest growth. For example, 
mortality of the same number of big trees reduces stand 
living biomass more than the death of the same number 
of smaller trees. This type of analyses are of interest not 
only for the assessment of the forest health state and 
production, but also for modelling of forest dynamics. 
For example, Stage and Renner (1988) revealed that the 
greatest proportion of the variability in predicted volume 
of temperate forest stands was caused by uncertainty in 
mortality estimates. In addition, some process-based 
models, e.g. Biome-BGC (Thornton 1998), operate at a 
stand level and do not simulate individual trees, hence 

information about the summary stand characteristics are 
more valuable for the model application. 

The main aim of this paper was to estimate annual 
mortality rates and annual felling rates for the main tree 
species/genera over approximately three decades using 
the data obtained within the ICP FOREST in the CZ 
and SK. Based on these data we quantified inter-annual 
fluctuations of both rates and examined the differences 
between the main tree species as well as between the two 
countries. In addition to Neumann et al. (2017), our paper 
quantifies mortality rates derived from basal area, covers 
a longer time period, analyses species-specific mortality 
rates and their temporal development at a national level 
of both investigated countries.

 
2. Material and methods 

2.1. Forest monitoring – general scheme
The primary goal of the ICP Forests Programme was to 
provide a periodical overview of spatial and temporal 
changes of European forests, particularly with regard to 
air pollution. In 1987, an international network of plots 
was established in a 16 × 16 km grid (Fig. 1). During the 
thirty years of monitoring, methodological approaches 
have developed, national methodologies were unified, 
and the surveys were enlarged, which resulted in a 
unique system that informs about the forests in a wider 
environmental context. In 1987 and 1988, a regular 16 
× 16 km square grid consisting of 112 monitoring plots 
was established (Pavlenda et al. 2009; see also Fig. 1) in 
SK. In CZ, a network of plots in 16 × 16 km was estab-
lished in 1987 consisting of 106 plots situated mainly in 
spruce and some in pine stands (Fabiánek et al. 2012). 
Plot establishment followed a methodological concept 
applied in CZ in the 1950s, when the first monitoring 
plots for the assessment of air pollution impact on forest 
stands were established (Fabiánek et al. 2005). In 1991, a 
denser national network of plots in a grid of 8 × 8 km was 
established. In 1998, the national network was optimised 
using both grids with regard to the spatial distribution of 
forest cover, and this design has been maintained until 
now. In total, 306 monitoring plots were chosen from the 
grids 16 × 16 km and 8 × 8 km to ensure representative 
sampling over the whole CZ (Fig. 1).

In both countries, standard indicators of forest state 
have been monitored: tree category, its loss and yellowing 
of foliage, tree felling, occurrence of standing dead trees. 
As we have already indicated above, the methodologies 
of national forest state monitoring have gone through 
the development in both countries. The changes also 
affected the evaluation of mortality and the substitution 
of extracted trees. In the original methodology from 
the end of the 1980s and the beginning of the 1990s, 
not much attention was paid to these trees. In the first 
years of monitoring, dead trees were only registered in 
the database, but were not included in the calculations 
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of final defoliation. As the methodologies developed, a 
new specific tree category for trees with non-evaluated 
defoliation was created.

Currently, the methodology of the ICP Forests 
(UNECE, 2016) divides trees to five main categories: 
living trees, trees felled and extracted, standing living 
trees with non-evaluated crown parameters (i.e. trees 
with broken crowns, if more than 50% of crown is miss-
ing, leaning or hanging trees), dead standing trees (MS), 
and uprooted trees (VV). The category of felled trees was 
divided into dead felled trees (SV) and living felled trees 
(ZV) based on the defoliation percentage of the tree in 
the preceding year. If tree defoliation was below 70%, 
the tree was assigned to ZV category, while a tree with 
defoliation equal to or greater than 70% was classified 
into SV category. If the dead standing tree was felled or 
it fell on the ground, it was reclassified to SV category. 
According to the international methodology, a dead 
standing tree is assigned 100% defoliation and the code 
of mortality cause only during the first evaluation after 
the tree death. Hence, four different categories of dead 
trees were defined in the database: MS – a dead stand-
ing tree, SV – a dead felled tree, ZV – a living felled tree, 
and VV – an uprooted tree.

2.2. Data collection in Slovakia
Permanent monitoring plots (PMP) are of a square shape 
and a size of 50 × 50 m, at which 50 trees were selected 
at a spacing of 7 × 7 m. The plots were placed in a homo-
geneous part of a forest remote from the forest edge at a 
distance of at least one mean height of the main tree spe-
cies. PMPs were not located in juvenile and thicket stages. 
Since the number of assessed trees annually decreases 
due to the impact of felling, wind disturbance, insect 
outbreaks and natural mortality, dead trees should be 

substituted to keep the minimum size of the assessed set. 
New trees are selected from the dominant and co-domi-
nant trees growing within the plot. This methodology is 
applied in the case of mortality of individual trees. How-
ever, sometimes all trees within a plot are extracted or 
killed by disturbance. In this case, the plot should remain 
fixed and not observed until a new stand is established 
and grown. However, this takes several years during 
which the number of plots could be reduced substantially.

In SK, this action was applied in the case of three plots 
of fast-growing tree species (two poplar and one acacia 
plots). In other cases, the plot was shifted to another suit-
able stand in the vicinity (up to 200 m from the original 
plot). Note that the term “suitable” refers to the perspec-
tive of its survival, which should exceed 20 – 30 years, not 
to the tree species composition and age. The substitu-
tion of the trees should be performed annually, but due 
to financial constraints it was not performed on a regular 
basis, which resulted in the reduction of the total number 
of evaluated trees over the examined period.

2.3. Data collection in the Czech Republic
The plots are of a circular shape with a diameter of 18 m. 
The plots were selected to represent age and tree species 
structure of forest stands in CZ. According to the ICP 
manual, the minimum number of evaluated individuals 
is 25 per plot. In our case, if the number of individuals in 
a plot is lower than 100, all trees are assessed. In the case 
of older stands with more than 100 trees at a plot, only a 
half of the individuals is assessed annually. In plots where 
the number of trees falls below 25, additional trees are 
included from the plot vicinity. In juvenile stages, 25 trees 
located in the spiral from the central tree are assessed. If a 
tree dies, it is substituted by another one to ensure a mini-
mum number of assessed individuals. Similarly to SK, 

Fig. 1. Location of permanent monitoring plots in the Czech Republic and Slovakia.
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the substitution was not performed regularly, causing a 
provisional reduction in the number of evaluated trees.

2.4. Data analyses 
Natural tree mortality and felling rates were evaluated 
at a national level for all tree species together (for the 
periods of 1988 – 2017 and 1999 – 2017 in SK and CZ, 
respectively), and for five tree species/genera (common 
beech (Fagus sylvatica), pine sp. (Pinus sp.), oak sp. 
(Quercus sp.), European hornbeam (Carpinus betulus), 
and Norway spruce (Picea abies). We assessed their spe-
cific annual mortality rates in individual years and mean 
annual mortality rates over the studied period (i.e. 1988 – 
2017 in SK and 1992 – 2017 in CZ). Natural mortality in 
a particular year included the trees assigned the category 
of dead standing trees (MS) or dead felled trees (SV) in 
that year. Felling included the trees from the category 
of living felled trees (ZV). The value of natural mortal-
ity was calculated as a ratio of the number of trees that 
died in the year n to the number of living trees in the year 
n–1 in a particular country (SK or CZ). In the case of 
SK, the mortality ratio was also derived from basal area. 
Statistical evaluation of the differences in natural mortal-
ity and felling rates between species and countries was 
performed using ANOVA. Homogeneous groups were 
determined with Fischer LSD test. The calculated tested 
characteristic was compared with the critical values of 
the Student t distribution at a significance level of α = 
0.05, and the comparison of these two values showed if 
the trend was significant. Student t-test was applied to 
determine if the differences in the species-specific mean 
annual natural mortality and mean annual felling rates 
between the countries (SK versus CZ) were significant. 

3. results 
Data originating from the long-term monitoring of for-
est health staus (1988 – 2017 in SK and 1999 – 2017 in 
CZ) show that felling of living trees is the most important 
cause of the reduction of trees. Felling o living trees is 
followed by felling of dead trees, natural mortality result-
ing in standing dead trees, while uprooting was the least 
important cause in both countries (Table 1 and 2). Over 
the whole monitored period, the number of monitored 
trees regardless of tree species was reduced by 36.9% and 
34.4% trees in SK and CZ, respectively. Since the Czech 
data refer to a shorter monitoring period (by 11 years) in 
comparison to SK, annual mean reduction of the number 
of monitored trees was 1.91% per year in CZ, and only 
1.27% in SK. 

The annual mortality rates of all examined tree spe-
cies/genera (trees from the categories of “standing dead 
trees” and “felled dead trees”) varied between the years 
(Fig. 2). In some years, the values were close to 0, while 
in other years they reached several per cents, and the dif-
ferences were observed also between tree species/genera. 
The highest annual mortality rate of 13.6% was found 
for oaks in CZ in 1998. In SK, the highest mortality rate 
derived from basal area was observed for spruce in the 
year 2012 (5.8%), for pines in 2002 (1.3%), beech in 
1999 (only 0.3%), oaks in 1997 (1.2%) and hornbeam 
in 2017 (0.9 %). The highest values of mortality rates 
calculated from the number of trees for all tree species/
genera (except for spruce and oaks) were observed in dif-
ferent years and, in all but one case, they exceeded the 
rates derived from basal area. The highest mortality rate 
based on tree number for spruce (3.5%) was recorded in 
the year 2012, for beech in 1993 (0.8%), and for pines 
(4.6%), oaks (5.1%), and hornbeam (1.2%) in 1997. 
In CZ, the highest values of the annual mortality rates 
were recorded in different years than in SK: in the case 

table 1. Number of dead and felled trees during the monitored period (years 1988 – 2017) in Slovakia.

Tree species/genus
Dead felled Living felled Dead standing Uprooted Monitored 

set of trees*
[pieces] [%] [pieces] [%] [pieces] [%] [pieces] [%] [pieces]

Black locust 19 10.6 110 61.1 13 7.2 5 2.8 180
Common beech 29 1.8 403 25.1 47 2.9 129 8.0 1,607
Pines 35 7.9 95 21.3 32 7.2 4 0.9 445
Birches 0 0 1 12.5 0 0 5 62.5 8
Elms 7 33.3 2 9.5 1 4.8 0 0 21
Cherry trees 0 0 1 25.0 2 50.0 0 0 4
Oaks 47 8.7 81 14.9 42 7.7 5 0.9 543
Hornbeam 16 3.9 80 19.3 27 6.5 9 2.2 415
Silver fir 17 7.5 71 31.3 8 3.5 5 2.2 227
Alders 1 14.3 1 14.3 1 14.3 2 28.6 7
Ashes 12 10.5 15 13.2 16 14.0 2 1.8 114
Maples 15 18.3 6 7.3 11 13.4 2 2.4 82
Limes 1 12.5 1 12.5 1 12.5 0 0 8
Walnut trees 0 0 0 0.0 1 100.0 0 0 1
Aspen 1 10.0 8 80.0 0 0.0 1 10.0 10
European larch 1 1.4 15 21.4 13 18.6 6 8.6 70
Norway spruce 205 12.7 648 40.2 162 10.1 142 8.8 1,610
Poplars 0 0 89 98.9 1 1.1 0 0 90
Willows 1 33.3 2 66.7 0 0 0 0 3
Total 410 5.5 1,631 22.0 378 5.1 317 4.3 5,439+1,960**

* State in 1998.
** 1,960 is the number of trees added in the period 1999–2017.
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table 2. Number of dead and felled trees during the monitored period (years 1999 – 2017) in the Czech Republic.

Tree species/genus Dead felled Living felled Dead standing Uprooted Monitored 
set of trees*

[pieces] [%] [pieces] [%] [pieces] [%] [pieces] [%] [pieces]
Black locust 0 0.0 0 0 0 0 0 0 0
Common beech 25 3.3 63 8.2 26 3.4 4 0.5 767
Pines 319 9.6 694 20.8 257 7.7 23 0.7 3,336
Birches 8 5.2 24 15.6 8 5.2 1 0.6 154
Elms 1 12.5 0 0 1 12.5 0 0 8
Cherry trees 1 14.3 0 0.0 0 0 0 0 7
Oaks 75 7.9 85 9.0 71 7.5 2 0.2 948
Hornbeam 8 3.6 42 18.9 8 3.6 4 1.8 222
Silver fir 2 2.0 7 7.1 4 4.1 0 0 98
Alders 5 3.8 9 6.9 2 1.5 0 0 131
Ashes 20 16.0 24 19.2 5 4.0 0 0 125
Maples 7 4.9 17 11.9 4 2.8 1 0.7 143
Limes 2 1.7 10 8.3 4 3.3 0 0 120
Walnut trees 0 0.0 0 0.0 0 0.0 0 0 0
Aspen 2 13.3 4 26.7 0 0.0 0 0 15
European larch 25 4.3 109 18.7 33 5.7 3 0.5 583
Norway spruce 505 6.8 2,963 39.7 391 5.2 37 0.5 7,468
Poplars 0 0.0 0 0 0 0 0 0 26
Willows 0 0.0 0 0 0 0 0 0 0
Sum 1,005 5.8 4,051 23.5 814 4.7 75 0.4 14,151+3,120**

* State in 1999.
** 3,120 is the number of trees added in the period 1999 – 2017.

Fig. 2. Species-specific annual mortality rates in Slovakia (a, b) and the Czech Republic (c). Mortality rate derived from basal 
area (a) or tree number (b, c).
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Fig. 3. Species-specific annual felling rates in Slovakia (a, b) and the Czech Republic (c). Mortality rate derived from basal area 
(a) or tree number (b, c).

of spruce (8.2%) and pines (4.5%) in 1992, oaks in 1998 
(13.6%), beech in the years 2006 and 2008 (1.2%), and 
hornbeam in 2010 (2.1%). 

Similarly to the annual mortality rates, annual felling 
rates substantially varied between the tree species/genera 
and years (Fig. 3). In SK, the highest value of the annual 
felling rate (9.1%) derived from basal area was found 
for spruce in the year 2017, followed by pines (7.5% in 
2002), beech (5.9% in 2016), hornbeam (4.8% in 2017), 
and oaks (4.4% in 2006). In the case of annual felling 
rates based on the number of trees, the observed species-
specific maxima in SK were as follows: 7.6% for spruce 
in 2017, 6.6% for pines in 2002, 3.7% for beech (2016), 
9.4% for oaks (2006) and 5.8% for hornbeam (2017). 
In CZ, the highest value of the annual felling rate was 
recorded for hornbeam 12.7% (in the year 2007), while 
the maximum for spruce was 7.4% (2006), for pines 3.1% 
(2000 and 2012), for beech 3.0% (2004), and for oaks 
4.0% (2008). 

The highest mean annual mortality rate (over the 
period 1988 – 2017) derived from basal area was found 
for spruce (0.64%), followed by pines (0.32%), oaks 
(0.22%), hornbeam (0.19%), and the lowest value was 
revealed for beech (0.05%; Fig. 4a). Significant differ-
ences were found between the mortality rates of spruce 
and all other tree species, as well as between pines and 
beech. Mean annual felling rates of selected tree species/
genera in Slovakia were slightly higher than their mean 
annual mortality rates (Fig. 4). Similarly to the mortality, 
the highest mean annual felling rate was found for spruce 
(1.88%), followed by beech (1.05%), pines (0.83%), 
hornbeam (0.54%) and oaks (0.35%). Significant differ-
ence in the mean annual felling rate was revealed between 
spruce and all other tree species (Fig. 4b). 

In the case of mean annual mortality rates based 
on the number of trees, spruce rate was the highest in 
SK (0.98%) and the rate of pines was the highest in CZ 
(1.46%; Fig. 5a). The lowest mean annual mortality rates 
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Fig. 4. Species-specific mean (±SE) annual mortality rates (a) and felling rates (b) in Slovakia. Rates calculated from basal area 
for the period between 1988 and 2017. Letters indicate significant differences between tree species/genera (LSD test; α = 0.05).   

Fig. 5. Species-specific mean (±SE) mortality rates (a) and felling rates (b) calculated on the basis of tree number in Slovakia 
(period of 1988 – 2017) and the Czech Republic (1992 – 2017). Different letters indicate significant differences between coun-
tries and tree species/genera (LSD test; α = 0.05).

Fig. 6. Mean annual mortality rates (a) and felling rates (b) of five main tree species in Slovakia (period of 1988 – 2017) and the 
Czech Republic (1992 – 2017).  
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were found for beech in both countries (0.18% in SK and 
0.30% in CZ). Significant differences between the coun-
tries were found between mean annual mortality rates 
of pines and oaks. In both countries, the highest mean 
annual felling rates were found for spruce (1.81% in SK 
and 2.50% in CZ; Fig. 5b). Similarly, the lowest mean 
annual felling rates were recorded for oaks in both coun-
tries (0.56% in SK and 0.31% in CZ). No tree species/
genus manifested significant differences in mean annual 
felling rates between the countries.

Finally, we compared mean annual mortality rates 
and mean annual felling rates calculated for all five tree 
species/genera together between SK and CZ (Fig. 6). 
Lower values of both indicators were found in SK (0.56% 
for mortality and 0.96% for felling) than CZ (1.09% 
for mortality and 1.11% for felling). We revealed signifi-
cant differences in mortality rates between the countries 
(Fig. 6). 

No significant temporal trend in the annual mortality 
rates of selected five tree species/genera could be revealed 
for the analysed monitoring period at α = 0.05 signifi-
cance level, although the calculated t value for spruce 
mortality rate derived from basal area was close to the 
critical value of Student t-distribution (t = 2.050 vs. tcrit 
= 2.052 at α = 0.05). However, this is caused by a single 
high value in the year 2012 due to bark beetle disturbance 
of monitoring plots in the High Tatras. 

4. discussion 
Although tree mortality is an essential process in forest 
ecosystems, tree death still remains one of the least under-
stood phenomena of forest development and dynamics 
(Neumann et al. 2017). A number of published focused 
on short-term “massive” forest decline, usually caused by 
pests or natural disasters (e.g. Raffa et al. 2008; Nikolov 
et al. 2014; Svoboda et al. 2014; Trombík et al. 2016), but 
very few studies have dealt with long term individual or 
small-scale tree mortality occurring in a scattered pat-
tern within a stand (Franklin et al. 1987). Therefore, we 
focused on the evaluation of individual tree mortality in 
Czech and Slovak forests based on the forest health state 
monitoring data. Initially we intended to derive tree mor-
tality rates from two variables: number of trees and basal 
area. The basal area approach is a more comprehensive 
approach to tree mortality calculation than that based on 
the number of trees, because it accounts for the impact 
of tree size (see also Šebeň et al. 2017). Hence, mortality 
of few large trees transfers a higher amount of biomass 
into the dead biomass than death of a larger number of 
smaller trees. Moreover, while mortality of suppressed 
or intermediate trees is frequently related to competition 
stress, this is usually not the primary cause of the death 
of co-dominant and dominant trees. Unfortunately, the 
measurements of the required input variable, i.e. stem 
diameter, were available only from the Slovak plots. 

Therefore, the mortality and felling rates for CZ were 
derived only from the number of trees. Thus, the com-
parison of tree mortality between countries was possible 
only on the base of the number of trees. 

Our results showed large inter-annual fluctuations in 
both mortality and felling rates with no significant trend 
in time. This is in contrast to van Mantgem et al. (2009), 
who revealed an increasing trend in non-catastrophic 
mortality in the western parts of the USA since 1955. 
While felling rates are prevailingly dependent on for-
estry planning and current decision making of foresters, 
mortality rates result from the impact of internal (stand 
properties) and external stress (especially abiotic agents 
and pests) factors. During the last decade, many papers 
(e.g. Sanchéz et al. 2008; Hogg et al. 2008; Neumann et 
al. 2017) referred to drought stress, or eventually to cli-
mate variability as the most frequent reasons of changing 
tree mortality (van Mantgem et al. 2009). 

In SK, growing season precipitation totals lower than 
the long-term average (1901 – 1990) were recorded in 
1991 – 1993, 2000, 2003 (in that year, the lack of precipi-
tation combined with extremely high temperature in sum-
mer occurred almost in the entire Europe), 2009, 2012, 
2013 and 2015 (see a chart by Lapin 2018). On the other 
hand, precipitation totals exceeded the long-term normal 
in 1994 – 1996, 2001 – 2002, 2005, 2010 (the wettest 
year in the observed decades), and 2014 (Lapin 2018). In 
CZ, the situation was similar, since drought occurred in 
2000, 2003 and 2012 (Rožnovský 2014) that were iden-
tified as dry years in SK, while floods were recorded in 
1997, 2002, 2006, 2010, and 2013 (Rožnovský 2014). No 
general pattern was found in the annual mortality rates at 
monitoring plots (Fig. 2a, 2b and 2c) with regard to the 
precipitation totals in the growing season. 

Meteorological records show that July 1997 had 
extremely high precipitation events, which caused floods 
in SK and especially in CZ (Rožnovský 2014). Such unfa-
vourable conditions might have not only increased mor-
tality rates of some forest tree species in SK (Fig. 2), but 
could explain high mortality rates of oaks in CZ in the 
subsequent year (1998, Fig. 2). High mortality rates of 
oaks might also be coupled with gradation of defoliating 
and sucking insects on oak species, which was observed 
in the period 1993 – 1998 (Kunca et al. 2016). 

We found differences in mortality rates derived from 
basal area measurements from those calculated using the 
number of trees (data for the Slovak monitoring plots, Fig. 
2). In most examined years, the mortality rates derived 
from the number of trees exceeded those expressed from 
the basal area. As for SK, the largest differences between 
the mortality rates derived from the two variables (i.e. 
basal area versus number of trees), were for almost all tree 
species/genera recorded in 1997. Higher mortality rate 
derived from the number of trees indicates that mortal-
ity of intermediate and suppressed trees prevailed over 
dominant and co-dominant trees. Similar results were 
presented by Lutz and Halpern (2006), who revealed 

245

J. Pajtík et al. / Cent. Eur. For. J. 64 (2018) 238–248



that mortality resulting from tree suppression domi-
nated and occurred more frequently than mortality due 
to mechanical damage. The opposite relationship was 
revealed for spruce in the year 2012, when the mortality 
rate calculated from the basal area was almost 6%, while 
the mortality rate derived from the number of trees was 
less than 4% (Fig. 2). These values represented extreme 
values in the whole examined period, and were caused 
by bark beetle disturbance in the High Tatras resulting 
in local catastrophic mortality. 

Nevertheless, as can be seen in Fig. 2, in most cases 
annual mortality rates did not exceed 2% that was stated 
by Little (1995) as an annual mortality rate in natural 
mature forest ecosystems. Mortality rates in CZ were fre-
quently higher than in SK, since the applied sampling 
design included stands of all age categories, while in 
SK pre-mature stands were not monitored within this 
scheme. 

Our results for Slovak conditions showed that the 
long-term species-specific averages of annual mortality 
rates did not exceed 1% (spruce 0.6%, pines 0.3%, beech 
0.1%, oaks and 0.2%). These values are slightly lower 
than those derived from the National Forest Inventory 
(NIL) data (spruce 0.7%, pines 0.5%, beech 0.3%, oaks 
0.4%, hornbeam 0.3%; Šebeň 2017) because of different 
stand age class frequencies in the two data sets. While 
the monitoring was performed in the stands aged over 
30 years, the NIL included all age classes, i.e. also initial 
and young growth stages. Young stands, especially over-
dense complexes originating from natural regeneration, 
are typical with very high mortality rates due to competi-
tion for resources, mainly light (Larson et al. 2015; Šebeň 
et al. 2017). 

However, statistical differences between the coun-
tries were found only for pines and oaks (Fig. 5). In both 
countries, the highest mortality rates were recorded in 
spruce and pines, while the lowest was found in beech. 
These inter-specific differences are related both to eco-
logical demands of species (climate and soil conditions) 
and their sensitivity to disturbance. In the temperate con-
tinental zone at lower elevations, spruce is probably one 
of the tree species most threatened by climate change, 
while beech seems to be the most resistant one (Lindner 
2008). Concerning the susceptibility of tree species to a 
variety of pests, spruce and pine are generally prone to 
biotic damage, while beech is infested by pests relatively 
rarely (Stolina et al. 1985; Kunca et al. 2017). 

Our analyses of the felling rates show that the values 
were larger than mortality rates (Fig. 4–6). In our case, 
the felling rate included not only regular thinning but 
also sanitary cuts. In both countries, the highest felling 
rates were recorded for spruce, the values were two to 
three times higher than the rates of other tree species. 
This may indicate higher interest of forest users to harvest 

and utilise spruce wood, as well as its worsened health 
conditions due to its occurrence outside its natural range 
(Hlásny & Sitková 2010). Although the priority of this 
paper was to analyse species or genera-specific mortality 
rates in forest stands, the information about felling rates 
indicates that forest management substantially affects 
stand density in Central European forest ecosystems. 
The values of felling rates expressed from basal area 
and number of trees were in most cases similar (Fig. 3). 
That indicates that unlike mortality, felling affected all 
tree sizes in stands. 

The ratio between the reduction of tree number 
caused by felling (i.e. felling of living trees) and mortal-
ity (i.e. dead felled trees + dead standing trees) was for 
SK equal to 1.47 (1,631 to 1,105 trees from Table 1). In 
CZ, the ratio was 2.14 (4,051 to 1,894 trees from Table 
2). It means that in SK, “intentional” reduction of trees 
exceeded the “non-intentional” natural mortality by 47%, 
while in CZ it was much higher, by 114%. This result indi-
cates that Czech forests are managed more intensively 
than Slovak forests. 

The information about mortality and felling provides 
us not only with a more detailed picture of forest state 
and development, but also with valuable data for model-
ling forest dynamics. Individual tree mortality is one of 
the most difficult to predict since it is affected by a wide 
range of factors and their interactions. The simplest 
approach assumes constant annual mortality rate, e.g. 
Biome-BGC (Thornton 1998) uses 0.5% annual regular 
mortality rate for forests, which was derived from a sin-
gle large-scale field experiment (White et al. 2000). Our 
results confirm that this is a reasonable value applicable 
to many managed forest stands in Central Europe. In 
addition, the derived mortality and felling rates can be 
used as species-specific inputs for modelling at national 
levels. This type of long-term annual records of tree sur-
vival and mortality is valuable, especially if it can be linked 
to inter- and intra-annual climate fluctuations, weather 
extremes (Neumann et al. 2017), site and stand condi-
tions, and biotic disturbances (Das et al. 2016). More 
detailed evaluation of these relationships can improve 
our knowledge and understanding of tree mortality, and 
subsequently enhance the representation of this process 
in forest growth models.
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abstract
Spatial and temporal variation of atmospheric depositions on the permanent monitoring plots of Level II of the ICP 
Forest programme in Czech and Slovak forest areas was described in this paper. The atmospheric bulk deposition 
of sulphur, ammonium and nitrate nitrogen from the years 2000 – 2016 were assessed and compared with the data 
obtained on European plots of this programme. The temporal developments of annual depositions in kg.ha−1.year−1 
were determined by linear regression and displayed through maps. The most significant change during the reporting 
period was in the annual sulphur deposition, which was the statistically significant with rather sharp decrease on 
Slovak plots (P ≤ 0.01, R2 = 0.68) and with milder decrease in the Czech Republic (P ≤ 0.05, R2 = 0.23). There are 
small spatial and temporal differences in the deposition of the annual nitrate nitrogen depositions. The decrease was 
statistically more significant in Slovakia (P ≤ 0.01, R2 = 0.53) than in the Czech Republic (P ≤ 0.05, R2 = 0.30). The 
smallest changes were in annual depositions of ammonium nitrate, although the deposition was statistically signifi-
cant in Slovakia (P ≤ 0.01, R2 = 0.42). In the Czech Republic dropped only slightly over the whole territory (except 
in the Beskydy Mts.) during evaluated period. The temporal variations of polluting components revealed significant 
differences between developments of depositions on the different plots of both republics. The sulphur and nitrogen 
depositions in the Slovak and Czech Republic persistently ranking among the highest in Europe, what is caused by 
local and transboundary anthropogenic emission.
Key words: atmospheric deposition; sulphur; ammonia nitrogen; nitrate nitrogen; monitoring of forests

1. introduction
The atmosphere is a very complex system containing a 
wide range of natural compounds and anthropogenic po- 
llutants that contribute to numerous air quality problems 
affecting the climate, human health and the environment 
(EEA 2012). The deposition of acidifying and eutrophy-
ing substances had been a major cause of disturbance to 
forest ecosystems in the northern hemisphere for several 
decades (de Vries et al. 2014). In the second half of the 
20th century, acidic air pollution was a serious concern 
across most of the Europe (Stern 2005). The acidifica-
tion and eutrophication of ecosystems have mainly been 
observed in the Europe and the North America in the past 
three decades (Pardo et al. 2011), and more recently in 
the Asia (Zhao et al. 2009). The increase in global emis-
sions, mainly sulphur dioxide (SO2) and nitrogen oxides 
(NOx), was unprecedented after World War II due to 
economic expansion. The SO2 and NOx emissions in the 

Editor: Milan Barna

*Corresponding author. Danica Krupová, e-mail: krupova@nlcsk.org

Czech Republic increased sharply between 1950s and 
1980s (Kolář et al. 2015). 

The precipitation is the main factor affecting the 
quality of the environment (Thalman et al. 2002). Their 
composition is a result of many processes and chemical 
reactions associated with natural phenomena and emis-
sion of pollutants (Walna & Kurzyca 2007). If there are 
sufficient amounts of cations in the air, sulphide and 
nitrate anions are neutralized by the formation of salts. 
However, in the case of the excess of anions, the strong 
acids (sulphuric and nitric) are formed. Those acids, as 
precipitation fall down, may cause acidification of ecosys-
tems. The anthropogenic pollution is formed mainly by 
sulphur emissions in the form of sulphur dioxide (SO2) 
and nitrogen in the oxidized form (NOx) and reduced 
form (ammonia – NH3). 

Chemical content of atmospheric deposition has 
severe harmful effects on the environment by storage of 
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acidifying and eutrophying compounds, which generate 
nutrient imbalances and changes in biodiversity (de Vries 
et al. 2014). The acidification of forest soils is caused by 
washing out of salts of strong acids (SO4

2− and NO3
−) and 

basic elements from the soil (Ulrich et al. 1980). Conse-
quently, the release of Al3+ ions from sorption complex 
into the soil solution causes toxic effects on the roots of 
plants and has a negative effect on mycorrhiza. On the 
other hand, the nitrogen is one of the main nutrients in 
the ecosystem. Its increased load causes the increase of 
the tree growth. It is also connected with the disturbance 
of the balance between other nutrients in soil, which have 
impact on consequent increased susceptibility to frost 
damage and biotic pests and also the changes in ground 
biomass composition and thus carbon sequestration 
(Bontemps et al. 2011; de Vries et al. 2014). The biogeo-
chemical cycle of nitrogen has substantially changed due 
to the human activities mainly in recent decades (Elser 
2011) with harmful impacts and negative consequences 
which are anticipated also in the future (Canfield et al. 
2010). 

The objective of this study was to assess nitrogen 
(N–NO3

− and N–NH4
+) and sulphur (S–SO4

2−) in 
atmospheric bulk deposition in Czech and Slovak forest 
areas, to compare results with deposition in Europe and 
to evaluate the temporal variations of these compounds 
on the territory of both republics. The trends for all three 
parameters were tested by linear regression.

2. Material and methods

2.1. Study areas
The study was conducted on 14 Level II plots (Table 1) 
that belong to the forest monitoring network of perma-
nent monitoring plots (PMP) of Level II of the Slovakia 

(SK) and the Czech Republic (CZ). The national forest 
monitoring programmes are the part of the International 
Co-operative Programme on Assessment and Monitor-
ing of Air Pollution effects on Forests (ICP-Forests). The 
plots were located in mature spruce, oak, pine, fir and 
beech stands in numbers reflecting the tree species com-
position of the forest stands in Slovakia and the Czech 
Republic. 

2.2. Data collection and data analyses
Samples were collected and processed according to the 
Manual ICP Forests “Part XIV. Sampling and Analysis of 
Deposition, Manuals on methods and criteria for Harmo-
nised sampling, assessment, monitoring and analysis of 
the effects of air pollution on forests”, issued by the UN/
ECE ICP Forests Programme Co-ordinating Centre in 
Hamburg (Clarke et al. 2010). The data of analyses were 
collected from seven plots in both Slovakia and the Czech 
Republic during the period of 2000 – 2016. Samples were 
taken three times per month (10 days sampling interval) 
in the Czech Republic and in regular two-week intervals 
throughout the year in Slovakia. 

According to the methodology of ICP Forests, the 
deposition samples are collected on Level II plots in the 
open field (bulk deposition) and under forest canopy 
(throughfall). Whereas bulk deposition is a basis for esti-
mates of total atmospheric deposition rates in open fields, 
throughfall deposition differs from bulk deposition due to 
wash off of dry deposition from the forest canopy, “leach-
ing” of the element from the tree crowns, and absorption 
of elements by the foliage, so-called “canopy uptake”. 
Thus, throughfall deposition does not reflect total depo-
sition but reflects the results of total deposition plus net 
canopy exchange (Fischer et al. 2010). Only bulk data has 
been evaluated in this study, because they are not influ-

table 1. Description of permanent monitoring plots of Level II in the Czech Republic and Slovakia.

Code Plot Tree species Age 
[years]

Altitude 
[m a.s.l.] Soil type (FAO) Precipitation 

[mm.year−1]

Mean 
temperature 

[°C]
Site

SK 201 Čifáre Sessile oak 97 225 Haplic Luvisol 612 9.3 Polygonato latifolii Carpinetum

SK 203 Lomnistá dolina Norway spruce, E. beech, 
S. maple 72 1250 Skeletic Umbrisol 1438 2.5 Vaccinio myrtilli Piceetum

SK 204 Poľana E. beech, N. spruce, S. fir, 
E.ash, S. maple 90–120 850 Andic Cambisol 886 5.0 Asperulo odoratae Fagetum

SK 206 Turová European beech, Oak 70 575 Eutric Cambisol 853 5.8 Dentario bulbiferae Fagetum

SK 207 Tatranská Lomnica N. Spruce, E. larch, Scots 
pine, Silver fir, 60–140 1150 Dystric Hyperskeletic 

Leptosol 1207 2.8 Vaccinio myrtilli Piceetum

SK 208 Svetlice E. beech, E. larch, Oak, 
S. Pine 53 570 Haplic Cambisol 994 6.1 Dentario glandulosae Fagetum

SK 209 Grónik Norway spruce 94 875 Albic Podzol 1129 3.5 Avenello Piceetum excelsae
CZ 521 Lazy Norway spruce   120 875 Dystric Cambisol 865 7.0 Luzulo Fagetum montanum

CZ 2061 Benešovice Scots 
Pine 100 530 Haplic Cambisol 690 8.4 Vaccinio vitis-idaee Quercetum

CZ 2103 Všeteč European beech  123 615 Epidystric Cambisol 680 8.3 Deschampsio flexuosae 
Abietinum

CZ 2161 Želivka Norway spruce   115 440 Entri-Stagnic Cambisol 670 9.1 Luzulo Fagetum
CZ 2251 Luisino údolí Norway spruce   104 940 Haplic Podzol 1250 4.9 Calamagrostio  villosae Piceetum

CZ 2361 Buchlovice European beech  117 350 Endoeutric Stagnic 
Cambisol 550 9.0 Carici-Pilosae  Fagetum

CZ 2401 Klepačka Norway spruce   94 650 Stagnic Dystric 
Cambisol 1300 4.5 Luzulo Fagetum
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enced by the exchange processes within the tree canopies. 
Samples of precipitation water were taken from the sam-
plers located on the open sites next to monitoring plots. 
The average sample of each sampling has been formed by 
proportional mixing of samples from 3 samplers on each 
plot. Monthly volume-weighted samples were pooled 3 
sampling periods in the Czech Republic and respectively 
2 sampling periods in Slovakia.

The chemical analyses were carried out in forestry 
laboratories. Namely, Central chemical laboratory of 
National Forest Centre Zvolen (SK) and Analytical lab-
oratory of Forestry and Game Management Research 
Institute Prague (CZ). All analyses were conducted 
according to appropriate methods ISO, ČSN and STN 
for water quality obligatory used in programme ICP 
Forests. In separate samples after filtration through 
0.45 µm membrane filters, the concentrations of sul-
phur and nitrate anions were determined by the method 
of ion chromatography with suppression (STN EN ISO 
10304-2, ČSN EN ISO 10304-1). The content of N–NH4

+ 
was determined by indophenol method in water (STN 
ISO 7150-1, ČSN ISO 7160-2). The concentrations 
(in mg.l−1) were determined on the calibrated instru-
ments, N–NH4

+ on PHARO Spectrometer 300, respec-
tively Skalar Spectrometer. DIONEX IC CS–1000 was 
used for determination of N–NO3

− and S–SO4
2−. 

This data based on total rainfall in the measurement 
interval on the observed area were converted into the 
deposition values in kg.ha−1 for one month according to 
the following equation: 

Dx = (Cx. M) /100 
where: Dx – monthly deposition of ion in kg.ha−1, Cx – concen-
tration of the element in mg.l−1, M – rainfall in mm.

The sum of monthly depositions (Dx) gives the 
deposition for corresponding year (yearly deposition) 
in kg.ha−1.year−1 

The map outputs were modelled in ArcGis© by com-
bination of two raster layers, regression of deposition to 
altitude and deviation from this value. DEM (digital 
elevation model) for the Czech and Slovak Repub-
lic was provided and processed by © GISAT (2007). 

Deviations were interpolated by using IDW technique 
(inverse distance weighted technique). After an overlay 
of these raster datasets, the resulting layer was cropped 
using a forest mask obtained from CORINE Land Cover 
(CLC2012) inventory.

Generally, the data obtained from the European ter-
ritory within the ICP Forests programme, have been 
evaluated continuously in Technical Reports (TR) of ICP 
Forests. The spatial variations of depositions in TR have 
been determined as the arithmetic mean of the relevant 
period. Data in this work were compared with mean of 
bulk deposition from 219 European monitoring plots 
in period 2002 – 2004 (Lorenz et al. 2007). The values 
4.5 kg.ha−1.year−1 for N–NO3

−, 5.1 kg.ha−1.year−1 for
N–NH4

+ and 5.7 kg.ha−1.year−1 for S–SO4
2− depositions 

had been used for the evaluation of spatial variation of 
bulk depositions in Europe in TR (2007–2013) as well 
as for evaluation of Czech and Slovak data (2000–2016).

3. results 

3.1. Annual depositions of sulphur 
and nitrogen 
Atmospheric depositions, which are collected in open 
area, mostly reflect the properties of the atmosphere, 
including secondary dust. The statistical values of the 
annual bulk depositions of nitrogen and sulphur on PMPs 
of Level II are in Table 2 and 3. 

Annual depositions of N–NO3
− exceeded the refe-

rence value of 4.5 kg.ha−1.year−1 in 18% of data meas-
ured in Slovakia, respectively in 35% data measured in 
the Czech Republic in the period of years 2000–2016. 
High values had been repeatedly occurring on two 
plots Lazy and Luisino údolí (CZ), where the value 
4.5 kg.ha−1.year−1 had been continuously exceeded (over 
70% of all data). On the other hand, this value was not 
reached during this study never once on PMPs Čifáre, 
Poľana (SK), Všeteč, Buchlovice and Benešovice (CZ). 
The highest annual depositions were found on the PMP 
Grónik 8.3 kg.ha−1.year−1 (SK) in 2006 and on the PMP 
Luisino údolí 9.3 kg.ha−1.year−1 (CZ) in 2005.

table 2. Statistical values of annual deposition of N–NO3
− and N–NH4

+ on PMPs of Level II on the territory of the Slovak and the 
Czech Republic in the period 2000 – 2016.

Plots N–NO3 [kg.ha−1.year−1] N–NH4 [kg.ha−1.year−1] Period 
[years]mean min max mean min max

Čifáre 2.7 2.1 4.1 6.6 3.4 14.6 17
Lomnistá 4.3 3.0 7.7 5.8 3.2 13.2 17
Poľana 3.1 2.0 3.9 4.7 2.8 8.4 17
Turová 3.3 1.8 4.7 6.1 2.9 10.7 17
Tatranská Lomnica 3.4 2.0 5.7 5.3 2.6 9.0 11
Svetlice 4.2 2.7 6.3 7.2 4.0 15.4 17
Grónik 4.5 2.4 8.4 6.3 3.6 10.1 13
Lazy 5.1 3.7 7.2 9.6 5.4 14.8 17
Benešovice 3.2 2.1 4.5 3.9 3.1 5.6 12
Všeteč 2.9 1.6 3.9 4.1 1.9 6.6 17
Želivka 4.5 2.6 7.3 5.3 0.8 8.0 17
Luisino údolí 5.8 4.2 9.3 8.5 5.9 12.8 13
Buchlovice 3.2 1.6 5.3 4.7 2.5 7.8 17
Klepačka 4.7 7.0 5.3 8.2 12
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The average depositions of N–NH4
+ on the most 

plots were nearly 1.5 times higher than N–NO3
− deposi-

tions. Despite of this fact, there are three plots which had 
similar load of both forms of nitrogen Želivka, Benešov, 
Klepačka (CZ). Value 5.1 kg.ha−1.year−1 was exceeded
in 57% of all data from SK, respectively in 53% of data 
from CZ. PMP Lazy and Luisino údolí had all data higher 
than this reference value. 

The highest depositions of N–NH4
+ was 5.4 kg.ha−1.

year−1 on PMP Svetlice (SK) in 2000 and 14.8 kg.ha−1.
year−1 on PMP Lazy (CZ) in 2014. 

table 3. Statistical values of annual depositions of S–SO4 
2− on 

PMPs of Level II in the Slovak and the Czech Republic in the 
period 2000 – 2016.

Plots S–SO4 
2− [kg.ha−1.year−1] Period 

[years]mean min max
Čifáre 4.9 3.0 9.1 17
Lomnistá 7.8 4.1 14.1 17
Poľana 5.8 4.0 10.6 17
Turová 6.3 3.9 13.8 17
Tatranská Lomnica 7.3 4.7 13.9 11
Svetlice 7.6 5.0 14.3 17
Grónik 7.9 5.2 12.9 13
Lazy 5.2 2.8 7.5 17
Benešovice 3.7 1.8 5.3 12
Všeteč 3.7 2.4 5.3 17
Želivka 4.6 2.2 7.8 17
Luisino údolí 6.8 4.1 15.7 13
Buchlovice 4.9 2.8 7.8 17
Klepačka 6.7 4.7 10.2 12

57% of measured data (SK), respectively 27% (CZ) of 
annual S–SO4

2− depositions were higher than the value 
5.7 kg.ha−1.year−1. Till 2010, S–SO4

2− depositions were 
higher in nearly 90 % of all data on PMPs Lomnistá, 
Grónik, Svetlice, Tatranská Lomnica in SK. The highest 
depositions of S–SO4

2− were found on the PMP Luisino 
údolí (CZ) in 2005 (15.7 kg S.ha–1.year−1) and on the PMP 
Svetlice (SK) in 2002 (14.3 kg S.ha−1.year−1).

3.2. The development of annual deposition 
of sulphur and nitrogen
The results of linear regression are described in Table 4.

table 4. The results of linear regression of two forms of nitro-
gen and S–SO4 

2− deposition in the Czech and the Slovak Re-
public on PMPs of II. Level in the period 2000 – 2016.
Elements Country b0 R2 P–Value n

N–NO3
− CZ −0.065 0.30 0.019 109

SK −0.077 0.53 0.000 105

N–NH4
+ CZ −0.035 0.124 0.133 109

SK −0.215 0.415 0.005 105

S–SO4
2− CZ −0.103 0.231 0.045 109

SK −0.365 0.681 0.000 105
Note: Statistically significant results are highlighted in bold (P ≤ 0.05) and colour highlighted 
(P ≤ 0.01).

The results of linear regression (Table 4) show higher 
significance of the temporal trends in sulphur and nitro-
gen deposition in bulk deposition of Slovakia. 

Fig. 1. Trends of annual deposition of (N–NO3
− and N–NH4

+) 
nitrogen and sulphur in the period 2000 – 2016 evaluated by 
linear regression.

All parameters (N–NO3
−, N–NH4

+, S–SO4
2−) show 

statistically significant decrease (P ≤ 0.01) in SK. Milder 
decrease of N–NO3

− and S–SO4
2− annual depositions was 

determined in the Czech Republic, but was statistically 
significant (P ≤ 0.05). Annual deposition of N–NH4

+ in 
the Czech Republic were dropped only slightly without 
statistically significant. The most considerable decrease 
was observed in development of annual S–SO4

2− deposi-
tion in the SK (bo = −0.365, R2 = 0.684, P ≤ 0.01). 

It is clear from the maps created by the model that 
the most significant change during the reporting period 
was in the annual S–SO4

2− deposition. The decrease is 
more pronounced in Slovakia, resp. in the Carpathians. 
The relatively unfavourable situation is in the northern 
Bohemia (in Silesia) and in the majority of Slovakia (with 
the exception of southwestern SK). There are no signifi-
cant spatial and temporal differences in the deposition 
of N–NO3

−. However, a pronounced decrease is also 
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Fig. 2. Mean annual sulphate sulphur (S–SO4
2−) bulk deposition in years 2000 – 2005, 2006 – 2010 and 2011 – 2015. 
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Fig. 3. Mean annual nitrate nitrogen (N–NO3
−) bulk deposition in years 2000 – 2005, 2006 – 2010 and 2011 – 2015.
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Fig. 4. Mean annual ammonium nitrogen (N–NH4
+) bulk deposition in years 2000 – 2005, 2006 – 2010 and 2011 – 2015.

 



in Slovakia. N–NH4
+ deposition in the Czech Republic 

dropped only slightly over the whole territory (except in 
the Beskydy Mts.), while in the whole Slovak territory 
the decrease was more significant, but again with a slight 
increase in the last evaluated period.

4. discussion

4.1. Changes in emissions
The majority of European countries have reduced their 
emissions mainly thanks to the Convention on Long-
Range Transboundary Air Pollution (CLRTAP) and the 
following protocols. Relatively significant decrease of 
NOx emissions was recorded during 2000 – 2015 in the 
CZ from 291 305 to 164 406 t.year−1 (CHMU 2015) and 
also in SK from 63 000 to 26 000 t.year−1 during 2000–
2017 (SHMU 2017). In the CZ; 33% of NOx emissions 
were formed due to public electricity and heat production, 
20% due to road transport, and 19% due to agriculture, 
forestry, fishing, off-road vehicles and other machinery 
(Dědina, 2013). Regarding the road transport the highest 
NOx emission are observed along the highways, major 
roads, and in the big cities.

On the other hand the decreasing trend in NH3 emi-
ssions (from 84 937 to 69 716 t.year−1) was much milder 
in CZ in this period (CHMU 2015). In SK, emissions of 
NH3 declined from 8 500 to 4 000 t.year−1 between 2000 
– 2017, mainly as the results of the reduction of the agri-
culture (SHMU 2017). The decrease of NH3 emissions 
was recorded from livestock and poultry farming. Ho- 
wever, the increase in NH3 emissions was noticed from 
inorganic N-fertilizers. The increase in NH3 emissions 
might be influenced also by the increase of the number of 
cars equipped with catalytic converters, and the introdu 
ction of denitrification technologies at stationary sources 
(Dědina 2013). 

The greater decrease of NOx emissions compared to 
NH3 emissions is due to much better legislation concern-
ing NOx. Indeed, to reduce the emissions from industry 
and road transport seems to be easier than reduction of 
emissions from the agriculture (EC, 2013). Walaszek 
et al. (2013) pointed out, that the changes in emissions 
reduced nitrogen (NHx) are smaller and further reduc-
tions will be difficult to implement. Because the main 
source of this matter is the agriculture (both animal 
husbandry and crop cultivation), therefore abatements 
of those would carry significant economic costs. 

The most outstanding decrease in SOx emissions was 
recorded in the SK (from 110 038 to 24 749 t.year−1) dur-
ing the years 2000 – 2016 (SHMU 2017). The decline was 
found also in the CZ (from 215 000 to 125 000 t.year−1) 
between 2007 – 2015 (CHMU 2015).

Lorenz et al. (2008) pointed that nitrogen emissions 
as well as the deposition of nitrogen compounds have 
decreased relatively little compared to sulphur since the 
1990s.

Emissions of SO2 and NOx have dropped significantly 
due to technological development in industry and reduc-
ing fuels from coal (Lawrence et al. 2007). The decline of 
SOx emissions was reached by modernization of indus-
trial enterprises mainly by reducing sulphur content in 
fuels for power stations and their reconstruction with 
filters depicting sulphur (Thöni et al. 2008).

 
4.2. The development of deposition
In the past the changes of evaluated matter were higher. 
During the years 1980 – 2009 total S–SO4

2− depositions 
dropped by 45% and N–NO3

− deposition was reduced 
22%.on European PMP. On the contrary, depositions of 
N–NH4

+ showed only 4% decrease (Vestreng et al. 2007). 
This fact was depicted also in the significant decrease 
of sulphur on the most plots of ICP Forests, but only a 
certain decrease in nitrogen (N) deposition was noticed 
(EEA 2015). 

In the years 2000 – 2010 total N deposition decreased 
by only 2% per year at ICP Forests European Level II plots, 
(Waldner et al. 2014), but critical load exceedances are 
still significant at the many sites in Europe (EEA 2015). 

Hůnová et al. (2014) also described the milder 
decrease in the long term N emissions over the Czech 
forests as much as no trends in N deposition. The evalu-
ation of data from all European ICP Forests plots Level 
II confirmed no significant changes in the development 
of N–NO3

− deposition. The effect of the increasing traf-
fic and also long-range transfer may cause permanently 
high deposition of this parameter (Lorenz et al. 2009). 

Data averaging from 2005 – 2007 show bulk N–NO3
− 

deposition in amount over 4.5 kg.ha−1. year−1 on 22.6% 
of the studied plots. Data from the CZ and the SK of this 
period confirmed higher value on the 50% of plots. The 
highest depositions occurred on the plots in Central 
Europe, in the south of France, north of Italy, and Spain 
(Fischer et al. 2010). 

The bulk N–NH4
+ deposition in Europe are compara-

ble with the data in our study. The deposition higher than 
value 5.1 kg.ha−1.year−1 was determined in the Europe 
on the 46.5% of plots and on 50% of plots in CZ and SK. 
Higher deposition occurred on the plots in the Central 
Europe and also in the south of the France, north of the 
Italy, and the Belgium. The highest N–NH4

+ deposition in 
Europe in the period 2005 – 2007 was 35.7 kg.ha−1.year−1 
(Fischer et al. 2010). Significantly decreasing trends have 
been observed on smaller number of European plots, 
especially for nitrogen compounds. Actually, there were 
plots with significant increasing trends, especially in the 
period 2006–2011. However, the monitoring results 
reflect probably mostly regional patterns and trends, 
and regional industrial air pollution (Michel et al. 2014). 

The values of bulk S–SO4
2− deposition in the Europe, 

which were calculated as the arithmetic mean of this dep-
osition from the years 2005 – 2007, were higher than 
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5.7 kg.ha−1.year−1 on nearly one third (33.7%) of the 
European plots, but up to on 50% of SK and CZ plots. 
Generally most plots with high sulphur deposition were 
located in the central Europe (Poland, Germany, CZ, 
SK, Slovenia and Romania). The highest deposition of 
S–SO4

2− in Europe was 32.4 kg.ha−1.year−1 (Fischer et 
al. 2010). 

High values of annual sulphur deposition were 
repeatedly measured on SK plots with higher altitudes. 
The deposition of 54.37 kg.ha−1.year−1 was measured in 
2001 on the Predná Poľana (Blihárová & Škvarenina 
2002). During the period of 2000 – 2002 Sitková (2006) 
identified high annual bulk deposition of S–SO4

2− on the 
areas of TANAP within an altitude of 1 038 to 1 365 m 
(from 31.5 to 61.4 kg.ha−1.year−1).

The lowest depositions for all evaluated pollutant 
are mainly located in the Nordic countries and in the 
Alps. The lowest S–SO4

2− depositions ranges from 1 to
3.3 kg.ha−1.year−1; the lowest N–NO3

− depositions from 
0.4 to 1.8 kg.ha−1.year−1; and the lowest N–NH4

+ deposi-
tions from 0.3 to 1.6 kg.ha−1.year−1 (Fischer et al. 2010). 

On the plots of this study, similarly to the other Euro-
pean plots, was identified markedly different develop-
ment of evaluated depositions. This could be attributed 
mainly to influence of local and transboundary anthro-
pogenic emissions. 

Reducing of sulphur depositions has the beneficial 
effect on the growth of European silver fir (Elling et al. 
2009; Bošeľa et al. 2014; Büntgen et al. 2014) as well 
as Norway spruce (Kroupová 2002; Kolář et al. 2015).

5. Conclusion
Though the major threat for forest ecosystems in Europe 
is considered climate change, forests in the Slovak and 
Czech Republic are constantly threatened by a consider-
able environmental impact from industry, agriculture, 
transport and transboundary emissions of nitrogen, 
sulphur and other specific pollutants. So in spite of 
regulations, the depositions of nitrogen and sulphur 
are still relatively high. Alarmingly, these depositions 
in the Slovak and Czech Republic belong persistently 
among the highest in Europe. The statistically significant 
decrease (P ≤ 0.01) of both forms of nitrogen and sul-
phur deposition was determined in this study on Slovak 
plots. The decrease of N–NO3

− and S–SO4
2− depositions 

in the Czech Republic was less statistically outstanding 
(P ≤ 0.05) and the changes of N–NH4 depositions was 
not statistically significant. The development of annual 
depositions of all evaluated parameters has variations on 
individual plots. At any rate the most significant decrease 
was found in sulphur deposition on the majority of evalu-
ated plots, which reflects significant sulphur reduction 
of the industrial emissions. The annual depositions are 
closely connected with the amount of emissions in both 

republics. However, in the future we can expect the slight 
increase in NH3 emissions connected with increasing 
the number of bred animals, and of the number of cars 
equipped with catalytic converters. On the contrary fur-
ther decrease in NOx emission is expected due to further 
tightening in emission limits in future, and the moderni-
zation of cars. 

Qualitative and quantitative assessments of the 
atmospheric deposition are essential for understanding 
regional variations and demonstrating the effectiveness 
of policies to reduce emissions. Deposition monitoring 
can help clarify trends in atmospheric deposition through 
the years in order to assess whether emission patterns 
have an effect on deposition. As such, deposition moni-
toring is an important input to the creation and imple-
mentation of clean air policies at the European level. 
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abstract
Aim of this paper is to present the remote sensing-based systems of forest health assessment in the Czech Republic 
and Slovakia, and to analyse both their strengths and weaknesses. Nationwide assessment of forest health in the 
Czech Republic is based on the interpretation of Sentinel–2 satellite data using novel approaches for cloud-free image 
synthesis based on all available satellite observations. A predictive statistical model to yield time series of leaf area 
index (LAI) from satellite observations is developed above extensive in-situ data, including LAI and forest defolia-
tion assessment. Forest health is evaluated for each pixel from yearly changes of forest LAI, while the country-wise 
assessment of the health status is performed at the cadastral level. Methodology developed for Slovakia is based on 
a two-phase regression sampling. The first phase of the procedure provides an initial fast estimate of forest damage 
using only satellite observations (visible and infrared channels from Landsat or Sentinel–2 systems). The second 
phase refines the result of the first phase using data from a ground damage assessment (site-level defoliation from 
ICP Forests database). Resulting forest health assessment over the whole forest area is presented in 10 defoliation 
classes. The Czech Republic shows 1.6% of heavily damaged forests, 12.5% of damaged forests, 79.2% of forests 
with stable conditions, 6.3% of regenerated forests and 0.4% of strongly regenerated forests. In Slovakia, the total 
share of damaged stands (i. e. with defoliation higher than 40%) increased from 6 – 8% in 2003 – 2011 to 13 – 15% 
in 2012 – 2017. Both methodologies conduct nationwide assessment of forest health status in a fast and automatized 
way with high accuracy and minimal costs. The weaknesses are, for example, a high computational demands for 
production cloud free mosaics, inability to identify initial phases of forest health decline, exclusion of stands older 
than 80 years (in the Czech Republic) and inability to differentiate between harvested and severely damaged stands 
(in Slovakia). Finally, the paper outlines future development of both methodologies. 
Key words: forest health status; defoliation; satellite scenes; Landsat; Sentinel–2

1. introduction

Monitoring of forest health status has gained increas-
ing importance, especially in recent years when influ-
ence of climatic and other stressors adversely affected 
forest conditions in many regions (Lindner 2014; Millar 
& Stephenson 2015; Hlásny et al. 2012). While terres-
trial evaluation of forest health is time consuming and is 
usually conducted on monitoring plots, remote sensing 
(particularly satellite based) allows for cost- and time-
efficient, continuous evaluation of forest conditions over 
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large areas (Franklin et al. 2002; Frolking et al. 2009).
Optical remote sensing of forests is based on the spectral 
response of vegetation. Vegetation spectral character-
istics result from interaction of solar radiation with cell 
structure, chlorophyll and other pigments. The amount 
of pigments relates to damage level and with increasing 
damage level the amount of chlorophyll decreases (Szek-
ielda 1988). Extensive damage causes deterioration of 
chloroplasts, recognised as yellowing of leaves and nee-
dles, while maximal reflectance is shifted from green to 
red spectral band. This principle led to development of 
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several so called vegetation indices used in forest distur-
bance monitoring, e.g. Red-Green Index (RGI, Wulder 
et al. 2008). Rather than calculation of single vegetation 
indices (band ratios) and their classifications, current 
trend in this field lies in applications of time series and 
identification of trajectories or functions in datasets. A 
comprehensive utilisation of eight recently used forest 
change detection algorithms was published by Healey 
et al. (2018).

Landsat satellite scenes are used in forestry for dec-
ades (e.g. Goldberg et al. 1985; Coleman et al. 1990), 
however, their usage increased greatly after deploy-
ment of free data policy in 2008 (Wulder et al. 2012). 
This policy and long-term mission since 1972 enabled 
cheap development of long time-series of satellite prod-
ucts, suitable also for change detection based on trend 
evaluation (Kennedy et al. 2010; Meigs et al. 2011; Zhu 
et al. 2012; Banskota et al. 2014). The same data policy 
was adopted by ESA for Sentinel data within Copernicus 
programme. Sentinel optical and radar data acquired by 
satellites operating in tandem, and with even higher spa-
tial resolution, represent unique data source suitable for 
forest change detection. 

All Landsat satellites scan systematically the Earth’s 
surface roughly once every 16 days in a spatial resolution 
of 30 – 60 m per pixel in several spectral channels in visi-
ble, near infrared and medium infrared wavelengths (Roy 
et al. 2014). Thanks to the relatively wide swath (185 km), 
the data are suitable for large-scale systematic mapping 
of the entire continents. The availability of multispectral 
“Landsat based” satellite sensors have recently signifi-
cantly expanded with the launch of the satellite system 
of the European Space Agency (ESA) called Sentinel–2 
(Drusch et al. 2012). It shares similar features as Landsat 
(10 and 20 m pixel spatial resolution), but its distinctive 
advantage is the remarkable revisit time of 5 days and 
the presence of several bands in the red-edge area for the 
retrieval of vegetation quantitative parameters associated 
with leaf pigments and biomass. Besides Landsat and 
Sentinel–2 satellites, there are numerous commercial 
satellites to capture very high spatial resolution data, or 
scientific satellites to monitor global trends in vegetation, 
but these are beyond the scope of this paper.

The application of modern methods of remote sens-
ing for the study of the health state of forests in the Czech 
Republic was initiated by Rock et al. (1986, 1988). The 
authors used for the first time the moisture stress index 
(MSI) and the blue shift phenomena. These principles 
were further elaborated by Lambert et al. (1995). Using 
logistic regression, field survey and TM1, TM3, TM4 and 
TM7 spectral bands they classified forest health status in 
3 classes with 71 – 75% accuracy. Campbell et al. (2004) 
studied the potential of hyperspectral airborne data and 
were able to distinguish four classes of forest damage by 
means of indexes in the range of 673 – 724 nm. Hais et al. 
(2009) focused on the detection of forest disturbance. By 
studying Landsat’s time series, the authors demonstrated 

the potential of the Tasseled cap analysis and Disturbance 
Index. Mišurec et al. (2012) observed a close relationship 
between several hyperspectral vegetation indices and the 
amount of chlorophyll in leaves. A similar approach was 
used by Malenovský et al. (2013). With the use of hyper-
spectral airborne data, the accuracy of the chlorophyll a + 
b retrieval over 90% was achieved without the use of field 
data for model calibration. Lhotáková et al. (2013) tested 
the use of laboratory methods to measure the reflectance 
of the pine needles by varying the level of stress. To dis-
tinguish the stress level, they recommended studying 
the water content of the tissues, the amount of leaf pig-
ments and phenols as stress indicators. Kopačková et al. 
(2015) demonstrated the relationship between the two 
toxic elements – aluminium (Al) and arsenic (As), which 
were redistributed from soil to needles and affected the 
amount of soluble phenols and the ratio of chlorophylls 
to carotenoids. Ability of Tasseled transformation to pre-
dict the bark beetle attack was demonstrated by Hais et 
al. (2016) using retrospective analysis of Landsat data. 
The wetness components and the slope of its time curve 
had the greatest prediction potential. The combination of 
the Landsat time series and hyperspectral airborne data 
(ASAS and APEX) was studied by Mišurec et al. (2016) 
in order to monitor changes in the physiological state of 
spruce stands. An analysis of the time series of the Distur-
bance index (similar to Hais et al., 2009) demonstrated 
its potential to detect previous crop disturbances. From 
the hyperspectral indices, the highest predictive potential 
for damage identification had the Vogelmann red-edge 
index, which is sensitive to changes in photosynthetic leaf 
pigments. The advantage Sentinel–2 satellite data was 
recently demonstrated by Homolová et al. (2016). Inver-
sion of Discrete Anisotropic Radiative Transfer Model 
(DART) was applied to retrieve three products related to 
forest health – chlorophylls a + b, leaf water and leaf index 
for two types of ecosystem – beech and spruce forests. 

Satellite remote sensing-based assessment of forest 
health in Slovakia was developed in relation with aerial 
forest monitoring (Račko 1996). Scheer (1997) pre-
sented advantages of two-phase regression sampling 
in classification of forest health from satellite scenes in 
a case study from northern part of Slovakia. The same 
methodology was later used and developed in studies 
Barka & Bucha (2010), Bucha & Barka (2014) and 
Barka & Bucha (2017). Since 2009, classifications of for-
est health status (including historical assessments from 
1990 onward) based on Landsat and Sentinel–2 data are 
published via web map applications (http://www.nlcsk.
sk/stales) on a yearly base.

In both Slovakia and the Czech Republic, the main 
motivation to conduct and improve satellite-based 
remote sensing of forests is the need to monitor forest 
health trends, particularly in Norway spruce (Picea abies) 
forests suffering from a compound of stressors, including 
windstorms and biotic agents. Large area of managed 
forests with relatively high share of spruce stands in both 
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countries (2.02 mill. ha with 23% of spruce in Slovakia 
and 2.67 mill. ha with 44% of spruce in the Czech Repub-
lic) requires efficient monitoring of forest health status 
capable to evaluate the whole territory at least once a 
year. Secondary Norway spruce stands started to show 
worsening of health status in late 1990s. In Slovakia, the 
process accelerated rapidly after a windstorm in the High 
Tatra Mts. in November 2004 as well as numerous smaller 
events, leading to subsequent bark beetle outbreaks and 
an increase of sanitary fellings up to 65% of the total 
annual harvest. In the Czech Republic, the most severe 
large-scale dieback of spruce stands occurred between 
1992 and 2010 in Šumava National park and from 2012 
up to now in two regions – North Moravia and Olomouc. 
In 2016, almost 2 mil. m3 of spruce wood infested by bark-
beetle was harvested in this two regions from the total of 
3 mil. m3 of total volume of spruce wood. This trend fur-
ther accelerated in 2017 and 2018 with expected sanitary 
loggings reaching unprecedented volume of 20 mil. m3. 
Similar remote sensing based monitoring systems are 
developed in the neighbouring countries (Bartold 2016; 
Somogyi et al. 2018).

Objective of this study is to provide systematic 
description of remote sensing-based forest health moni-
toring systems in both countries, which is the information 
that has been so far available in numerous fragmented 
sources and often in national languages only. Assessment 
of strengths and weaknesses of the two systems might 
support their further development as well as their broader 
use in forest management and research.

2. Material and methods

2.1. Czechia

2.1.1 In – situ data
The assessment of forest health status in Czechia relies 
primarily on two in-situ datasets: 1) leaf area index (LAI) 
assessment on the plots of National Forest Inventory, 2) 
plot-level defoliation assessment as performed within 
ICP Forests initiative. Sampling scheme in both datasets 
is well suited for satellite data interpretation, having plot 
size of 30 × 30 m for LAI plots and 50 × 50 m (2 500 m2) 
respectively for ICP Forests plots.

In total 189 plots were sampled for LAI using method 
of digital hemispherical photography (DHP), from which 
79 stands were dominated by coniferous trees (42% of 
plots) and 110 by deciduous trees (58%). Details on 
DHP data analysis can be found in Leblanc et al. (2005). 
Sampling of DHP was designed to meet the Sentinel–2 
spatial resolution of 20 m per pixel as square with side of 
20 m, while the number of photos and their position was 
selected according to Majasalmi et al. (2012) as cross-
shape with 13 sampling locations in 3 m distance.

Site-level defoliation from ICP Forests database
ICP Forests is a pan-European project of long-term 
systematic monitoring of the health status using in-
situ observation of defoliation levels (Ferretti 1997). 
In the Czech Republic, Forest Management and Game 
Research Institute (VÚLHM) collects the data annually 
on 306 experimental sites (Level I – systematic moni-
toring of tree level defoliation) and performs a detailed 
assessment of health status and environmental factors 
(Level II – 16 sites for detailed assessment of crown and 
forest soils status, deposition, foliage analysis, litter, 
growth assessment, understory vegetation, meteorol-
ogy, phenology and air pollution). Defoliation surveys 
are performed visually according to established protocols 
(ICP FORESTS, 2010).

VÚLHM provided an ICP Forests Level I survey (defo-
liation of individual trees for each plot) between 2000 and 
2014 for all 306 plots established in Czech Republic. To 
compare these in-situ data against satellite observations 
of Sentinel–2, we calculated average, median, and stand-
ard deviation for each year and for each area (see Fig. 1 
for distribution of average defoliation values).

Fig. 1. Average plot-level defoliation for ICP Forests plots in 
2014 (% of plots).

2.1.2 Satellite data used for interpretation
The key to assessing the health status of forests from 
remote sensing data is the availability of high quality (i.e. 
cloud-free) mosaic generated from all-available Senti-
nel–2 data. This is a basic pre-requisite for any remote 
sensing data interpretation. Czech methodology for 
forest health assessment proposed a novel processing 
chain for automated cloud-free image synthesis based 
on the analysis of all available Sentinel–2 satellite data for 
selected sensing period (e.g. the vegetation season from 
June to August). The processing chain is implemented 
in three follow-up processes – 1) batch downloading, 
2) atmospheric corrections of raw images (so-called L2 
process) and 3) automated synthetic mosaic generation 
(so-called L3 process, or spatio-temporal image synthesis 

261

I. Barka et al. / Cent. Eur. For. J. 64 (2018) 259–275



Fig. 2. Pre-processing workflow of Sentinel-2 satellite data from L1C to L3 product.
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(Fig. 2). Due to its high computational and data storage 
requirements, the processing chain is implemented on 
IT4innovations supercomputer facility (© 2018 VŠB-TU 
Ostrava), which enables for distributed computing on 
many computational nodes.

In the first step, Sentinel–2 scenes are automatically 
downloaded from Copernicus Open Access Hub (global 
Copernicus data access point) and CESNET (Collabo-
rative ground segment of Copernicus implemented in 
Czech Republic). Next, the atmospheric and topographic 
corrections are performed for each Sentinel–2 image 
using Sen2Cor tool by ESA. Then, each pixel in image 
mosaic is evaluated independently in the time series of 
images. Selection of the highest quality pixel, having low-
est cloud cover and being in vegetation growing season, 
is based on decision tree using the values of vegetation 
index sensitive to biomass (e.g. the Normalized Differ-
ence Vegetation Index, or NDVI). In addition to highest 
NDVI value, several other rules are applied in the form 
of decision tree: these include cloud masking and a-pri-
ori assumptions on reflectance range in visible and near 
infrared region. An example of the synthetic cloud free 
mosaic and the individual dates used for its construction 
is shown on Fig. 3.

2.1.3 Forest health assessment system
In the presented Czech methodology, health status is not 
assessed as absolute amount of leaf biomass (having LAI 
as proxy for leaf biomass), but on its change over time. 
The basic premise is that the health status can be objec-
tively determined only by observing the relative change 
in LAI over time. In the first step, we calculate selected 
vegetation indexes (e.g. Normalized Difference Vegeta-
tion Index – NDVI, Red Edge Inflection Point – REIP 
and Normalized Difference Infrared Index – NDII), 
and image transformations (e.g. components of Tas-
seled Cap transformation) and compare their sensitiv-

ity against in-situ data from sampled plots (e.g. LAI and 
ICP Forests plots). For each dataset, a linear regression 
models between in-situ data and Sentinel–2 indices were 
calculated and evaluated. For indices yielding best linear 
fit, neural network was trained and applied per-pixel to 
retrieve prediction LAI maps (Fig. 4).

Fig. 4. Developing prediction model of LAI using multiple 
source of in-situ data.

Classification system of forest health is proposed, 
which will evaluate forest health on pixel level as a change 
in LAI values over time and classify each pixel in the fol-
lowing five categories:
I. significant increase: increase in LAI by 1.5 and higher
II. moderate increase: increase in LAI from 0.5 to 1.5
III. stable conditions: change of LAI between −0.5 

and 0.5
IV. moderate decrease: decrease in LAI from −1.5 to −0.5
V. significant decrease: decrease in LAI higher than −1.5

The countrywise assessment of forest health is carried 
out on cadastral level, where the area of forest stands of 
classes IV and V are evaluated for the total forest area of 
cadastre for stands of age between 0 and 80 years. This 
condition is put due to the fact that it is not possible to 
distinguish between sanitary logging and planned log-
ging for old-grown forests – both will be reflected by a 
sharp decrease in LAI values. Each cadastre is assigned 
in one of the following categories:

Fig. 3. Combining different observation dates in single syn-
thetic cloud-free mosaic.
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The methodology is based on a two-phase regression 
sampling. The first phase estimates forest health directly 
from satellite images. The second phase refines the ini-
tial assessment using data from a ground defoliation 
assessment. Defoliation was set as the main indicator 
of a visual symptom of health of trees. Even though the 
value of spectral reflectivity recorded with sensors and 
the defoliation are not of an identical phenomenal base, 
most works proved a close relation between them (e.g. 
Gross 2000; Joria & Ahearn 1997).

2.2.1 Ground data and forest mask
The ground data on defoliation were collected by visual 
inspection on 112 permanent monitoring plots, distrib-
uted regularly over the afforested territory of Slovakia in 
a grid 16 × 16 km, using methodology of the ICP Forests 
program. Each plot has a squared shape with 50 m long 
sides (ICP Forests 2010; Pavlenda et al. 2014). Defolia-
tion, defined as needle/leaf loss in the assessable crown 
as compared to a reference tree, is observed regardless 
of the cause of foliage loss and assessed in a 5% interval. 
Visual inspection is carried out on yearly basis. Defo-
liation expresses the percentage of missing assimilation 
organs to a fully leafed tree, i.e. 0% – healthy tree, 100% 
– dead tree. To identify forest area and distribution of 
main tree species in Slovakia, a raster map prepared by 
Bucha (1999) on the base of Landsat scenes is used. This 
source is preferred as it contains information on tree spe-
cies distribution within forestry management units which 
is the main advantage against the more actual data taken 
from forest management plans. 

2.2.2 Phase 1 
Alternative 1
Two components are derived from the original satellite 
bands using an orthogonal transformation; the compo-
nents are referred to as new synthetic channels (NSC1 and 
NSC2). Only red (R), near infrared (IR) and shortwave 
infrared (SWIR) bands are used. The second SWIR band 
(band 7 in Landsat products) was utilized in analyses for 
2015 – 2017. Mathematic apparatus for the components 
derivation follows Jackson (1983). There is a difference 
in the way of defining the physical meaning of the derived 
components. In Jackson’s approach, the first component 
represents brightness. It is derived from points with low 
and high reflectivity, ordinarily represented with moist 
soil on one side and dry soil on the other side. The second 
component (greenness) represents the amount of green 
vegetation. In our study, the NSC1 represents a spectral 
variability of tree species. The NSC2 component is opti-
mized for defoliation estimation.

Fully foliaged stands with very different reflectivity 
(coniferous and broadleaves) were chosen and the dif-
ferences of their reflectance were calculated as:

I. Category 1: 0 – 5% of class IV and V forests – healthy 
stands

II. Category 2: 5 – 10% of class IV and V forests – pre-
dominantly healthy stands

III. Category 3: 10 – 15% of class IV and V forests – mod-
erate conditions of stands

IV. Category 4: More than 15% of class IV and V forests 
– damaged stands
The proposed thresholds for inclusion of the cadas-

tres into one of the four classes are purely empirical and 
the values can be set based on user experience. The con-
ceptual diagram of the entire system is illustrated in Fig. 
5, and its application for LAI change maps between 2015 
and 2017 is shown in Fig. 11.

Fig. 5. Conceptual diagram of the system for assessing the 
health status of forest stands at cadastral level in the Czech 
Republic.

2.2. Slovakia
In presented Slovak approach, classification of forest 
health status is based on Landsat and/or Sentinel–2 
satellite scenes and ground data on tree defoliation (ICP 
Forests database). Both types of imagery are processed 
using the same methodology. Forest health is evaluated 
once a year (at the peak of vegetation season) and final 
product is a map of defoliation classes. Compositions 
of scenes and classifications are prepared for years in 
the period 2003 – 2017, except for 2004, 2005, 2009 
and 2014, when cloudless scenes were not available, 
or available scenes did not cover the whole forest area 
of the country. The assessment was done also for 1990, 
1996, 1998 and 2000 (Bucha & Barka 2014), but due 
to different classification system of health status these 
evaluations are not presented here.
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bi = (Xs – Xb)i

where: i – R, IR and SWIR bands; Xs and Xb represent 
reflectance values of spruce (coniferous) and beech 
(broadleaves) stands.

The low reflectance values represent spruce stands; 
high reflectivity is typical of beech. These values (low and 
high) were calculated as mean value from several plots 
identified manually on the satellite scene.

A standardization of vector b = (b1, b2, b3) was carried 
out into the form of unit vector by dividing each of vector 
elements by a normalisation factor B:

and A1,i are coefficients used to derive the first component 
NSC1: 

NSC1 = A1,1* X1 +A1,2 * X2 + A1,3 * X3, 

where Xi are reflectance values of pixel in i-th band.
To derive the second component, the reflectance 

values representing maximum defoliation (dead stands 
– Xdeadtree) are calculated as well as the difference to the 
first component:

gi = (xdeadtres – Xb)i – D2,1 * A1,i

where D2,1 = ∑i=1(xdeadtres – Xb) * A1,i

Such a process ensures orthogonality of b and g vec-
tors. Similarly, as in the first step, the g vector is stand-
ardized by means of the normalization factor G, and 
transformation coefficients are calculated: 

Calculation of NSC2 is as follows: 
NSC2 = A2,1 * X1 + A2,2 * X2 + A2,3 * X3

Calculated values of NSC2 component represent a 
perpendicular distance from the line of reflectance values 
of component NSC1 defined by the fully foliated trees of 
spruce and beech on its borders. The distance from the 
line is proportional to the extent of the tree damage in 
the given pixel. 

Alternative 2
An alternative approach takes benefit of a moderate cor-
relation in defoliation between subsequent years (Bucha 
& Barka 2014). This allowed simplifying the 1st phase 
of regression sampling. Instead of calculating the NSC2 
component, a defoliation was estimated in a given year t 
on the basis of defoliation in the previous (or next) assess-
ment t-1 (or t+1), i.e deft-1 = f(Rt, IRt, SWIRt) where inde-
pendent variables are the reflectance values of satellite 
bands from year t. A multiple linear regression is used 
to analyse the relationship. The defoliation predicted in 
this way can be considered to be a proxy of NSC2. In 2017 
assessment, derivation of NSC2 component from actual 
satellite scenes was used as an input for correlation analy-
sis instead of classification from previous year (Table 2).

2.2.3 Phase 2
The 2nd phase is based on the evaluation of defoliation ICP 
Forest dataset, complemented with data from the Forest 
Protection Service Centre and other field measurements, 
e.g. known dead stands with defoliation 100% to cover 
full range of defoliation values (0 – 100%, see Fig. 1). For 
the needs of health classification, the average defoliation 
on plot was calculated. The total number of plots for each 
year is given in Table 2. 

Mean spectral reflectance and standard deviation are 
found for each monitoring plot. This spectral character-
istic is paired with respective defoliation value. Then, a 
regression model is derived by means of a simple linear 
regression analysis between the output of the first stage 
(NSC2) and defoliation. Finally, the defoliation for each 
pixel of the NSC2 raster is assessed by means of the 
derived regression equation.

The result of forest stand classification is the per cent 
defoliation. For the presentation purposes, the forest 
stands were considered as damaged if their defoliation 
exceeded 40%. It is noteworthy that forest stands after 
felling (both regular and accidental felling) are included 
in this category. Stands with defoliation below 40% were 
classified as healthy.

3. results

3.1. Czechia 
3.1.1 Developing forest health assessment 
system
Scattergrams and coefficients of determination of lin-
ear regression indicated that NDVI and REIP vegeta-
tion indices calculated from the Sentinel–2 data were 
not found to be related to LAI values measured in the 
field. The determination coefficients are very low for both 
indices (R2 = 0.01) and the relationships are distinctive 
for coniferous and deciduous forest stands. The Tasseled 
Cap transformation of the DI’ index (Wetness – Green-
ness component) has a moderate sensitivity to field data 
(R2 = 0.29), but the relationships are species-specific. 
The highest potential for prediction of ground-based LAI 
values have indices NDII (R2 = 0.57), DI (R2 = 0.63) and 
Wetness component of Tasseled Cap transformation (R2 
= 0.58). All three products also yield identical relation-
ships for coniferous and deciduous stands (Fig. 6).

For the development of LAI prediction model, NDII, 
DI and Wetness indices were found to be the most suit-
able ones. In the training phase we designed a neural 
network with good theoretical performance (correlation 
coefficient R = 0.77, Fig. 7a) and very good prediction 
of LAI from Wetness values (R = 0.86, Fig. 7b). Neural 
network was stored as Matlab function and applied per 
pixel to Wetness values for Sentinel–2 cloud free mosaics 
of 2015, 2016 and 2017. Fig. 8 shows an example of the 
retrieved LAI map.

3

A = g / G G = ∑ g2,1 i i=1 iwhere ( )
1/223
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3.1.2 Validation of leaf area index maps 
against in-situ data

Leaf area index
First validation was based on the comparison of field 
measurements of LAI against per pixel retrieval of LAI 
from Sentinel–2 mosaic of 2017. This was done by plot-
ting the measured LAI against retrieved LAI values and 
evaluating its root mean square error (RMSE). We 
found a good correspondence of measured and retrieved 
LAI, with values close to the 1:1 line. The RMSE of LAI 
retrieval was 0.53 and mean absolute error (MAE) was 
0.41 (Fig. 9). The validation is, however, not truly inde-
pendent as some of the validation data were used in model 
development.

Defoliation levels from ICP Forest database
In the next step, we compared the ICP Forest site-level 
defoliation values from 2015 against the LAI values 
obtained by LAI prediction model for Wetness compo-
nent of the Sentinel–2 mosaic from 2015 (see 3.1). We 
extracted the defoliation values for 194 ICP Forests plots 
and compared them against LAI values obtained by the 
prediction model. Here we observe a strong linear rela-
tionship between site-level defoliation and retrieved LAI 
(R2 = 0.58), with increase in defoliation with decreasing 
LAI (Fig. 10).

3.1.3 Developing forest health assessment 
system – a synthesis
The final concept of the monitoring system is as follows:
1) Sentinel–2 data processing chain has been developed, 
which produces time series of high-quality, cloud-free 
mosaics for the Czech Republic and for a user-selected 
time period (see 2.2)
2) A predictive model for LAI retrieval from the Wet-
ness data of the Tasseled Cap of the Sentinel–2 image 
transformation based on the machine learning methods 

Fig. 6. Performance of selected vegetation indices obtained 
from the Sentinel-2 cloud-free mosaics for prediction of LAI 
of coniferous (dark green) a deciduous (light green) stands.

Fig. 7. Training (left) and testing (right) phase of artificial 
neural network for prediction of LAI from Wetness compo-
nent of the Tasseled Cap image transformation of Sentinel-2 
reflectance.

Fig. 8. Per-pixel retrieval of LAI for Bruntál municipality. The 
map is based on the Sentinel-2 cloud-free mosaic from 2017. 
The values were predicted using artificial neural networks-
based algorithm.
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was developed (see 3.1.1). The model has been success-
fully validated against in-situ data (see 3.1.2). There was 
a strong relationship between LAI values and site-level 
defoliation observed from ICP Forests data. Finally, we 
also found a good correspondence of the predicted LAI 
with forest health assessment based on independent air-
borne hyperspectral dataset with a very high spatial and 
spectral resolution.

Prediction model was applied on cloud-free image 
mosaics of 2016, 2017 and 2018 to yield maps of LAI 
and its change in the studied time period. Difference 
LAI maps were then used to classify each forested pixel 
in one of the five classes of forest health. Cadastre-level 
assessment of forest health is then performed based on 

the percentage share of class IV and V forests (high and 
medium LAI decrease) to total forested area of cadastre 
(Fig. 11). In Table 1 total areas of different forest health 
classes for the area of Czech Republic is given.

3.2. Slovakia 

3.2.1 Models for forest health 
status classifications
Statistical models for estimation of forest health condi-
tion based on the two-phase approach are shown in Table 
2. Pearson correlation coefficients between reflectance 
in actual satellite composition and defoliation in previ-
ous year (1st phase of the assessment) varied from 0.47 
to 0.70. Correlations between 1st and 2nd phase were in 
the range 0.85 – 0.97. Standard error (syx) of regression 
lines for the 2nd phase varied from 2.1 to 11.0 % of defo-
liation. This measure could be used for interpretation of 
accuracy. For example, syx = ± 8.9% in 2013 means that 
if defoliation is determined at 30%, it can actually range 
from 21.1 to 38.9% at 68% confidence, respectively from 
12.2 to 47.8% at 95% confidence.

3.2.2 Evaluation of forest health status
The total share of damaged stands (i. e. with defoliation 
higher than 40%) increased from 6–8% in 2003–2011 
to 13–15% in 2012–2017 (Fig. 12 and 13). Situation in 
coniferous stands was worse by ca 5–10% compared to 
broadleaved tree species for most of the studied period. 
The most damaged tree species in Slovakia in the period 
2003–2017 was spruce, with the share of damaged 
stands reaching as much as 22.8% of the total spruce 
stands area in 2013 (Fig. 12 and Table B1 in Appendix 
B). Pine (Pinus sylvestris) showed higher damage than 
other tree species as well, with the peak at 30.2% in 2017. 
The most damaged broadleaved tree species was horn-
beam (16.8% in 2013).

4. discussion
Presented methodologies strongly depend on the quality 
of input satellite data. While Slovak methodology com-
bine scenes from Sentinel–2 and Landsat satellites in 
the input mosaics and thus takes benefit of longer data 
archive, Czech methodology is based on the Sentinel–2 
data dating back to 2015 only. Optical satellite data are 
particularly sensitive to cloud cover, atmospheric aero-
sol content and low solar illumination. While low solar 

Fig. 9. Comparing ground measured (x-axis, DHP analysis) a 
retrieved (y-axis, neural network applied on Sentinel-2 Wet-
ness component) LAI data. 

 

Fig. 10. Relationship between site-level defoliation from ICP 
Forests data (X axis) and its corresponding retrieved LAI val-
ues (Y-axis).

table 1. Results of forest health assessment in Czech Republic.

Sharp decrease in LAI Medium decrease in LAI Stable LAI Medium increase in LAI Sharp increase in LAI Forest area
[ha]Heavy damage 

[ha] / [%]
Damage 

[ha] / [%]
No change
[ha] / [%]

Regeneration 
[ha] / [%]

Strong regeneration 
[ha] / [%]

50,186 / 1.6 389,633 / 12.5 2,468,698 / 79.2 195,891 / 6.3 12,399 / 0.4 3,116,807
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illumination is not a problem in Central Europe during 
the peak of vegetation season (July – August) and aerosol 
contamination can be partly removed by atmospheric cor-
rection or by a careful selection of input satellite scenes, 
both presented methodologies rely on accurate cloud and 
shadow identification. 

Despite automatic cloud cover detection algorithms 
have recently significantly improved (Zhu & Wood-
cock 2012, 2014; Zhu et al. 2015), the best results can 
be obtained by manual identification of clouds and 
shadows, especially in case of low cloud cover and low 
number of scenes (in case of Slovakia there are 7–8 
scenes a year, what makes the manual detection feasi-
ble). Still, improved automated identification of clouds 
and shadows would be a great benefit for the whole 
monitoring system, future research should focus on this 
issue. A novel approach to cloud and shadow detection 
has been developed in the frame of the Czech method-
ology, where number of input scenes is considerably 
higher (with respect to the size of territory). Despite the 

use of more frequent observations acquired by the pair 
of Sentinel–2 satellites, and use of advanced methods for 
automatic synthesis of cloud free mosaics using the “big 
data” approach, some areas still remain contaminated by 
clouds. This leads to potentially incorrect assessment in 
some pixel in time series of LAI change. 

In addition to the predictive power of developed 
model, its resistance to atmospheric effects also high-
lights its efficiency. As each of the indices uses different 
wavelength, their resistance indeed differs. Specifically, 
the Wetness component of Tasseled Cap transformation 
yielded significantly better results compared to NDII and 
DI (results not shown here).

Sentinel–2 system has a very good specification for 
high-quality automated atmospheric corrections. The 
system contains several spectral bands, which are able 
to capture instantaneous atmospheric parameters and to 
detect different types of clouds, including cirruses, which 
are usually difficult to detect. Still, automated cloud 
detection and atmospheric correction are not perfect. For 

Fig. 11. Cadastre-level assessment of forest health status in Czech Republic using LAI change maps as a baseline. 
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Fig. 12. Share of damaged stands according to main tree species in Slovakia (2003 – 2017).



methodology evaluates forest health conditions via veg-
etation indices. The latter approach strongly benefits 
from the prior suitability analysis of selected indices for 
prediction of LAI. 

Satellite data are generally not able to interpret of 
the cause of the observed change in forest health status. 
While the Slovak methodology does not distinguish 
between standing forests and harvested compartments 
(planned or sanitary harvests), the Czech methodology 
addressed this issue by the analysing stands up to 80 years 
of age, where planned forest logging is not expected to 
occur. This gives that the forest health assessment on 
cadastral level may not be representative if cadastre unit 
is dominated by mature stands with worsened health 
conditions.

In the Slovak methodology, entire classifications for 
the whole afforested area is published as well as input 
satellite mosaics. In the Czech approach, raster classi-
fication is further processed and the interpretation of 
the difference maps LAI is done for the cadastral areas 
which differ in area and forest cover. Considering that 
the methodology classifies the cadastres into individual 
classes based on the share of Class IV and V forest stands 
to total forest area, the classification may not be relevant 
for cadastres with little forest cover.

Methodology developed by Stoklasa Tech was previ-
ously used to assess the health status of the Czech forests. 
Since it has never been presented in detail and published, 

Fig. 13. Classifications of forest health status in Slovakia based on the satellite imagery from years 2003 (A) and 2017 (B).
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example, about 6% of clouds were not detected correctly 
in the study of Hollstein et al. (2016). As was mentioned 
earlier, the Slovak methodology deals with this problem 
by manual identification of clouds and shadows.

Significant changes in forest reflectance are observed 
during different phenological phases, especially in decid-
uous stands. Satellite observations from different days 
must always capture vegetation in the same phenophase, 
otherwise the observed change in forest reflectance may 
be misinterpreted. This issue is addressed in the Czech 
methodology by a robust identification of the maximum 
of the vegetation phenophase individually for each pixel, 
which should ensure that the entire mosaic of the Czech 
Republic always captures the vegetation at its maximum. 
However, in some situations (such as the presence of 
clouds or loss of data) data from the phase of phenologi-
cal maximum cannot be acquired for some areas. In the 
Slovak methodology, the scene from the top of the vegeta-
tion season is chosen as a master scene for mosaicing. 

Evaluation of forest conditions using optical remote 
sensing is often based on spectral (vegetation) indices. In 
such a case, the results strongly depend on index evalu-
ated. It is obvious that selection of an appropriate index 
and knowledge of its properties is crucial for proper use 
of the method (Pickel et al. 2015). The two methodologies 
differ in their approach to the use of spectral data. While 
the Slovak methodology is based on direct relationship 
between defoliation and spectral reflectance, the Czech 



ularly pine stands are sensitive, from the view of selected 
methodology, to the conditions of grass vegetation in the 
understory. If satellite scene used for evaluation comes 
from relatively dry period, damage rate in the stands with 
lower density can be overestimated compared to terres-
trial measurements. 

ICP Forest data usually lack stands with defoliation 
higher than 50 or 60% (Fig. 1). As inclusion of such data 
into analysis is crucial for the 2nd phase of the presented 
Slovak methodology, they have to be identified in the field 
and on the scene (e.g. dead stands in unmanaged natural 
reserves) and added to inputs for regression model.

table 2. Derived models of two-phased sampling method used for damage classification in 2003 – 2017.
Ye

ar Model r st. error 
[% of defol.]

Size of sample 
(1st and 2nd phase)

20
03

1st phase: Estimation by classification from 2006:
SAO3by6 = 16.93+0.81*R2003−0.52*IR2003+0.46*SWIR2003

2nd phase: Assessment on monitoring plots in 2003
SAO2003 = −18.16+1.94*SAO3by6

0.55

0.86 ±11.0 n1: all forest pixels
n2: 24 plots

20
06

1st phase: Estimation by classification from 2010:
SAO6by10 = 26.8+0.28*R2006−0.47*IR2006+0.59*SWIR2006

2nd phase: Assessment on monitoring plots in 2006
SAO2006 = −38.26+2.34*SAO6by10

0.48

0.97 ±5.9 n1: all forest pixels
n2: 23 plots

20
07

1st phase: Estimation by classification from 2006:
SAO7by6 = −30.50+0.54*R2007+0.56*IR2007+0.57*SWIR2007

2nd phase: Assessment on monitoring plots in 2007
SAO2007 = −17.85+1.57*SAO7by6

0.57

0.87 ±7.4 n1: all forest pixels
n2: 94 plots

20
09

1st phase: Estimation by classification from 2010:
SAO9by10 = 33.70+0.06*R2009−0.61*IR2009+0.72*SWIR2009

2nd phase: Assessment on monitoring plots in 2009
SAO2009 = −46.34+2.58*SAO9by10

0.48

0.85
 

±7.7 n1: all forest pixels
n2: 98 plots

20
10

1st phase: Derivation of NSC1 and NSC2 components:
NSC2 = 0.20*R2010−0.58*IR2010+0.79*SWIR2010

2nd phase: Assessment 2009 (SPOT scenes classified into 10 classes – spruce forests only)
SAO2010 = 3.06+0.197*NSC2

0.68

±2.1
n1: all forest pixels

n2: all spruce pixels from 
2009 

20
11

1st phase: Estimation by classification from 2010:
SAO11by10 = 25.37+0.26*R2011−0.84*IR2011+0.99*SWIR2011

2nd phase: Assessment on monitoring plots in 2011
SAO2011 = −12.55+1.74*SAO11by10

0.60

0.88 ±9.0 n1: all forest pixels
n2: 104 plots

20
12

1st phase: Estimation by classification from 2011:
SAO12by11 = 28.9+0.14*R2012−0.83*IR2012+0.97*SWIR2012

2nd phase: Assessment on monitoring plots in 2012
SAO2012 = 31.66+2.11*SAO12by11

0.70

0.95 ±9.7 n1: all forest pixels
n2: 24 plots

20
13

1st phase: Estimation by classification from 2012:
SAO13by12 = −25.72+0.53*R2013−0.5*IR2013+1.08*SWIR2013

2nd phase: Assessment on monitoring plots in 2013
SAO2013 = −26.77+1.78*SAO13by12

0.65

0.86 ±8.9 n1: all forest pixels
n2: 100 plots

20
15

1st phase: Estimation by classification from 2013:
SAO15by13 = 1.346+0.036*R2015−0.027*IR2015+ 0.068*SWIR52015 +0.037*SWIR72015

2nd phase: Assessment on monitoring plots in 2015
SAO2015 = −24.41+16.64*SAO15by13

0.65

0.86
±10.45

n1: all forest pixels

n2: 97 plots

20
16

1st phase: Estimation by classification from 2015:
SAO16by15 = 1.2846+0.0001*R2016−0.0013*IR2016+ 0.0027*SWIR52016+0.0024*SWIR72016

2nd phase: Assessment on monitoring plots in 2016
SAO2016 = −15.13+1.5239*SAO16by15

0.59

0.87
±10.41

n1: all forest pixels

n2: 90 plots

20
17

0. phase: Derivation of NSC1 and NSC2 components:
NSC2 = 0.3631*R2017−0.4248*IR2017+0.5964*SWIR52017+ 0.5760*SWIR72017

1st phase: Estimation by classification from 2016:
SAO17by16 = −10.4851+0.1016*NSC2
SAO17by16-byte = SAO17by16+7*8

2nd phase: Assessment on monitoring plots in 2017
SAO2017 = −189.8+2.746*SAO17by16-byte

0.60

0.88

±3.4 n1: all forest pixels

n2: 86 plots
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we can only assume that it uses the time series of the MSI 
or NDII vegetation index from the Landsat data. The 
experience of previous authors (e.g. Lambert et al. 1995; 
Campbell et al. 2004) also leads to doubts about the pos-
sibility of re-evaluating the absolute value of 10 classes of 
defoliation of stands (from 0 to 100%) based on Landsat 
multispectral data without performing an annual land 
defoliation survey to calibrate the prediction model.

In addition to a high share of damaged spruce stands, 
high defoliation is visible in pine stands in Slovakia. How-
ever, these results could be affected by lower density of 
tree crowns and state of undergrowth vegetation. Partic-



tus is assessed at pixel-scale as a change in LAI for a given 
time interval. Final assessment of the state of health is 
applied at the cadastral level, where each cadastral unit 
is classified into four health classes based on the fraction 
of the lowest health status stands with significant LAI 
decrease out of the total forest cover for stands up to 80 
years of age.

The procedure for spruce forest status assessment 
based on two phase sampling was described and applied 
in Slovakia. The procedure uses R, IR and SWIR satel-
lite bands. The first phase is based either on the compo-
nent (NSC2) optimized for the damage estimation or on 
classification from the previous year. The second phase 
refines estimations by ground data and multi-regression 
analysis. The high correlations and low standard errors 
between 1st and 2nd phase of regression sampling proved 
the method’s suitability for consistent classification of 
forest status and time series analysis. Compositions of 
satellite scenes as well as classifications of forest sta-
tus were made available at http://www.nlcsk.sk/stales 
where forest health status maps can be explored using 
different web map tools. The boundaries and identifi-
cation of forestry management units can be overlaid in 
these applications to localize visible changes. The appli-
cations can be particularly useful for forest managers, 
state administration as well as for a wider public.

The ability for rapid and cost effective nationwide 
assessment of forest health status is the main strength of 
both presented methodologies. On the other hand, their 
weaknesses stem in demanding procedure for creation of 
cloud free mosaics of satellite scenes, exclusion of stands 
older than 80 years in the Czech approach and mixing 
of harvested stands and severely damaged stand in the 
same categories in the Slovak approach. Data fusion with 
Sentinel 1 and other radar datasets seems to be the most 
promising way of future methodological development in 
both countries.
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It is planned that both methodologies will further 
develop in the future. Data from Synthetic Aperture 
Radar (SAR) satellite sensors are increasingly being used 
for monitoring of forest cover and its changes (Schmul-
lius et al. 2015). The research is often driven by effort to 
evaluate growing stock (e.g. Santoro et al. 2011, 2013), 
carbon stock (Thurner et al. 2014) or forest disturbances 
(Ranson et al. 2014). SAR data can be used alone or 
in combination with optical data (Reiche et al. 2018). 
Combining data from different sensors in detection algo-
rithms seems to have an increasing trend, and attempts 
to combine outputs from several detection algorithms are 
conducted as well (Healey et al. 2018). Much of the newly 
developed algorithms is based on trend analysis in longer 
time periods (Zhu et al. 2015).

Cloud-based processing of time series of high tem-
poral and spatial resolution data like SAR, Sentinel-1 
and optical Sentinel–2 will further enhance capabilities 
for incorporating time domain in the analyses of forest 
health status. This will allow not only to increase capac-
ity for cloud-free image generation, but also to increase 
the frequency of assessment. Temporal trends in forest 
reflectance may be also used e.g. to improve species clas-
sification and include more detailed species maps.

With the availability of new remote sensing datasets 
acquired, for example by multispectral and hyperspectral 
UAV cameras or very high temporal resolution micro-
satellites (e.g. Planet Labs), an entirely new type data 
analysis in forestry emerges. Whereas very high spatial 
resolution data from UAVs may be applied on regional 
level e.g. to identify pre-visual stress on individual tree 
level, daily revisit time of Planet system allows for near-
real time monitoring of forest operations in very high 
spatial resolution. Our capacity for incorporation of 
this type of data is however limited due to the additional 
costs related to data acquisition (UAVs) and access (com-
mercial satellite systems such as Planet Labs). Therefore, 
these advances are unlikely to be included in regular for-
est health assessment in the Czech Republic and Slovakia 
in the near future.

5. Conclusions
Nationwide assessment of the forest health status in 
the Czech Republic is based on the analysis of synthetic 
cloud-free Sentinel–2 satellite observations using a novel 
analysis of all-available satellite observations (so called 
“spatio-temporal synthesis”) in a big data environment. 
Using several independent datasets containing informa-
tion on health status (e.g. site-level defoliation assessed 
within ICP Forests plots, in-situ measurements of LAI 
on NFI plots, airborne hyperspectral data) an advanced 
machine learning techniques are applied to predict LAI 
from Sentinel–2 transformed images. Forest health sta-
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appendix figures and tables

Fig. a2. Location of National forest inventory plots sampled for digital hemispherical photography. All field plots were visited 
during the period of maximum vegetation foliage, for 2016 and 2017 in June to August, while in 2015 was the test period, where 
photos were taken only for evergreen coniferous plots, mostly in October. All DHP photos were analysed in Hemisfer software 
(WSL, Switzerland). The software uses the LAI value inversion from angular distribution of canopy gaps for a set of statistically 
representative set of images.

table a1. Basic descriptive statistics of retrieved leaf area index (LAI) values for sampled plots.
Year Number of sampled sites Average LAI Maximum LAI Minimum LAI Standard deviation of LAI
2015 32 2.52 3.50 1.75 0.13
2016 45 3.12 5.22 0.49 1.03
2017 112 2.04 3.48 0.72 0.26
2015–2017 189 3.15 5.22 0.49 0.61

table a2. Share of damaged forest stands in 2003–2017 out of the total areas occupied by a given tree species (Slovakia).

Forest type Area 
[ths. ha]

Share of damaged stands 
[%]

2003 2006 2007 2009 2010 2011 2012 2013 2015 2016 2017
Spruce 427.554 7.9 10.3 11.1 18.1 16.3 17.5 22.7 22.8 18.5 21.2 18.4
Fir 78.455 3.5 3.6 3.4 5.8 5.1 5.6 9.2 9.8 8.5 11.9 8.6
Pine 100.595 17.7 8.2 5.5 14.2 11.5 9.2 19.1 19.6 22.8 16.7 30.2
Other conifers 43.042 6.9 5.6 5.9 7.9 8.2 7.5 11.5 11.7 8.8 12.4 9.4
Conifers 649.647 8.8 8.8 8.9 15.3 13.6 14.1 19.8 20.0 17.3 18.7 18.4
Beech 585.803 6.2 3.2 2.9 3.9 3.9 4.1 7.3 10.0 10.2 14.7 7.4
Oaks 297.157 6.1 3.4 4.9 5.5 2.8 3.6 13.1 9.9 9.1 11.3 11.2
Hornbeam 113.577 8.2 4.4 6.1 6.7 3.3 4.6 16.3 16.8 11.7 15.6 13.0
Other broadleaves 122.171 12.0 4.8 7.1 6.8 5.4 5.7 15.3 10.9 11.0 10.3 15.0
Broadleaves 1 118.708 7.0 3.6 4.2 4.9 3.7 4.2 10.6 10.8 10.1 13.4 9.8
Total 1 768.355 7.7 5.5 5.9 8.7 7.3 7.8 14.0 14.2 12.8 15.3 13.0

Fig. a1. Sampling scheme for acquisition of digital hemi-
spherical photographs. The images were taken with a Nikon 
D5500 digital SLR camera with a Sigma 4.5 mm circular fish-
eye lens. The camera was placed on a Vanguard Espod CX203 
AP tripod and aligned horizontally with a two-axis level. All 
photos were shot with lens facing north and taken as RAW 
uncompressed images. 
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