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INTRODUCTION

Forest is the most diverse and structurally well-developed ecosystem on the planet, 
while forestry – as at one and the same time a branch of the economy and a scientific dis-
cipline – is an exceptionally diverse area of inter-sectoral and interdisciplinary linkages. 
This actually makes it challenging to address both forest ecosystems and the development 
of scientific thought in regard to them simultaneously. A further part of the reason for 
this is the way in that the very perspective of the life of forest trees – lasting a century at 
minimum – poses its own challenge.  

Today forests cover some 30% of the Earth’s land surface, with the comparable 
figure for the continent of Europe being somewhat higher at 33%. In Europe forest is 
seen as a natural form, and among those least transformed by human activity. At the 
same time, it represents a communal good which does much to shape a person’s quality 
of life. Forests also represent rich resources characterised by their renewability, and 
standing out in a vide variety of ways. The positive impacts on water management 
and agriculture are just the start, since protection against extreme weather phenomena 
can be added, the favourable direct influence on human health, as well as the slightly 
less-direct, yet more tangible, issues of opportunities provided for rest and recreation. 
There are a host of other helpful impacts beyond this list. 

But today’s forest is under threat from climate change. Indeed, given the rapid rate 
of the individual changes involved, the longlived tree species face a growing risk of in-
ability to cope with (adapt rapidly enough to) new conditions. Obviously the uncertain-
ties at the level of forest management are all the greater. Yet from the economic point 
of view there is no question that the demand for products of forest origin is growing 
steadily, and that for developing countries in particular those products are a source of 
revenue of cardinal importance. In turn, in the more highly-developed countries, raw 
materials from the forest are again seen as valuable, given that they represent a renew-
able source whose utilisation is fully in line with the desire of most Western urbanised 
societies to move to a more sustainable way of life. 

It is such reflections that come to the fore as we seek to identify challenges and 
opportunities for 21st-century forestry, with each meeting among foresters offering 
a further opportunity to look through these issues and reach helpful conclusions for 
the future. 

It is against this background that we hereby convey to the Reader materials from the 
international conference on ”Challenges and Opportunities for 21st-century forestry” 
(Wyzwania i szanse leśnictwa XXI wieku), as organised by Poland’s Forest Research 
Institute (Instytut Badawczy Leśnictwa) at Sękocin Stary, to mark the 85th anniversary 
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of the commencement of the IBL’s activity serving forests and forestry. We are most 
grateful to the Authors of the papers given, and posters put on display, for their having 
accepted the invitation to participate and prepare materials. For IBL personnel and cir-
cles it is an honour to see so many distinguished guests from at home and abroad take 
part in what is a really exceptional occasion from our point of view. 

Prof. Janusz Czerepko

Director of the Forest Research Institute
(Instytut Badawczy Leśnictwa) 
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PAPERS SESSION

Papers given by foreign speakers have been published in the authors’ versions. 
The text makes interchangeable use of two abbreviations for Instytut Badawczy Leśnictwa,  
i.e. IBL (from Polish) or FRI (from the English-language equivalent - Forest Research Institute).
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THE DIRECTIONS TO THE DEVELOPMENT  
OF STATE POLICY ON FORESTS

Piotr Otawski

Undersecretary of State – Chief Nature Conservator, Ministry of the Environment, Poland

Poland’s National Policy on Forests (Polityka leśna państwa in Polish) was adopted in 
1997, and the nearly 18 years that have now elapsed since that time have not brought 
another document that would seek in the same way to lay down objectives for forest man-
agement, as well as strategies by which these might be achieved at the national level. It 
might of course be claimed that this speaks highly of what was developed back in 1997, 
suggesting that the Policy from that time was good enough, the policies encompassed 
weighty enough, and the trends and responses to threats identified effectively enough, to 
ensure that most of the thinking remains current. But even then, it would be hard not to 
notice that recent years have seen a great deal – even a very great deal – of change that 
must denote that the circumstances from the late ‘90s are less likely to apply. 

In the first place, Poland became a Member State of the European Union, and hence 
an adopter and implementer of the entirety of Community Law within the acquis com-
munautaire framework. And while those provisions may not regulate forest management 
directly, they many times exert a major influence on its pursuit. Nevertheless, it is not 
just the legal and institutional functioning of the country that have changed, since the 
economic conditioning is also transformed. Demand for wood has been rising, with no 
sign of that trend levelling off. At best it may be subject to some transient correction con-
ditioned by cyclical change in overall economic and commercial conditions. Rising de-
mand has had an obvious impact on the prices of wood on world markets, but it also steps 
up the pressure to increase supplies of the raw material. There has also been a change in 
the social environment and the expectations of society as regards sustainable forest man-
agement. Expectations as regards forests as places of rest and recreation are growing, and 
this has been translating, not only into a need to ensure appropriate infrastructure, but also 
into expectations as regards the very means in which management is pursued, its intensity 
and the aesthetic dimension to it – an aspect that, contrary to popular belief, should not 
be played down, let alone derided. There is also increasing pressure on the part of envi-
ronmental organisations, who expect more account to be taken of the need to protect bio-
diversity in forest management, as well an influence for themselves when it comes to the 
way in which that management is carried out. Of no lesser importance – clearly – is the 
fact that the very conditioning of the environment in which forest management functions 
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is changing, denoting an imperative to adjust. There is a growing awareness of the risks 
climate change pose, and many relevant trends have already proved discernible in the 
wider environment. Over the last two decades there has, for example, been a clear trend 
towards shorter periods of lying snow cover each winter, as well as an increase in average 
winter temperatures. Heatwaves and associated periods without precipitation are occur-
ring more frequently, while there are more and more frequent downpours and extreme 
wind events, which seem also to assume ever-greater intensities. And all of these factors 
exert a major influence on forest ecosystems, while needing to be taken full account of 
as forest management is planned for and then pursued in practice. And in all of this the 
key role forests play in climate policy itself must never be overlooked, since they are not 
merely passive victims of climate change, but have a huge role to play in that matter. In 
relation to the kind of forestry  engaged in, and the levels of afforestation or deforestation 
achieved, forest may be of great importance in either the net absorption or net liberation 
of CO2. It can also be a specific kind of inhibitor of the impacts – or at least the perception 
of the impacts – of climate change, serving as both refuge and “conveyor belt” when it 
comes to the movements of living things in an era of more rapid environmental change. 
On the other hand, the significance of certain phenomena or threats seems to be declining, 
just one example here being the impact of air pollutants on the health condition of forests. 

Forest management is thus subject to pressure, but also to expectations that conflict 
with one another and cannot all be met simultaneously and in full. Meanwhile, the specif-
ics of the situation seem to escape attention as fundamental programme documents for the 
development of Poland in the short and medium terms are drawn up. And the problem is 
not an irrelevance, since it is enough to recall that forests have recently been accounting 
for almost 30% of the whole of Poland. In the document entitled Polska 2030 – trze-
cia fala nowoczesności. Długookresowa strategia rozwoju kraju (i.e. ”Poland 2030 – the 
third wave of modernity. A long-term strategy for the development of the country”), the 
matter of forest management is not encompassed within a separate framework, but is rath-
er contained in an area associated with the protection and management of environmental 
resources. This is in part justified by the document’s assumptions, which link up with 
”departure from a narrow, sectoral approach to the creation of a strategic framework, in 
favour of an integration of areas and note being taken of processes by which phenomena 
and issues are interlinked, with synergies sought in the search for the most effective and 
suitable tools leading to the achievement of common goals”, as well as an emphasis on 
the role of spatial planning as an instrument of a modern policy to protect the natural en-
vironment1. Thus, while the strategy does not include areas of intervention devoted solely 
to forests, forest management is encompassed by activity aimed at:

 – the more effective utilisation of natural resources, 
 – pursuit of the monitoring and protection of biodiversity, and counteraction of the 

fragmentation of ecosystems,
 – the establishment of instruments for the funding of biological diversity (including 

enhanced environmental awareness among members of the public),

1 Polska 2030  – trzecia fala nowoczesności. Długookresowa strategia rozwoju kraju (”Poland 2030 – the third wave 
of modernity. A long-term strategy for the development of the country”) Chancellery of the Prime Minister of the 
Republic of Poland, Warsaw 2013, p. 12.
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 – the devising and implementation of a strategic plan for adaptation to climate change,
 – the introduction of public-policy instruments integrating the activity in different 

sectors (water management, agriculture, forestry, transport, health, construction, spatial 
planning and physical development, the maritime economy, tourism and energy) with a 
view to climate protection being enhanced.

The medium-term strategy for the development of Poland leaves at a similar level of 
detail the pursuit of goals associated with forest management, not singling out this sphere 
of activity in any particular way. Only with one of the nine sectoral strategies designed 
to flesh out details on interventions outlined in general terms in the national development 
strategy (i.e. the one on “Energy Security and the Environment”) is a separate direction to 
intervention assigned to forestry. This is all the more important, given the way in which 
the legislator has resigned from drawing up the programme document directed solely at 
the environment which was Polityka ekologiczna państwa (the State Environmental Pol-
icy). At present it is these particular long- and medium-term strategies for the country’s 
development that determine the main thrusts nationwide, across all sectors, while the 
“Energy Security and the Environment” Strategy is the most detailed programme docu-
ment relating to the whole area of environmental protection and management.

The first of the main objectives set out in the said ”Energy Security and the Environ-
ment” Strategy is ”sustainable management of the resources of the environment”. One of 
the distinguished directions to intervention within this objective is ”preservation of the 
wealth of biological diversity, including multifunctional forest management”. In turn, 
activity as regards forest management in the literal sense entails:

 – adaptation of stand species composition to the habitat, and an increase in the genetic 
and species-level diversity of forest biocoenoses,

 – development of the functions of forest gene banks,
 – the devising and introduction of tools allowing for the valuation of non-produc-

tion-related services associated with forest management,
 – rational wildlife management in the name of environmental protection and the de-

velopment of agriculture and fisheries,
 – a taking into account of climate-change aspects in the National Forest Programme and 

other programme documents associated with the conservation of nature (or biodiversity).2
It is hard to undermine the sense behind these actions, even if one might question com-

pleteness, or the choice of priorities. However, it needs to be recalled that some fall within 
categories  connected with biodiversity conservation – as for example with ”the augmenta-
tion and updating of natural inventorying in order to establish a comprehensive database for 
the whole of Poland, and to devise and introduce principles by which to update and dissem-
inate data”. On the other hand, it is worth considering what is missing from the document, 
but could arise from its specifics and the rather short time horizon for elaboration. 

What above all awaits forestry and forest management in the near future is a defining 
of exactly what is meant by multifunctional forest management. But this is not to say that 
a scientific dissertation describing and analysing the different functions and their inter-
relations is either what is involved – or what is desirable – here. Rather, the process by 

2 The Strategy entitled Bezpieczeństwo energetyczne i środowisko. Perspektywa do 2020 r. (”Energy Security and the 
Environment. Prospects up to 2020”), Warsaw, 2014. Monitor Polski, item 469 of 2014, p. 73.
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which multifunctional forest management is defined must be one that is the culmination 
of public debate and social discourse first setting the terms for what is the equilibrium or 
balance between the different functions forests serve. And these functions are of course 
in some measure competing with one another – for the resource that is the forest, and for 
the space that that forest grows on. In the medium and long terms it will not be possible to 
both increase the output from forest and meet growing public demands, as well as encour-
aging the environmental functions so vital, but also so vulnerable, in the era of advancing 
climate change. Yet the establishment of degrees to which economic functions arising out 
of forest management are being met also of necessity denotes a coming to terms with the 
idea that sectors of the economy associated directly or indirectly with the raw material 
that wood represents (which is to say branches that have been developing dynamically in 
Poland in recent years) will at some point be confronted by limits to growth, assuming 
they base themselves solely around Polish timber resources. Likewise, any further em-
phasising of the economic functions of forest will need to link up with reduced possibili-
ties for forest to be put to social or even protective uses. And yet the latter area forces us 
to bear in mind Poland’s obligations arising out of international or EU law. 

Thus the defining of what multifunctional forest management is for us must take place 
through a public discourse that takes account of the social, economic and environmental 
importance of whatever choice is made, and all the more so given that forests in Poland are 
80% publicly owned. We manage them, because they were conferred upon us by society. 
But that does not mean an absence of further decisionmaking rights where there are key 
decisions to be made. Quite the contrary in fact, since to this day we are managing forests, 
not for our own benefit or pleasure, but for society in general. Furthermore, foresters are 
also in need of those external decisions in order that they can feel they are working in line 
with a popular mandate. Hence, open debate is not something to be feared, even though it is 
clear and obvious that foresters have greater knowledge on forest – and know it better – than 
anyone else, meaning that they do have a key role to play in any debate. First and foremost, 
it is – at the outset – down to foresters to supply the public with as much information as is 
necessary where the importance and functioning of forest is concerned, as well as the threats 
faced, and the likely consequences if the consideration of multifunctionality heads in the 
direction of one given configuration of functions, or else another.  

The pursuit of any proper debate is dependent on participants being adequately in-
formed; and here there remains a great deal to do. This is true, not only of what has 
traditionally been regarded as nature and forest education (activity in relation to which 
will need to be continued with and even intensified), but also of the less well-known issue 
– also in need of organising – that is the evaluation of non-productive forest functions (as 
part of the wider subject of the evaluation and valuation of ecosystem services). There is 
thus a need for the devising of tools that would help us to depict and present the benefits 
arising out of forest (other than wood production) in terms of tangible economic values. 
Attempts at this have been made in scientific circles for years, but much still needs to be 
done if there is ever to be a ready tool available for use in regular economic analyses.

It is also essential that there be a continuation of research, and in general a broadening 
of our knowledge, on the influence of climate change on forest management, as well as 
the importance of forests when it comes to absorbing and sequestering greenhouse gases, 
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and facilitating adaptation to a different climate. Knowledge in this sphere is obviously of 
huge significance – to the extent that it is hard to overstate how valuable it may be. The in-
fluence of climate change on the forest-forming species has a major impact on productive 
capacity, and the scope and dimensions to the harmful effects of abiotic or biotic factors 
that changes may give rise to. Of no lesser importance from this point of view is the role 
of research on the significance forest ecosystems may have in ensuring the persistence of 
optimally large resources of biodiversity. 

Also in need of research and development as regards instrumentation is the area of the 
absorption of greenhouse gases. In the future, this could become part of the international 
system by which emissions are calculated, and sources and sinks assessed. Even irrespec-
tive of that, the tools in question would say something about the importance of forests in 
limiting, easing or arresting climate change. 

Other major fields in need of study, but also a development of economic potential, are 
those associated with the management of wood and timber and the productive functions 
of forest. The significance of these may rise in connection with a clearer decision regard-
ing the meaning of multifunctional forest management. It would therefore seem to be im-
perative that the potential as regards raw material be recognised, along with its economic 
importance; and that the methods or level of exploitation not distorting remaining forest 
functions should be determined. 

The model of financing is also an important element. In the present system, forest 
management is self-financing, generating profit from the activity engaged in. But it needs 
to be recalled that the ongoing situation of the forest economy in Poland is the product, 
not only of demand for wood as a raw material and the pricing achievable, but also the 
configuration of remaining non-economic functions. Should there be a change in demand 
for the said raw material in the future a lack of reflection regarding the model of financing 
plus a shift in the relative importances of the different functions may lead to an imbal-
ance in the economic bases upon which forest management is pursued. For it cannot be 
forgotten that forest as a raw-materials base can be and is a source of income, but silvicul-
ture and forest management also require outlays, with the time over which these outlays 
are incurred being exceptionally long in relation to the time at which benefit is finally 
drawn from the investment. There is thus a need to build analytical tools allowing for 
the forecasting and modelling of changes in the economic conditions underpinning forest 
management, in line with economic conditioning, but also public expectations and envi-
ronmental conditions. The consequence of this should be a chance of answering questions 
regarding the self-financing of the forest economy under different configurations of func-
tions served, as well as the building of model for the dividing-up of responsibility where 
the funding of forest management is concerned, in the event of the kind of choice for the 
distribution of functions that fails to ensure a return from the activity engaged in.

An element to forest management that must not be forgotten – even though it still seems 
beyond the ”main current” – is the private forest. There is again a need for this sector to be 
strengthened, with a view to it being consolidated (not necessarily in the sense of ownership 
limitations, but rather as regards management restrictions), with a consequent economic 
rationalisation of activity that will simultaneously raise standards when it comes to the en-
vironmental and social functions forests serve. It is obviously against this background that 
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questions need to be asked regarding the costs of these functions being achieved, and – in 
association with that – the breakdown of the financial burdens and the role of the state as 
regulator on the one hand and potential facilitator of change on the other.

The situation in which the entity engaging in management is in public hands offers 
far greater possibilities for functions of forest other than the purely productive to be 
discharged. There would therefore seem to be no rational alternative whatever to the 
present ownership model (i.e. retention in public hands) – where the management of 
Treasury-owned forests is concerned. However, irrespective of that, there is a need to 
improve the State Forests management model, and this is true of both the relevant legal 
regulations (currently acting as major ballast in respect of the efficient management of 
the organism that the State Forests represents), and adaptation in the non-legal sense, 
not least as regards the distribution of obligations and responsibilities between different 
layers in the governance hierarchy. The incorporation of society as a whole into the forest 
management process would also seem to be a major area in need of analysis, and a search 
for solutions in the face of the growing public expectations already alluded to. 

All of the areas mentioned (though certainly not only these areas) are in need of im-
plementation work, if the discussion concerning the definition of multifunctional forest 
management is to be pursued. And this in conditions in which the participants in the 
debate are to feel informed as regards the bases, consequences and significance of their 
choices. For there is no one multifunctional forest management, no ideal, target, model. 
All there is is one that best meets social demand, albeit also not understood from the point 
of view of today’s needs, or at least not solely in line with that perspective.

There is no doubt that the process of discussing the National Forest Programme will 
represent an element by which a foundation for public discussion of the role of the forest 
is developed, along with a vision for forestry within the wider context of the Polish econ-
omy. And just as that discussion is very much required, so is a document that – almost two 
decades on from the National Policy on Forests – would serve as a bringing-together of 
challenges, but also a genuine signposting as to where the forest economy will be heading 
in the decades to come.
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RESEARCH IN THE DEVELOPMENT STRATEGY  
OF THE STATE FORESTS 

Adam WASIAK 

Director General of the State Forests, Poland

The State Forests National Forest Holding operates pursuant to the Act on Forests of 
28 September 1991 (the Dziennik Ustaw Official Journal of Laws of 2011, No. 12, Item 
59), which regulates its status and organisation. Enumerating the tasks of the Director 
General, it obliges him to initiate, support and finance research as regards forestry, and 
to supervise the utilisation of the results of such research (Article 33(3)(6)), while at the 
same time allowing for the allocation of resources from the Forestry Fund to scientific 
research (Article 58(2)(2)). 

The obligation that the results of research are to be utilised offer a clear indication that 
the State Forests should be particularly interested in applied research, so as to ensure that 
knowledge accumulating thanks to the forest sciences gives rise to better organisation, 
planning and forecasting of measures relating to forest management. The best example 
of such measures includes the stand resource and increment table and all the types of 
principles, instructions and guidelines ensuring the ever-more-effective pursuit of forest 
management, in terms of both the level of the objectives attained and the cost-effective-
ness of the means and resources expended.

Forest sciences address all the phenomena and processes which make up forestry. It is 
their differentiation, in both financial and functional terms, that has led to the formation of 
different disciplines within the forest sciences. The emergence of new disciplines has inter 
alia been reflected in the names of different departments within the Forestry Faculties at 
universities, as well as the scientific departments at forest research institutes. Each of the 
disciplines focuses its attention on different problems, which become increasingly well-
known and understood as knowledge advances, and uses different conceptual categories to 
determine the nature of the object examined. Over the years, as a result of the search for new 
solutions, a number of separate disciplines have emerged in the forest sciences, starting with 
genetics, through silviculture, forest protection and forest utilisation as broadly conceived, 
and ending with the organisation and management of the forest holding. 

Due to the multi-functionality of forest ecosystems, the achievements of the forest 
sciences not only do or may affect the forest holding directly, but can also influence the 
economic development of the country, spatial development plans, the landscape and cli-
mate, agricultural production, biodiversity conservation and the water regime, as well as 
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the enhancing ecological equilibrium and resilience in particular regions of the country, 
especially those that have undergone far-reaching industrialisation and urbanisation.

We usually apply a narrower concept of the role of science in the development of for-
ests and forestry to forest sciences only, and even more often to the current scope of inter-
est of forest research centres. As a matter of fact, there is a much wider area of knowledge 
and competences. The role of the forest sciences should be to look for ways of using all 
the achievements of all the sciences to protect and shape forest ecosystems, in line with 
contemporary and future needs, and the results of science domestically and globally.

It turns out that the discovery and design of new theories of forestry, particularly for 
the purposes of multi-functional, sustained and sustainable forest management, repre-
sents a difficult task, if still a very topical one. 

Poland’s National Policy on Forests (1997) provides that interdisciplinary research 
needs to be intensified, given the growing danger posed to forests, as well as the growing 
significance of their diverse functions. The development of a long-term strategy for re-
search is called for, with this intended to serve forestry, as well as work on methods by 
which the stability of forests and continuity of their functions can be preserved. 

Included here, in particular, are: 
 – studies on how forest space nationally is occupied and structured,
 – work related to the dynamics and balancing of forest ecosystems, as well as the 

protection and utilisation of the potential that forest biodiversity affords, 
 – cognitive and implementation work on forest ecological engineering and safe tech-

niques and technologies in forestry work, 
 – studies on new forest models and efforts to achieve multifaceted utility of forests 

from the point of view of both the national economy and public life,
 – studies to improve monitoring of forests, and to forecast changes and threats posed.

The results of research relevant to the sustainable development of a multi-functional 
forest holding are used to shape sustainable forestry that would duly meet the needs of 
present and future generations where the productive, protective and social services ren-
dered by forests are concerned.

The major aim of the research carried out for the State Forests is to explore the mech-
anisms by which forest ecosystems function, as well as the factors exerting an adverse 
impact on the state of forest resources; as well as subsequently to develop methods for 
sound forest management, which would, inter alia, eliminate or limit phenomena capable 
of having an adverse effect on that management. This other part of the research always 
ends with the preparation of relevant recommendations for economic practice (principles, 
instructions, guidance, etc.).

Work undertaken as regards management of the forest area has allowed for habitat-re-
lated reconnaissance of different categories of “wasteland” of the particular categories, 
with indications given regarding methods of improving conditions for tree growth, iden-
tifying the most suitable soil-cultivation and land-amelioration measures, and selecting 
appropriate tree species.

At the initiative of the State Forests, foundations were laid for the protection of forests 
and their resources, while forecasting methods were elaborated, assessments and fore-
casts of the occurrence of pests prepared, methods tested and new means and techniques 
of forest protection implemented.  
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Having been commissioned to do so by the State Forests, scientific units provide a 
continuous substantive service as regards appropriate courses of action to combat insect 
pests, with methods of population control improved, and the place of chemical prepara-
tions often taken by pheromones or biological insecticides. In the context of forest pro-
tection, annual assessments and short-term forecasts of the occurrence of insect pests and 
parasitic fungi are prepared and analyses carried out regularly to determine the damage 
being caused by forest animals, as well as by the operations of the industry itself. This 
work is a valuable source of information on the threats posed to forests by damaging 
factors, and it both facilitates the development of protection strategies by State Forests or-
ganisational units, and makes possible the more rapid visual identification of perpetrators 
of damage, with a view to quick decisions regarding further actions being made. 

The forest research work on plant protection agents makes it easier for the State 
Forests to make selections of appropriate substances whose use in forestry is permitted. 
The research on mass outbreaks of folivorous insects and their breeding sites likewise 
allows for improved forecasting and for necessary silvicultural and protective measures 
in particularly vulnerable areas. A search for new methods to control folivorous insect 
pests capable of participating in large-scale outbreaks is of major significance at a time 
when the use of chemical plant protection agents is limited. An example here might 
be preparations based around entomopathogenic nematodes, which have proved their 
effectiveness in combating beetle grubs in plantations. The method of deploying the 
nematodes developed in the course of forest research is an important element in the 
integrated control of pest beetles.

The results of research on fire protection are also utilised in practice, contributing 
to improvements in the forest fire protection system, and enhancing the effectiveness of  
solutions applied, including the modification of belts along public roads to reduce outlays 
on fire protection incurred by the State Forests. The new method of classifying forest ar-
eas in terms of their fire risk was implemented into Polish law through an amendment to 
Annex 1 to the Regulation of the Minister of the Environment on the detailed principles 
of forest fire protection. This provided for a categorisation on the basis of uniform criteria 
applied at the different levels of Poland’s administrative division. The categorisation in 
question also made it possible for the State Forests to seek to have forest fire protection 
measures co-financed from EU funds. 

The appropriate utilisation in forestry practice of the results of forest research carried 
out at research centres has been making a substantial contribution to improved forest 
stands health and resilience, enhanced ecosystem stability and sustainability, and the more 
effective preservation of forest biodiversity. A modern classification of forest habitats 
elaborated as part of the research is also of fundamental importance to the success of 
economic activities in forestry, while also contributing to the protection of valuable 
habitats. Research on seed selection and production, combined with elements of forest 
genetics and genetic engineering, has for example led to the development of seed-stand 
selection principles, as well as principles underpinning the classification of seeds and 
cones, as well as sectoral standards. Relevant research also made it possible to elaborate 
an action programme for the Gene Bank in Poland. Studies relating to water management 
and the effect of forests on water resources have entailed determinations of trees’ need 
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for water, as well as the capacity of forest stands to retain it. Research within the nature 
conservation framework in turn ensures monitoring of the country’s natural wealth and a 
determination of the effects forest management exerts on the size of forest resources. There 
is then further elaboration of methods to protect existing resources, with simultaneous 
pursuit of forest management. Work has also offered a scientific basis for the restitution 
and reintroduction of endangered forest species.

Work of major importance in forestry practice  carried out by research centres also in-
cludes forest monitoring by reference to a network of permanent monitoring plots (PMPs/
SPO), as well as that relating to forest management planning and carbon dioxide seques-
tration. Indicators as regards CO2 and its net absorption have been and will be calculated 
for forests as part of the work on CO2 emissions  and the potential of forests to sequester 
carbon for the purposes of reporting under the Kyoto Protocol and in relation to emissions 
trading, by KASHUE-KOBIZE. As part of the construction of a databank on forests, the 
State Forests has established a system by which the CO2 balance from the forestry sector 
may be reported on, while the results of research carried out are also used in practice in 
recalculation algorithms.

The long-term experiences of the State Forests in financing, promoting and utilising 
scientific research were analysed in detail by a team the Director General appointed to 
develop the strategy for the State Forests. The team believes strategy implementation 
may in fact be held back by insufficient adaptation of the outcomes of scientific research 
to the practical problems faced by the State Forests. Indeed the organisation’s strategy 
addresses the key issues determine the pace at which, directions in which, and methods 
by which it is developing. A strategy sets out the objectives, which are prioritised hier-
archically as strategic, tactical or operational. An objective obviously denotes a future 
state of a given thing whose achievement over a specified time frame is sought. It arises 
in line with internal and external need, but also represents a more precise specification 
and definition thereof. However, now, as in the past, and also in the future, the overriding 
challenge for Polish forestry is that access to all possible functions of forests be assured, 
while sustainability of ecosystems and resources is at the same time maintained. It is the 
essence of sustainable development, and hence the objective of future State Forests poli-
cy, that conditions be put in place to ensure that both present and future generations have 
their needs met. This objective is a feasible one, providing that management is genuinely 
based on multifaceted reconnaissance  in the forest environment and its resources, as well 
as the directions to ongoing changes that affect them, on support for the processes of the 
self-regulation and stabilisation of forest ecosystems, and on the seamless integration of 
production targets with nature conservation priorities.

As societies are constantly subject to both structural transformations and far-reaching 
changes of mentality, a steady revaluation of social, existential and emotional is taking 
place. As society becomes more affluent, it is the non-production functions of forest that 
gain in importance, necessitating the accurate and ongoing forecasting of the sustainable 
balance between expected economic growth and the growing needs of society as regards 
conservation. Sustainability of forests in changing conditions of the natural environment 
should be attained by considering natural patterns shaped in forest management in the 
past, as well as by monitoring and seeking to take advantage of present-day natural pro-
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cesses. As a vision for forests is shaped, consideration also needs to be given to trends in 
Poland’s socio-economic development that will affect both environmental conditions and 
public expectations where forests and forest management are concerned. Different groups 
in society indeed have different expectations as regards forests and forest functions at any 
given time, but beyond that there is anticipated change in the case of each, as awareness 
grows and living standards improve. Hence, the future is only likely to further complicate 
what is already a very difficult task for the State Forests, when it comes to reconciling 
diverse public expectations, while also complying with the overriding principles that for-
ests be both protected now and guaranteed of ongoing existence, with all functions char-
acterised by both continuity and sustainability. Achievement of objectives set will entail 
compliance with no fewer than 6 criteria, i.e. that:

1) forest resources and the part they play in the global carbon cycle be augmented steadily;
2) the health and viability of forest ecosystems be preserved,
3) the production function of forests be subject to ongoing development,
4) the biodiversity in forest ecosystems be preserved, protected and enhanced,
5) the protective functions of forests be preserved and enhanced, with forest soil and 

water resources also safeguarded in practice,
6) the socio-economic functions of forests be maintained and strengthened.
Future forest management will therefore need to be based on sound methods, as 

worked out in the past, but also open to innovation, given the far-reaching and wide-rang-
ing knowledge amassing as regards both nature and forestry. The economic and social 
circumstances will also need to be respected in the process. An approach of this kind, 
which is at the same time free of short-term fashions or ideologies, will provide for the 
implementation of sustained and sustainable multi-functional forest management. And, 
as part of that strategic objective of ensuring sustainability, the utilisation of research 
results and the inclusion of consequent innovations into management methods and tech-
nologies are both stressed in the strategy adopted by the State Forests. At the same time, 
further augmentation of forest resources in the longer term requires that the innovations 
referred to continue to be sought out, within the framework of scientific research already 
underway, and thanks to the effective implementation of research results. In pursuing that 
objective, the State Forests intends:

 – to commission useful and practical research from scientific centres, which will be 
financed and supported as necessary,

 –  to ensure that useful results of scientific work are implemented effectively,
 –  to seek innovative (domestic and foreign) forest-management and technological 

solutions and ensure their effective transfer into different areas of State Forests activity,
 –  to carry out experiments and test solutions, and to share the knowledge they gener-

ate throughout the organisation,
 –  to make use of Promotional Forest Complexes (PFCs/LKP) in the development and 

promotion of new forest technologies.  
A measure of success for this objective will be the number of innovations implement-

ed into forest management by the State Forests National Forest Holding. 
The priorities of the State Forests strategy as regards sustainable forest management 

revolve around ensured sustainability of forests, public access, and a significant contri-
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bution made by forests to the development of the Polish economy (in the 2013 Strategy). 
In further seeking to achieve these objectives, the State Forests is emphasising research 
of relevance:

1) to ensure the sustainability of forests:
 – with resources augmented, while stability and biodiversity are preserved,
 – with protection against stressors maximised,
 – with further nature-conservation measures launched,
 – with methodological and technological innovations implemented in forest management,
 – with international policymaking on forests contributed to, and management technolo-

gies transferred between states in Central and Eastern Europe,
2) to ensure public access to forests:

 – with use made of the potential forests (especially in PFCs/LKP) can offer, where 
the shaping of society’s ecological awareness is concerned,

 – with activities of the State Forests National Forest Holding promoted to the public, 
and the benefits arising from access to forest resources communicated and propagated,

 – with infrastructure developed to ensure wide-ranging and safe public use,
 – with cooperation developed vis-à-vis social partners,

3) to forests playing their full part in the development of the economy:
 – with the productive capacity of forests used to increase the timber supply,
 – with timber harvesting carried out efficiently and in an environmentally safe manner. 
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Background

Since their conception more than two decades ago, national forest programmes (NFP) 
have become widespread forest policy frameworks internationally. The concept of 
national forest programmes originates from the tropical forest action plans (TFAPs), 
which had been developed in the 1980s in response to increasing deforestation in the 
tropics. Following the United Nations Conference on Environment and Development 
(UNCED) held in Rio in 1992, the NFP concept was introduced internationally in the mid-
1990s in the deliberations by the Intergovernmental Panel on Forests (IPF), a temporary 
sub-group of the UN Commission on Sustainable Development. The IPF “recognized the 
importance of comprehensive forest policy frameworks or ‘national forest programmes’ 
for the achievement of sustainable forest management”. It understood NFP to be a generic 
term for a wide range of approaches to sustainable forest management within different 
countries, to be applied at national and subnational levels based on the basic principles 
(IPF 1997). The IPF encouraged countries to develop, implement, monitor and evaluate 
national forest programmes as a comprehensive forest policy framework for enhancing 
and further achieving sustainable forest management (SFM). 

The global forest dialogue emphasized the character of NFPs as a process and under-
lained the importance of considering, in the NFP context, policy consistency across multiple 
levels, the introduction of partnership and participatory mechanisms, respect for customary 
and traditional rights and the securing of land tenure arrangements. NFPs are also aimed 
at following a holistic, inter-sectoral and iterative approach as well as to be developed in 
accordance with the ecosystem approach. Finally an adequate provision and valuation of 
forest goods and services is also considered necessary. The IPF also stressed the need to 
develop and apply criteria for effectiveness and adequacy of forest programmes and encour-
aged countries to monitor and evaluate their implementation and progress.
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The importance of NFPs for ensuring sustainable forest management was later also 
recognized by the Intergovernmental Forum on Forests (IFF), which succeeded the IPF 
and met between 1997–2000, and the United Nations Forum on Forests (UNFF), estab-
lished in 2000. In 2007, the UN General Assembly Resolution on a “non-legally binding 
instrument on all types of forests” (NLBI) specified that, to achieve the purpose of the 
instrument, Member States should: “develop, implement, publish and, as necessary, up-
date national forest programmes or other strategies for sustainable forest management 
which identify actions needed and contain measures, policies or specific goals” (UNFF 
2007). The NLBI forms part of the so called “International Arrangement on Forests” the 
effectiveness of which is currently being scrutinised by the UNFF member states. 

In a European context, the concept of national forest programmes was further developed 
and politically endorsed in the framework of the Ministerial Conference on the Protection 
of Forests in Europe (MCPFE, today “Forest Europe”). Ministers responsible for forests 
in Europe adopted Vienna Resolution 1 “Strengthening Synergies for Sustainable Forest 
Management in Europe Through Cross-Sectoral Co-operation and National Forest 
Programmes” at the Fourth Ministerial Conference held in Vienna in April 2003. Therein 
they committed themselves explicitly to the development and implementation of national 
forest programmes, applying, as far as possible, the MCPFE Approach to National Forest 
Programmes in Europe. Progress in developing and implementing NFPs according to 
this pan-European approach was reported on the occasion of subsequent ministerial 
conferences. Chapters on NFPs were included in the respective reports on the State of 
Europe’s Forests published in 2007, 2011 and on the implementation of Forest Europe 
resolutions, published in 2007 and 2011. For the next ministerial conferences (to be held 
in October 2015 in Madrid) similar reports are in preparation. 

Initially especially countries in the European Union showed their keenness in develop-
ing NFPs as the former rural development regulation (1257/1999) asked beneficiaries 
to present a NFP or an equivalent programme/plan in order to access related forest(ry) 
funding. While not all EU countries have ever since started such a process, a number of 
countries have taken this as an initial starting point. During the last 10 years some have 
revised their programmes and/or are continuously working on improving their content 
further (e.g. Finland, Austria).

Since NFPs are among the most important policy tools of the Forest Europe process 
(see for example Pülzl and Mayer 2015) the political process does not only monitor 
its application, but is also interested in its applicability. In this context in December 
2014, a report (Further Development of Sustainable Forest Management and Its Tools) 
was published by a Forest Europe Expert Group in charge of proposing improvements 
in tools for SFM. This Expert Group noted therein explicitly that the pan-European 
principles for national forest programmes adopted in Vienna are valuable, but it also 
proposed to take stock of how the NFPs were taken up by European countries and what 
the lessons learned are so that the Forest Europe approach could be refined for a more 
practical use. Very recently it was also suggested to include in the documents of the 7th 
Forest Europe Ministerial Conference in October 2015 a commitment to use national 
forest programmes as a mechanism for enhancing the social aspects of sustainable 
forest management. 
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Back in the beginning of the year 2000 the deliberations on Vienna 1 Resolution and the 
MCPFE Approach to National Forest Programmes in Europe which forms part of that reso-
lution were also informed by the pan-European research collaboration COST E19 “Forests 
for the Future: National Forest Programmes in Europe”. This COST Action gathered more 
than 70 researchers and civil servants from 20 European countries and the USA. It aimed to 
provide policymakers in Europe with improved means for the formulation and implemen-
tation of National Forest Programmes (NFPs) for ensuring sustainable forest management 
(Glück et al. 1999, Humphreys 2004). The research output was considerably large as an 
extensive number of researchers were engaged in this COST Action and policymakers that 
were interested in starting such a NFP process nationally were also interested in following its 
publications. Since then, however, NFPs have not been the focus of any other Europe-wide 
research initiatives. A new COST Action entitled “Capacity Building in Forest Policy and 
Governance in Western Balkan Region – CAPABAL” made national forest programmes 
the subject of its first training school held in February 2015 in Belgrade, Serbia. CAPABAL 
aims to create a regional collaborative network of experienced and future leaders in science, 
policy and management, well connected to European and international networks (COST 
2015). In the wake of COST Action E19 a number of important publications have been pub-
lished (e.g. Glück and Humphreys 2002, Pülzl and Rametsteiner 2002, Schanz 2002, Glück 
and Voitleitner 2004, Howlett and Rayner 2006, Howlett et al. 2009a, Howlett et al. 2009b, 
Winkel and Sotirov 2011 etc.). The scholarly interest in this topic however, seems to have 
come to a rest, while some countries like Sweden or countries in south-east of Europe have 
only recently showed an increased interest in starting such a political process.

What is a national forest programme?

There is no firm and commonly accepted definition of national forest programmes. Rather, 
NFPs constitute a generic concept which can be applied to a wide range of approaches within 
different countries that can contribute to the formulation, planning and implementation of 
forest policy at national and subnational levels. It can be applied to all countries and to all 
types of forests (FAO 2013). NFPs should not be understood as a process of government 
planning only. Rather, they are intended to cover the whole cycle of forest policy planning, 
implementation, monitoring and evaluation (FAO 2006). Yet, NFPs typically involve the 
creation of a planning document with an average validity of five to ten years as well as 
the broad inclusion of stakeholder groups.

Regardless of the specific approach adopted by individual countries, an international con-
sensus has emerged - as reflected by international commitments such as the IPF proposals 
for action and the Vienna Resolution 1 and supported by scientific publications – around key 
characteristics or principles for conducting a national forest programme process. Central ideas 
addressed are the inclusion of private and non-state actors, the involvement of sectors outside 
forests, iterative and adaptive planning processes as well as monitoring its implementation 
procedure (Glück and Humphreys 2002). Furthermore, decentralisation and multi-level co-
ordination constitute essential pillars of national forest programmes. Mechanisms for par-
ticipatory deliberation, conflict resolution and policy learning are also important aspects to 
achieve in such processes (Howlett and Rayner 2006). The aim of those NFP processes is not 
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only the broadening and opening up of the forest-related decision-making procedures to ad-
ditional participants, but NFPs are also said to be tools to potentially increase the consistency 
between national and international policies. Since those tools have initially been formulated to 
enhance the implementation of global forest decisions, those could potentially bridge gaps in 
implementation (Glück 1999, Glück and Voitleitner 2004). Furthermore, NFPs aim to provide 
an overall governance framework under which different forest-related initiatives can operate 
and contribute towards the implementation of SFM at national and/or sub-national levels. Not 
only central decision-makers are asked to participate therein, but local and regional actors 
form part. Therefore, NFPs should be integrated consistently into wider land use programmes 
or strategies, such as those related to agriculture, energy or the upcoming bio-economy. 

Since national forest programmes had been conceptualised, internationally related 
guidelines have been developed at international and national levels. The FAO National 
Forest Programme Facility, the Programme on Forests (PROFOR), and various national 
donor and funding agencies (e.g. Finland, Japan, Switzerland, Germany) have supported the 
implementation of activities related to developing an NFP nationally (Arts et al., forthcoming). 
Nevertheless, scientific evidence suggests that the formation of substantive national forest 
programmes depends predominantly on domestic factors rather than regional and international 
bodies (Howlett and Rayner 2006) and is influenced by a number of supporting and impeding 
factors in the external policy environment. Consequently, various types of national forest 
programmes existing in the different countries are characterized by different mechanisms for 
participation, conflict resolution but as well for coordination and policy learning (see Table).

Table. Supporting and impeding factors 

Supporting and 
impeding factors

Directly affects forest use May indirectly affect forest use

Land tenure Land tenure patterns in 
forests.

Land tenure in areas surrounding forests e.g. the 
agriculture-forestry interface, urban areas.

Legal regulations Legal regulations designed 
exclusively or principally for 
forests.

Legal regulations on national sustainable 
development policy and agriculture. Other legal 
arrangements that may affect forest use.

Financial 
incentives

Grants and tax breaks 
directed at forest owners and 
users.

The broader national tax/revenue structure. The 
national budget and financial plans.

Political culture The culture of national and 
regional forest authorities.

The national political culture.

Institutional 
aspects

Institutions with an exclusive 
or predominantly forest 
mandate.

Institutions with other mandates, including (i) 
those that include an indirect forest-related 
mandate, and (ii) those with no forest-related 
mandate but which may affect forest use. 

Adapted from “Forests for the future, national forest programmes in Europe.” Edited by D. Humphreys 2004, 
Country and regional reports from COST Action E19, p. 21. COST Office, 2004. 
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Within this diversity of contexts and mechanisms, some commonalities can be ob-
served across countries regarding the rules of NFPs: in most countries the NFP process 
is headed by national ministries responsible for forests. In some developing countries, 
consultants and international organisations such as FAO or the World Bank assist in the 
development of the strategic document. Some NFP processes are moderated by external 
moderators (e.g. Austria), or the task of moderating the NFP process or parts of it has 
been entrusted to scientific institutions (e.g. Poland). In some cases, NFP processes make 
use of futuring techniques such as scenario development planning (e.g. Finland, Austria). 
(Arts et al., forthcoming).

Why national forest programmes?

National forest programmes are in theory based on the main characteristics of mod-
ern policy planning. They are intended to contribute to enhancing the rationality of 
policies, ensuring long-term orientation, and improving the coordination of political 
actors (COST 2004). National forest programmes can therefore be described as a set of 
procedural policy instruments that address problems raised by the transition from more 
production-focused forestry towards sustainable forest management capturing multiple 
economic, social and ecological values of forests. These problems include the coordi-
nation of a much more numerous and heterogeneous set of actors than in the past and 
the coordination of forest policy with a whole range of newly-related policies such as 
climate change, biodiversity conservation or the emerging bio-economy. 

An increasingly comprehensive set of international goals and priorities has 
emerged to steer forest use and conservation, accompanied by institutions, policies 
and mechanisms ever since. However, many of the most serious forest challenges 
are cross-sectoral and require significant engagement with other sectors and interests 
(Rayner 2012). Compared to planning instruments from the 1970s and 1980s NFPs 
can be considered a success, as less hierarchical but more heterarchical governance 
modes (Pülzl and Rametsteiner 2002) are employed. Therefore NFPs in theory present 
ideal tools for engaging across sectors. However, it is important to recognize that other 
sectors often have similar tools in place with their respective sectorial interests at the 
centre. It takes considerable commitment to engage in other sector’s processes, which 
requires time and resources. Recent research on other integrated strategies (Casado-
Asensio and Steurer 2014) concludes that despite their novel governance approaches 
those integrated approaches generally fail to coordinate policies. Therefore the authors 
suggest strengthening their communication abilities in terms of providing direction and 
awareness raising. 

Against this background, national forest programmes can provide a governance frame-
work or umbrella under which different initiatives can operate and contribute towards 
SFM. The ability of an NFP to enhance the coordination of national forest policies and the 
implementation of international forest goals and targets depends on the country context 
and political will.
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Status and experiences to date

According to the Food and Agriculture Organisation (FAO), NFP processes are underway 
in more than 130 countries, covering the whole forest area in Europe and Asia and the 
majority of forests in Africa, Oceania and Latin America (FAO 2013). According to the 
State of the World’s Forests published in 2014, 37 countries have amended their national 
forest programmes or policies since 2007, focusing on sustainable forest management 
and socio-economic development (FAO 2014).

Within the pan-European region, progress in developing and implementing NFPs has pe-
riodically been reported in the framework of Forest Europe. In the State of Europe’s Forests 
2011 report, all 37 reporting countries indicated that they have a NFP or a similar process in 
place, with 27 of these countries stating that these were formal NFPs or processes guided ex-
plicitly by NFP principles. About half of these countries reported that their main forest policy 
documents had been developed in formal NFP processes (Forest Europe 2011). 

At the same time, the NFP concept– as defined in the IPF – is rather open and broad, 
leaving considerable room for interpretation (Savenije 2000). A country may declare a for-
mal NFP process, but this process may be purely symbolic in terms of these core charac-
teristics (e.g. regarding symbolic participation). Similarly, a country with no formal NFP 
process may, analytically and conceptually, have a substantive NFP process (COST 2004). 

In the year 2010, the FAO and the National Forest Programme Facility surveyed 
countries in order to better understand how national forest programmes work in prac-
tice. Based on this survey, most countries have established structures and achieved 
results through their NFPs. The main results of the survey have been summarized by 
FAO (2012) as follows:
1.  Lack of encompassing governance framework for forest-related activities.

Most countries have structures in place, personnel assigned and achieved results 
through their NFPs. Yet, few NFPs have been able to coordinate all forest-related 
initiatives (e.g. forest law enforcement, climate change etc.) at the national level as 
originally intended. 

2.  Between effective policy development and lacking implementation and monitoring.
NFPs have been instrumental in developing or revising forest policies and action plans, 
and a majority of existing statements and documents have been updated since 2000. How-
ever, a key shortcoming of many NFPs is a lack of policy implementation, with the result 
that they have had low impact in the field and so far generated few tangible benefits. 

3.  Struggle over leadership and authority.
In the international forest policy dialogue, countries have identified national sover-
eignty and country leadership as a key principle of NFPs. Yet, the institutions that 
head NFPs frequently struggle with issues of leadership and often lack the power and 
capacity to coordinate, communicate, negotiate, mediate and manage change across 
sectors. In many countries, the low priority afforded to the forest sector means that 
insufficient resources are allocated for the implementation of NFPs.

4.  Importance of stakeholder involvement.
Overall, countries have made considerable progress in strengthening participation. In most 
countries, the participation of local groups and the private sector in forest-related deci-
sion-making is increasing. Nevertheless, insufficient access to information and a lack of 
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organization and capacity still hinders the involvement of certain stakeholder groups – 
especially indigenous peoples, women and local community groups – in the NFP process.

5.  Absence inter-sectoral approach. 
NFPs should be integrated into wider land use programmes and strategies. However, 
this is rarely the case in practice, and the mandate and role of NFPs in coordinating 
forest-related activities across sectors is often neither clear nor widely accepted. In 
many countries, other sectors show only limited willingness to participate in an NFP 
process and rarely consider fully the outcomes of NFP processes in their respective 
policies or planning processes. 
These global findings are, by and large, reflected also by the experiences gained in 

a pan-European context. According to the State of Europe’s Forests 2011, NFPs are in-
creasingly developed and constitute the most widely applied approach by countries to 
develop forest policy frameworks. Usually, these NFP processes are characterized by 
participatory processes and are oriented towards turning sustainable forest management 
into practice. However, the report also notes the need to strengthen substantive stakehold-
er participation and cross-sectorial coordination, and to keep NFP processes flexible and 
responsive to emerging issues (Forest Europe 2011).

NFPs – how to proceed?

The information provided by countries to FAO and Forest Europe, among others, sup-
ports the conclusion that the idea of NFPs has effectively trickled down from the global 
and pan-European levels to the domestic level and diffused to countries worldwide. The 
management of most of the world’s forests is now governed by different types of NFPs 
to some degree. Hence NFPs present certain governance practices that all countries are 
interested to have. Yet, the overall picture regarding the impact of NFPs as national forest 
governance frameworks on sustainable forest management remains ‘fuzzy’.

Available information (e.g. FAO 2012, Arts et al. forthcoming) suggests that NFP 
processes have led to the establishment of a series of practices that challenge “traditional” 
forest policy-making processes by emphasizing the inclusion of private and non-state ac-
tors, the involvement of sectors outside forests, iterative and adaptive planning processes, 
as well as monitoring its implementation procedures. However, the information about 
these innovations remains patchy as not many NFP processes have been analysed in detail 
and their qualitative impact is thus unclear. 

Notable differences exist among countries around the globe and in Europe regard-
ing the degree to which these NFPs processes have evolved or ‘matured’. While several 
European countries (such as Finland and Austria) already find themselves in the second 
round of rather well-grounded and institutionalized NFP processes, other countries have 
only recently initiated formal NFP processes. Again others are about to start such a pro-
cess and would be interested to learn about potential best practices, but also possible 
failures in order to avoid pitfalls.

In contrast to the rather universal progressive uptake of the concept of NFPs at a policy 
level, research collaboration on NFPs has shown a decreasing tendency in past years. For 
instance, NFPs have not been the subject of any other Europe-wide research collaboration 
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since the completion of COST Action E19, but only individual researchers analyse respec-
tive national NFP processes. A wider comparative perspective that analyses as to how far 
NFPs have lived up to their ideal-type description, and experiences with implementing dif-
ferent principles of NFPs, is still lacking. Based on Casado-Asensio and Steurer (2014) the 
origin, rationale, actual prevalence, governance characteristics and performance of the NFP 
in Europe and globally could be assessed. This analysis would lead to a comparative assess-
ment of similarities and differences in order to develop pathways for the future.

Against this background and the current global and European forest policy negotiations 
(review of the International Arrangement on Forests at the global level as well as the prepa-
rations for the 7th Forest Europe Ministerial Conference) a more systematic evaluation of 
experiences gained and lessons learned with NFPs would be useful. This has been already ex-
plicitly recognized by the Forest Europe Expert Group (regarding the improvements in tools 
for SFM) in its report published in December 2014, and endorsed by the FOREST EUROPE 
Round Table Meeting in November 2014. Therein the Expert Group recommends reviewing 
and updating the pan-European approach to NFPs to reflect past experiences and future needs 
and to also consider the link with criteria and indicators for SFM. This review and update 
could form an essential component of the future Forest Europe work programme post-2015, 
similar to the review and updating of indicators for SFM which is currently on-going.

Such a review at the political level should ideally be based on, or accompanied by, 
a scientific review on the extent and degree of application of the NFP concept and its 
impacts, and an analysis of supporting and impeding factors to the implementation of the 
different NFP principles as adopted in Vienna in 2003. This review would also provide an 
opportunity to take advantage of recent scientific work undertaken under the umbrella of 
IUFRO on policy learning. 

NFPs have proven to be a key tool for promoting SFM in a more holistic, participatory 
way. Its principles are as valid in 2015 as they were when they were first agreed globally 
almost 20 years ago. The review of the International Arrangement on Forests, the nego-
tiations on Sustainable Development Goals and a post-2015 development agenda, and 
the deliberations on a legally binding agreement on climate change make the year 2015 
a crucial one for forest policies at global level. Moreover, a range of key sustainable 
development goals are advanced in Europe with the strong involvement of the forest 
sector, including promoting green energy and strengthening sustainable consumption and 
production. Integrating these different aspects in more consistent and holistic governance 
frameworks has been one of the ambitious dreams of the initial promoters of NFPs. With 
the information gained on what works and how (and what doesn’t), perhaps the time is 
right to learn from these experiences, and build a second-generation “NFP”, with a view 
to contributing significantly, as a region, to achieving global sustainability goals.

The authors gratefully acknowledge the support provided by Catherine Ohler, Uni-
versity of British Columbia, in editing this paper.
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EUROPEAN FOREST RESEARCH, BASIS FOR THE BIOECONOMY 

Marc Palahi

Director of the European Forest Institute (EFI), Joensuu, Finland

We are living in a time of accelerated changes and unprecedented global challenges, 
related to today’s predicament: how to decouple economic growth from environmental 
degradation. 

In this context, Europe, which is in a process of redefining itself, has taken important 
steps, to tackle global challenges and stimulate a paradigmatic transformation of the 
European economy. The Europe 2020 Strategy calls for a bioeconomy as a key element 
for smart and green growth based on research and innovation to improve the management 
of its renewable biological resources and to open new and diversified markets in food 
and bio-based products. It is estimated that the EU’s bioeconomy sectors are worth  
€ 2 trillion in annual turnover and account for more than 22 million jobs (approximately 
9% of the workforce). The forest-based sector represents more than 20% of those 
figures, and has the potential to become a pillar of the bioeconomy. This is due to 
the forest-based sector’s cross-cutting nature, which allows addressing inter-connected 
societal challenges such as energy security, natural resource scarcity, biodiversity loss, 
fossil resource dependence and climate change, while achieving sustainable economic 
growth. However, unlocking the potential of the forest-based sector, requires at least 
two important strategic developments: 

 –  An ambitious Pan-European forest-based research and innovation area build 
around new investments in research (it is estimated that €1 of EU research funding 
leads to an increase in industry added value of between €7 and €14), enhanced co-
operation of national research organizations, coordination and integration of national 
research funding programmes and mobility of researchers (both at geographical and 
discipline level).

 –  A coherent and well coordinated forest related policy framework that addresses 
existing regulatory and market failures, reinforces cross-sectoral policy interaction 
and stakeholder engagement, and is based on the understanding of forest resources 
limits and the societal values and trade-offs between different uses. 
The potential of the forest-based sector will only be fully realised by working across 

several disciplines, policy areas and sectors with a strong willingness to jointly transform 
emerging challenges into opportunities. A recent EFI policy study labelled the current 
state of the European forest-based sector as one of creative destruction. The pro-
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duction of some traditional forest products (e.g., communication paper) have started to 
stagnate or decline in Europe, while at the same time, new business opportunities are 
emerging, such as for the bio-based industries (e.g. linked to energy, textile, chemicals) 
and services related to them. 

In this complex and changing environment, the European Forest Institute (EFI) with 
its two mutually reinforcing functions: research and policy support, and rooted in a dy-
namic and diverse Pan-European Network, is well positioned to support an informed 
dialogue on European forest-related policies. At the same time, EFI has a responsibility 
in ensuring that European forest research results provide a sound scientific basis for better 
informed political decisions.
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RISK MANAGEMENT IN THE FORESTRY OF THE 21ST-CENTURY

Klaus v. WILPERT

Department of Soil and Environment, Forest Research Institute Freiburg, Germany

Introduction

Environmental boundary conditions for growth and vitality of forests changed substan-
tially during the last decades. Beginning with the first third of the 20th century, acid and 
nitrogen deposition led to unnatural and dramatic soil acidification and eutrophication of 
forest soils. 

Fig. 1. Development of the frequency distribution of soil pH at Triassic sandstone areas (5-10 cm 
depth) in Baden-Wuerttemberg, SW-Germany between 1927 and 1992

Subsequently nutrient stocks have been depleted and soil biological activity damped. 
Both aspects reduced the aptitude of forest soils as rooting space, resulting in flat rooting. 
This deposition-driven deterioration of ecosystem stability and ecosystem functions in-
teracts with new ecosystem strains through more frequent events of weather extremes like 
droughts as caused by climate change. 
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Forest monitoring a data basis for forecasting and counteracting ecosystem damages

Forest monitoring was started in the early 1980s with large-scale assessments of new 
types of forest damage. Shortly after, it was extended by assessments of tree nutrition 
and soil condition in order to analyze the impact of environmental changes on forests 
and to formulate strategic recommendation to politicians. In the mid 1990s intensive 
monitoring plots (Level II network) were added in order to analyze changes in a variety 
of environmental parameters as well as cause-effect relationships in a choice of case 
studies. Especially atmospheric deposition and meteorological parameters are measured 
with high temporal resolution on these sites. The recognition of spatial patterns by means 
of the large-scale representative grid (8 km x 8 km in Germany and 16 x 16 km across 
Europe, so called Level I grid) in combination with the intensive monitoring (Level II) is 
unique and permits an up-scaling of process-based predictions to the large scale. Forest 
monitoring gives considerable impetus to clean air policies as well as to the verification 
of the effectiveness of instruments of environmental policy. Examples are depositions 
of acidity and nitrogen as well as ozone concentrations in the air. The finding of forest 
soil acidification in central Europe gave rise to forest conversion towards deciduous 
species adapted to the site. It also constituted the scientific basis for compensation measures 
(e. g. forest soil protection by means of liming). The resulting ecological benefits such as 
mitigated nitrate leaching into the groundwater can be evaluated based on case studies 
on Level II sites. Current studies of the sensitivity of forests against climate change rely 
greatly on monitoring data, as does the adaptation of forests to climate change by means 
of the choice of adequate tree species. Other benefits are further developed measurement 
methods and models for water and element budget. High on the agenda is also the 
estimation of the capacity of forest soils for more intensive forestry use for fuelwood 
production. All this is by no means feasible without a broad inclusion of monitoring data. 
Risks to forests due to environmental changes have become quantifiable. This is why 
forest monitoring has revealed itself as an indispensable information source for securing 
the multifunction of forests and as a tool for the surveillance of sustainable development.

Forest liming for stabilizing forest and recovering natural soil diversity

An effective counter measure against soil acidification as caused by the combined effects 
of forest history (e.g. litter racking), trees species effects and deposition impacts, is forest 
liming, which is recharging the soils buffering capacity with basidity. But forest liming 
displays not only the intended effects rather than also side effects like an “overshooting 
nitrification” and subsequent nitrate leaching. This problem applies especially for situa-
tions near nitrogen saturation.

The result of this re-examination of old liming experiments was an unexpectedly 
long-lasting effect that displayed lime applications, even with moderate dosages, upon 
soil chemical and physical properties. The effect of loosening the soil structure at the in-
terface between soil and atmosphere, thus enhancing soil aeration which resulted in deep-
ening the intensively rooted soil space, could be shown at the intensively examined sites 
in principle and be confirmed by the root inventories at most of the experimental sites. 
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Fig. 2. Liming deepens the rooted soil zone on the long-run

Accordingly to a deepened rooting zone a tendency towards increased C- and 
N-stocks in the upper mineral soil could be identified as an additional beneficial effect 
of liming. Corresponding results could be derived from the environmental surveys (soil 
chemical and tree nutrition networks) at the integration level of the state. Each addition of 
substances, cause not only the intended effects, rather then also unintended side effects. 
Such side effects were often described in literature, mainly at the basis of short-term 
observations in the range of 5-10 years after lime application. Thus at the experimental 
sites of the FEELING – project in the eastern Black Forest a tendency of a relative 
increase of fine root density at the soil surface, where liming generates more favorable 
conditions for rooting was described 5-8 years after the application of 4 t/ha dolomite. 
The second severe risk is an “overshooting nitrification”, which can lead to increased 
nitrate leaching. Both unintended side effects can be observed after the application of 
lime or dolomite. But they are limited to few years after liming, even if the dosage is 
over-above elevated. Furthermore in a well-organized and soundly justified program 
of soil protection liming the dosage should be carefully differentiated according to site 
conditions and deposition load (e.g. N-saturation) in order to avoid surely those risks. 
Thus, in Baden-Wuerttemberg, for example, dolomite applications are limited in the 
dosage to 3-4 t/ha per liming campaign and liming campaigns are not earlier repeated 
than after a ten years period.

The aim of forest liming is not to enhance the growth of forests rather than preser-
vation and recovery of site quality and the protection of neighbored ecospheres. Liming 
generates more favorable chemical conditions for soil organisms in the humus layer and 
in the upper mineral soil, which lead to a stabilization of the buffer- and filter function 
of soils, to a wider pore space at the soil surface and subsequently enlarges the rooting 
zone towards deeper soil horizons. Forest liming is an effective measure for long-term 
soil preservation, has a potential for water preservation and stabilizes forest ecosystems
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If politicians take the task of preserving sustainability of natural resources in forests 
seriously, they must guarantee a long-term liming program, in order to compensate the 
manmade acidification of forest soils. The duty of performing adequate liming programs 
should be included into certification systems.

Forest management options to maintain nutrient sustainability

A high spatial and temporal resolution of matter flow measurements is the precondition 
to register short-term matter flow events. On this basis realistic element budgets could 
be set-up representing the actual environmental situation. Key processes of the site de-
velopment are getting perceptible. The types of element budgets have been formulated 
using site parameters as well as amount and composition of depositions. The param-
eters used for the description of the types of element budgets are the key information 
about ecosystem processes which allow for a prognosis of the ecosystem development 
in a regional context. These key information are collected by case studies of the Level 
II sites. The equipment of extensively instrumented Level II sites provides the core 
parameters for calculation of water- and element fluxes. Thus, element budgets for as-
sessing direction and dynamics of ecosystem changes can be derived at these sites. The 
use of additional experimental features like liming and/or silvicultural variants enable 
differential diagnostic approaches and judging the potential of these technical measures 
for enhancing sustainability under the influence of given environmental conditions. The 
big advantage of performing such experiments under the frame of the Level II network 
is the broad standardization of methods providing good comparability among the dif-
ferent studies.

If flux measurements are performed in a high number of pattern like structure units 
representing phases of silvicultural rotation periods the contribution of single structure 
units to system behavior as a whole can be identified. Forest practice can take mainly two 
measures for controlling element cycles and budgets: the tree species selection (conifer-
ous versus broad leaved) and/or harvesting strategy (continuous-cover or gap-oriented 
versus clear-cut). 

In Fig. 3 the potential of tree species selection for preserving the closeness of el-
ement cycles is demonstrated with the example of beech versus spruce stands at the 
Conventwald site. Both are old-grown stands. The spruce 100, and the beech/silver-fir/
spruce mixed stand 150 years, the latter is dominated by beech (63%). This comparison 
was drawn for the period 1995-2002. The drought 2003 was excluded in order to avoid 
external disturbances so far as possible. The most impressing difference between the 
two tree species variants in their effect on element fluxes is the big difference in nitrate 
fluxes. The nitrate flux is of absolutely subordinated importance in the beech dominated 
stand, whereas it dominates the element fluxes in spruce with values up to 2 kmol-
cha-1a-1. Additionally in the spruce stand sulfate is important as “driver for the element 
export”, especially in the subsoil, where a remarkable increase of sulfate flux occurs, 
obviously through re-mobilization of mostly inorganic sulfur precipitates, originating 
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from former deposition. The element flux density at the system output is in the beech 
mixed stand lower than at the input interface. This is a good indicator for a sustainable 
element budget preserving widely the element stocks in the ecosystem. Thus the silvi-
cultural regime protects the site quality in terms of potential for stand nutrition as well 
as for other ecosystem functions like e.g. acid buffering and nitrogen retention.

Fig. 3. Element fluxes at a 100 year old spruce stand (left) and a 150 year old mixed beech stand 
(right) at the Level II site Conventwald

Finally cumulative element balances for basic cations (Mb-cations) can be composed 
from these mosaic-like patches and be calculated for whole rotation periods. In the case of 
the Conventwald site 50 different structure units were available for setting up these element 
balances as related to silvicultural management strategies. Here we focus upon the balance 
of Mb-cations as indicator of the ability of the ecosystem to buffer acid input. The element 
budgets are including the input values from deposition and silica weathering and the output 
values with seepage water and fixation of Mb-cations in the harvested biomass.

Since additionally the Mb-cation pools of other biomass compartments as the har-
vested biomass had been determined, it was also possible to include different harvesting 
intensities into the balances: Harvesting only the timber, harvesting timber and bark and 
full-tree harvesting (only above ground).

In Fig. 4 the course of these Mb-cation balances over the whole rotation periods is 
demonstrated for the three most different silvicultural management strategies and shows 
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the mean yearly Mb-cation balance is compared for all 5 management variants including 
the three harvesting intensities.

Fig. 4. Course of Mb-cation balances for the silvicultural management schemes beech 
monocultured stand with clear-cut regeneration (above left), beech/silver-fir/spruce mixed 
stand with very slow gap oriented regeneration (above right) and spruce monocultured stand 
after beech clear-cut (below left)

The two examples with clear-cut regeneration cause a net loss in the Mb-cation bal-
ance up to 7-8 kmolcha-1a-1. In the beech mono-cultured stand the balance for Mb-cations 
was equalized 25 years after clear-cutting, mainly because of the very low element loss 
through nitrate. In contrast to that the Mb-cation balance displays remarkable loss during 
the whole rotation period in a mono-cultured spruce stand after clear-cut. The beech/
silver-fir/spruce stand with continuous cover was the most cautious strategy causing no 
longer lasting periods of Mb-cation loss.

The mean yearly Mb-cation balances, given in Table, show over the whole rota-
tion period for the two clear-cut regimes for the harvesting intensity “timber + bark” 
remarkable loss in basidity. The two gap oriented beech-regimes and the mixed contin-
uous cover regime resulted in balances around zero. If we supposed a lower harvesting 
intensity (timber without bark) only the spruce regime displayed remarkable loss in 
basidity. Full tree harvesting causes at this site with all management regimes an unbal-
anced Mb-cation balance.
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Table. Total balances of Mb cations for whole silvicultural rotation periods at 5 different 
silvicultural management strategies in Beech (Be), Spruce (Sp) and silver fir (Fi) forests (negative 
Mb-balances gray shaded) including femel plots with 80% (0.8PreReg) and 20% (0.2PreReg) pre-
regeneration

Yield
Be/Fi/Sp
200 yr.

pepmanent

Be 150 yr.
femel

0,8 PreReg.

Be 150 yr.
femel

0,2 PreReg. 
[kmolcha-1a-1]

Be 130 yr.
clear-cut

Sp 100 yr.
clear-cut

Timber 0,520 0,418 0,311 - 0,018 - 1,904

Timber + bark 0,125 0,082 - 0,026 - 0,332 - 2,461

Total biomass - 0,086 - 0,084 - 0,251 - 0,542 - 2,644

Element budgets are a reliable instrument for sustainability management as well as for 
supporting economic management decisions, which meets the demand of Meiwes et al. 
(2008) for „good practice guidance of the use of residual wood biomass in the forest“. The 
results presented, are open for different strategic approaches and normative settings. It can 
serve to define the nutrient compensation demand as well as quantitative data base for the 
definition of a harvesting threshold above which nutrient sustainability will be endangered, 
like Göttlein et al. (2007), and Kölling et al. (2007) suggest to be observed through harvest-
ing renounce. In that case it has to be clarified that harvesting renounce cannot be restricted 
to fuel – wood harvest rather has to be applied on all timber harvest. An alternative would 
be to bring back the nutrient amounts exported from forest soils with the biomass harvested 
by means of wood-ash re-cycling. This option allows for maintaining the actual harvesting 
intensity with all its environmental benefits like CO2 fixation and reducing the demand on 
fossil energy sources in the sense of a win-win strategy.
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Our land has become a ritual of plants and trees which 
break as a thought ripe with wisdom –

 this Wisdom is our fatherland which we have chosen in 
our hearts with the land’s consent.

Karol Wojtyła, “Easter Vigil”, 1966

Introduction 

In the 21st century, we have come to face many challenges which relate to the future 
of “forest management” as broadly conceived. More and more often, forests and forest 
management and their role in public life and in the national economy are becoming the 
subject of more general discussion. Expectations with respect to forests change with the 
evolution of people’s environmental awareness  and a  growing level of knowledge of 
the many attractive and desirable goods and services forests provide. These challenges 
translate directly into a need to revaluate the existing priorities and objectives of forest 
management, and into an extensive opening-up of forestry to all stakeholders who wish to 
shape forest policy and the management of forests actively. Involving the public in such 
processes poses many risks, particularly at the interface between the protection of forest 
nature and the economic significance of forest management. Forest sciences play a key 
role in coping with these challenges, as, on the one hand, they have for three centuries ac-
companied and given direction to the changing forestry, while, on the other hand making 
it possible for new, so far unexplored areas, to be opened up or indicated.

Interdisciplinarity and globalisation, i.e. not only traditional forest sciences

It is more and more common for forestry to be perceived from multiple points of view, also 
including those relating to the development of modern science. The mechanisms governing 
the phenomena ongoing in forest ecosystems, also those affecting forest management, are 
gradually being determined more and more fully, with the main conclusion being that they are 
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very complex in nature. A correct understanding of the phenomena in question is thus seen to 
require a multi-aspect and interdisciplinary approach (Fig. 1). Only this can ensures a better 
chance of success with the solving of problems faced by contemporary forestry.

Forestry  Biology  

Political 
sciences  

Economics 

Genetics  

Sociology  

Nature 
conservation 

Geomatics  

Fig. 1. The interdisciplinary nature of forest science

One of the inevitable phenomena characteristic of our times is the general globalisa-
tion affecting the timber industry and forestry technology in particular, where forests are 
concerned. It is very likely that the phenomenon will eventually come to be ubiquitous in 
forest science. The tightly closed domestic market for scientific research will therefore in-
evitably be exposed to international competition. It is important to note that the phenome-
na ongoing in forests, in particular in relation to climate and the laws of  the economy and 
of nature,  are intrinsically of a kind that extends beyond the national level. It is therefore 
obvious that the problems characteristic for these phenomena need to be solved on a scale 
beyond the domestic. Moreover, it is to be expected that competition in the forest sciences 
will occur, not only among the different scientific institutions traditionally dealing with 
forests. Today it is already clear that the areas of science so far unexplored in forestry 
are being addressed by research centres originating from beyond the “traditional” forest 
sciences. Their advantage is the ability to use the achievements of fundamental sciences 
(sociology, biology, economics and geography) in solving the practical problems of forest 
management. For scientific institutions dealing with forests, this tendency should encour-
age a strengthening of interdisciplinary cooperation. 

For the reasons listed above, fundamental sciences should not be forgotten. In this 
context, the simple description of phenomena, which sometimes seems to have become 
passé, takes on a completely different dimension. In the longer term, failure to pursue 
work in the fundamental sciences can lead to an inability to respond to the changing 
environment. This principle is very well-known, particularly in countries with a well-de-
veloped, efficient system of financing scientific research.
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Forests and the carbon cycle and climate change

The expected climate change has posed many issues needing urgent resolution by the 
scientific community. Given the well-known and increasingly emphasised importance of 
forests in shaping climate, the forest sciences have a special role to play. In the light of 
observed climate change, the operating methods used in forest management, as shaped by 
generations of foresters, require another “scientific valorisation”. The issues related to the 
use of timber resources, the ranges of forest-forming species, the enhanced importance of 
water deficit, the greater pressures being exerted by pathogens and pests, and the intra- 
and inter-specific competition among woody species must be subjected to inquisitive con-
sideration by interdisciplinary research teams. The forest sciences should address the pri-
ority issues relating to enhancement of forest-ecosystem resilience to disturbances caused 
by climate change, e.g. in practice windthrow, drought, flood and fire. An important issue 
will be the reduction of the breeding risk through the reasonable use of the whole pool 
of tree species present in our country (Szwagrzyk 2014). The reduced resilience of trees 
and stands to damaging factors, mostly caused by climate change, requires appropriate 
actions within “forest protection” as broadly conceived. An equally important issue is the 
elaboration of scenarios on actions to be taken to combat invasive species; this would en-
tail urgent research on monitoring methods and the effective eradication from our forests 
of alien species of pathogens and pests (Hilszczański 2014, Sierota 2014).

Forests play an equally important role in the global carbon cycle, accumulating enormous 
quantities of carbon, sufficiently to affect the climate significantly, as is demonstrated from 
annual trends as regards the CO2 content of the atmosphere. Indeed, the preservation of an 
equilibrium between deforestation and the biomass increment in forests is a key part of the 
struggle for a positive carbon balance. 

A fuller understanding of the importance of forests in this complicated process has 
been one of the significant achievements of the modern forest sciences over the last 
decade, and it has required the involvement of experts in oceanography, remote sensing, 
biometry and other fields, in the joint creation of models of the carbon cycle in nature 
(Schimel 2014). There is no doubt that this direction of research in the forest sciences will 
continue to be present in upcoming years.

What we know about a forest, or the needs of practitioners

The forest sciences focus on both the phenomena occurring in forest ecosystems and those 
relating to “management”, in the broad sense of the term, that is being implemented in forests. 
However, most often the research issues considered do not give equal attention to science 
and practice. Moreover, the communities involved in the creation and pursuit of forest policy 
and management show a tendency to question the results of scientists’ work. This happens 
especially in a situation where there are no appropriate tools to solve many of the current prob-
lems, which ensure primarily from the need to predict the effects of ongoing changes and the 
measures taken in forestry, in both socio-economic and nature-related areas. The formulation 
of specific expectations by decision-makers in respect of scientific work is quite certainly jus-
tified from the purely practical point of view. From the scientist’s point of view, the valuation 
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of scientific work just through an evaluation of its “practical potential” is very often unjusti-
fied, given the unpredictable consequences of the “cognitive potential”, understood to mean 
another link or contribution to knowing or understanding the functioning of the phenomena 
ongoing in forest ecosystems. At the same time, the efforts to ensure rapid achievement of 
practical results from scientific research poses a threat that the quality of research may deteri-
orate, with even a cessation of financing in the case of long-term research. 

The question ”What do we know about a forest?” will be answered differently by 
scientists,  and by foresters as practitioners. It should be expected that, from the point 
of view of scientists, our knowledge of forests remains insufficient, with areas explored 
poorly or not all still being identified. The latter are considered to relate, inter alia, to 
technological development, e.g. remote sensing or biotechnology which are able to offer 
new aspects of forest knowledge. 

Biotechnology – a challenge for forest research

There is no doubt that biotechnology is one of the tempting areas of interest for the forest 
sciences; in particular as regards the use of transgenic (i.e. genetically modified (GM)) 
trees. The advantage of the use of such technologies is that they make it possible to adapt 
trees to specific human needs, such as e.g. controlling the lignin – cellulose proportions in 
wood, depending on the requirements of industry. Traditional selection is unable to carry 
out this process on a larger scale. The intensification of production ensures that much 
greater effects can be achieved with lower outlays and in a smaller area. As a result, more 
areas can be earmarked for nature conservation, for example. Biotechnology provides 
completely new tools for combating pests and pathogens, including invasive organisms; 
and also allows for the adaptation of trees to difficult habitat and climatic conditions.

On the other hand, numerous disadvantages of genetically modified trees are also to 
be discerned, with these arising from:

 – the delivery of foreign genes from species which are distant in terms of kinship, this 
introducing new functions into organisms,

 – changes in native genotypes giving rise to essential differences in gene expression, 
i.e. the use of information contained in genes.

Both sources imply serious ecological consequences. These include the effects of the 
propagation of foreign genes in natural populations which are sometimes difficult to pre-
dict. In this case, the problem could be solved by eliminating the processes of pollen 
production and fruition in transgenic plants. However, even then an adverse impact on 
biodiversity should be expected, particularly in relation to organisms which feed precise-
ly on pollen or fruit. An assessment of the possible risks which the introduction of trans-
genic trees would create is complicated further by their long life cycle; therefore scientific 
research in the field of forest biotechnology needs to be planned over an adequately long 
timeframe. Thus, the main challenges which it poses for forest sciences dealing with 
biotechnology issues still include the determination of the occurrence of different types 
of unfavourable change in complex trophic relationships, and the extensive temporal and 
spatial scale that is characteristic of forest ecosystems (Strauss and Bradshaw 2004). 
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There is no doubt that the introduction of genetically modified trees would bring about 
significant changes. Hence there is now a pressing need for the creation of sound scientif-
ic grounds for developing forest plantations, assisted by biotechnological methods, with 
consideration given to the environmentally positive and negative effects of such measures. 

Plantations and biodiversity – can they be reconciled? 

Contemporary forest sciences are struggling with increasingly serious challenges posed 
by the enhanced demand for timber, particularly as a renewable energy source. Forest 
plantations of fast-growing trees are seen as a solution to this problem. At the oppo-
site pole of these challenges there are the requirements of nature conservation. A unified 
structure, fragmentation and isolation are those factors that contribute to risks where the 
maintenance of forest biodiversity is concerned, this being seen in its most severe form 
in the case of plantations in particular. To ensure effective measures to minimise unfa-
vourable phenomena, it is necessary to develop a strategy for managing plantations in the 
form of a model taking account of  the temporal and spatial factors, and based on thor-
ough knowledge of the requirements of organisms related to a given forest environment. 
In spite of this, plantation forestry fits the general concept of reconciling the demanding 
requirements of biodiversity protection with  forest management designed to provide 
raw materials and entailing a clear-cut division into protective and plantation forests. 
This division is supported by the industry, which discerns that it would bring the benefits 
offered by the concentration of timber production in intensively managed areas, ensuring 
the efficient and cheap management of the whole production cycle. Environment-friendly 
communities also note the positive effects of the introduction of this division, regarding it 
as an opportunity for the demand for timber to be satisfied, through a focus on intensive 
production in plantations of fast-growing species covering limited areas. Such a strategy 
can be expected to limit the pressure caused by the exploitation of remnant natural forests. 
At the same time, scientific research should be launched; in particular research carried out 
on the scale of the landscape which would focus on the elucidation of optimal methods 
for the management of plantations, with a view to their adverse impacts on biodiversity 
being minimised, while, the economic effects are maximised at the same time. The results 
achieved to date indicate the significant role, from the nature-related point of view, which 
plantations can play in the overall forest “matrix”. The role of plantations is emphasised, 
inter alia, in relation to the establishment of buffer zones, supplementing, compensating 
for and combining with forest complexes. This is very important as a factor which contin-
ues to make possible the dispersion of forest organisms (Brockerhoff et al. 2008). There 
are also many examples of the excellent functioning of endangered species in “artificial” 
environments of this type, e.g. Cucujus cinnaberinus in poplar plantations (Horak 2008). 

It should be anticipated that a great deal still needs to be done in this field of forest-re-
lated scientific research, particularly as regards the functioning of the biodiversity related to 
timber – the basic product harvested on plantations. The measures allowing for the optimal 
satisfaction of the growing demand for this raw material are just as important. The introduc-
tion of new solutions into the forest and timber chain, based on the application of advanced 
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ground and satellite-mounted remote sensing technologies (LIDAR), X-ray scanners and 
sound waves used to detect faults and assess wood hardness, will allow for the planning and 
management of resources at all stages of timber production (Gardiner and Moore 2014).  

A case study – the scientific grounds for the management of dead wood in forests

It is a cliché to say that the development of science triggers changes in economic activities, 
which sometimes even subvert the paradigms governing the ways in which many phenomena 
are perceived. Perhaps it may be difficult to find such spectacular, revolutionary examples 
in the forest sciences, but nevertheless the results of scientific research often translate into 
significant changes in the approach to forest management, including also at the world level. 

One of the important issues of contemporary forestry is the management of dead wood 
(Czerepko et al. 2014), the principles of which have evolved at the interface between 
biodiversity protection and the utilisation of forests. Over recent decades, the issue of dead 
wood has become one of the most important research problems, as evidenced by hundreds 
of articles published by renowned journals dedicated to ecology, nature conservation and 
forest management (Fig. 2). The research on the role of dead wood in forests is also a 
significant example of changing views and concepts and many interesting discoveries in 
the seemingly narrow scope of research on the ecology of saproxylic organisms. 
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Fig. 2. The number of publications on dead wood in different years, according to the Scopus 
database

Dead wood has always been regarded as the most contentious element in the scientific 
discourse between forest utilisation and nature conservation. The basic issue has been the 
quantity of dead wood which should be left in managed forests, to, ensure, at the same 
time, conditions for the development of saproxylic organisms. Many publications have 
included the concept of a minimum quantity of wood to be left, as the so-called “ex-
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tinction threshold”, which turned out to be very variable, and dependent on the require-
ments of the particular species or trophic groups. As the research on the requirements of 
wood-related organisms developed, it turned out that the quality of dead wood was just 
as important as its quantity. In many cases, it is exactly the quality that determines the 
suitability of a given environment for saproxylic organisms, especially, with respect to 
rare, endangered and often extremely stenotopic species. The enhanced interest in the 
quality of dead wood was very conspicuous in scientific publications at the turn of the 
centuries (Fig. 3). As some time passed, the original belief in the dominating role of dead 
wood in maintaining the biodiversity of saproxylic organisms changed greatly following 
inquisitive scientific research. 
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Fig. 3. Changes in the perceived significance of the (factors of) quantity and quality of dead wood in 
forests in scientific publications over the last 36 year (n=83). The significance scale from 1 (no 
information on a given factor) to 5 (one significant factor only)

At present, it is believed that exactly the qualitative properties of wood, e.g. the ex-
tent of decay, age, size, situation, insolation etc., are just as important and in many cases  
much more important. Recent research suggests that the quantity of dead wood is even 
less significant for shaping the biodiversity of, for example, saproxylic beetles, given 
progressive climate change, which compensates for the quantitative deficiencies of wood 
by improving its quality (Müller et al. 2014).   

Conclusion

Forests remain a valuable source of different types of goods, both the “ecological” ones 
which are related to natural and recreation-related values, and the economic ones, above all 
these relate to timber. As managers  of these goods, foresters should expect new challenges 
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which will be brought by the changing natural and social circumstances, as well as by pro-
gress in forest and related sciences. There is no doubt that this will be reflected in a  chang-
ing workplace for foresters, in both its technological and nature-related dimensions. All the 
evidence indicates that, due to the growing demand for forest goods, particularly timber and 
timber products, and the pressure exerted to allow the use of land for farming and to meet 
the needs of urbanisation, forest management will be ever more likely to face the dilemma 
of how to reconcile a strategy for intensive timber production with simultaneous care for the 
sustainability and diversity of forests. To a large extent, the development of the best solu-
tions in this range will depend on the identification of mechanisms and phenomena which 
function in forest ecosystems,  in a wide spectrum of their variability – from plantations to 
natural forests – and over a diversified scale of time and space.

Forestry and forest management should seek to reach as flexible and resilient a status 
as possible. This will require close cooperation with forest science, the task of which will 
be to indicate the best solutions allowing for the attainment of such a status, in the face of 
the many challenges which the 21st century brings. 
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Introduction

The formal basis for the development of forest management in Poland is the Act on For-
ests (1991) still in effect, which provides that the objective of forest management is to 
shape a multi-functional forest with a substantial range of protective and social functions, 
as well as to ensure that forests and wooded areas enjoy an appropriate position in the 
spatial development of the country. The principle of the continuity and sustainable use of 
all the functions of forests was adopted as the most important rule. To date, the objectives 
laid down in the Act have not been set out in relevant legal regulations which would 
connect the planning in forestry with spatial planning in a systemic manner. Apart from 
in a purely administrative sense, it is difficult to find substantive linkages between spatial 
planning and forest planning in either the aforementioned Act on Forests or in the Act on 
Spatial Planning and Development (2003) (Przybylska and Zięba 2009). 

Although Polish forests occupy almost 30% of the country, those who create the vision 
for land development continue to take only a limited interest in them. This statement mostly 
indicates that the role of forest management in the sustainable development of a local au-
thority’s area (gmina), a region or the country as a whole is underappreciated, and ignored in 
spatial development plans. This is the case despite the strengthening of the general conviction 
that forests have an invaluable effect on the quality of the natural environment. However, in 
parallel, there is an expectation that greater access to forests will be provided for tourism and 
recreation purposes, and that the increasing need for raw timber will also be satisfied. The 
multi-functionality of forests and the wide range of impacts of forest management thus give 
rise to conflict situations. The often contradictory proposals addressed to the forest services 
require a substantive discussion among the stakeholders concerned with forest management. 

Against the background of the above comments, the two basic questions arising are:  
 – what factors should be taken into account in an assessment of the preferences for the 

use of forests and sustainable development? 
 – how can forest planning be linked with spatial planning – the basic tool for shaping 

sustainable development and a keystone of the system for harmonising different social 
expectations? 



52

There are no easy and unambiguous answers to these questions, which would require 
research and in-depth studies. It is necessary to recognise the particularly important need 
for the development of a system to manage forest areas that would systematise existing 
knowledge and guarantee preservation of the valuable natural and aesthetic features of 
forests, while ensuring that timber resources can be utilised without conflicts. Such a 
system could provide a “backbone” for research designed to improve the functioning of 
forest management in such a way as to limit conflicts relating to the use and transforma-
tion of forest space. At a time of dynamic changes in the country’s space, it is important 
for forestry research to address problems and to engage in the simultaneous treatment of 
forest space as natural, social and economic space.

The building of a system to manage forest areas which would be integrated with 
spatial planning is also important for more general reasons. Indeed, following a new ad-
ministrative division of the country, the rank of the region and the significance of regional 
socio-economic policy have increased. This is regarded as a tool for development to be 
equalised on the basis of endogenous resources, not least areas of forest. This is particu-
larly the case in regions which deviate from “the national average”, such as “poor eastern 
Poland” and specific mountain areas.  Hence, if the sustainability of the development of 
forest management is to be maintained, forest planning will need to set objectives coordi-
nated with a consistent vision for a region’s sustainable development, applying manage-
ment methods that  correspond with “its” internal (natural) potential (Zięba 2012).

Specific factors affecting the management of mountain forest areas

Within any general discussion on ways of managing forests, those present in mountainous 
areas represent a special subject. Although they account for only 10% of forest cover in the 
country as a whole, their importance in shaping the natural environment is certainly a great-
er than regional one. They are appreciated, not only in the light of their valuable landscape 
features, but also – primarily – in view of their role in the regulation of water resources and 
thermal conditions, and in the prevention of soil erosion. These environment-forming func-
tions of forests which dominate in mountains take shape depending mainly on the spatial 
differentiation of the structure and quality of forest ecosystems within the boundaries of 
the catchments of mountain streams. Therefore, the catchment should be a superior unit of 
forest planning compared with the individual stand (Przybylska 2006). 

The marked variability of habitat conditions and related diversity of forms of moun-
tain stand clearly indicate that the means of forest management should be free of patterns 
imposed by classical forest management models, as systemically related to one specific 
type of felling and with the objective of silviculture common to the forest undertaking. 
The so-called freestyle silviculture which has been used in Slovenia for many years is 
regarded as an appropriate one for mountains (Fabijanowski 1998). Freestyle silviculture 
means that the forest manager is freed from the patterns related to specific types of felling, 
and treats stands in a well thought-through, individual way, based on deep knowledge and 
experience, with consideration of the microhabitat conditions, their present status and the 
role forest is expected to play within a catchment (Przybylska 1996).
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However, the domination of the environment-forming function of mountain forests 
and the forest management methods adapted to its potential cannot be a factor which halts 
sustainable socio-economic development, particularly that of rural areas, which has been 
related to forest management for centuries  (Przybylska, Zięba 2007).

In the light of these observations, the main objective of this study is to present a model 
solution for a system to manage forest areas which would be integrated with socio-econom-
ic planning. In this system, the methodological basis for planning solutions is an innovative, 
multi-factor analysis of the external (social and economic) and internal (natural) factors 
affecting forest management. The adoption of an algorithmic procedure ensures a more 
objective assessment and makes it possible for  the most effective planning decisions to be 
chosen, as these arise out of a necessary compromise between the public demand for forest 
benefits and the need for valuable environment-forming and natural features of forest eco-
systems to be understood and made subject to protection (Zięba 2012).  

The structure of an integrated system to manage mountain forest areas and the stages 
to its implementation

The figure presented below offers a synthetic presentation of the how an integrated system 
to manage mountain forest areas may function. Indeed, it is a universal model of the deci-
sion-making process, its hierarchical structure and the scope of the decisions taken in planning 
sustainable and multi-functional forest management. Forest areas are managed in two basic 
stages reflecting the range of the analytical units appropriate for both spatial (socio-economic) 
planning and forest planning (based on the organisation of systems present in nature).

As part of the work at this stage, the factors and features of the areas adjacent to 
forests, which strongly affect the process by which planning decisions taken in relation to 
the priority functions of forests and the directions of forest management are considered 
and quantified. They include: the spatial differentiation of the functions of the areas 
surrounding forests, legal regulations, demographic indicators, the size and distribution 
of infrastructure related to tourism and recreation, accessibility in terms of transport, etc.

Knowledge of the values for the basic indicators in the socio-economic sphere sur-
rounding forests should be a starting point for a substantive stakeholder dialogue and, at 
the same time, an attempt to answer the basic question in the decision-making process: 
“How can the needs and aspirations of neighbouring areas be supported while  the envi-
ronment-forming role of mountain forests is maintained?” Social expectations are great, 
since for many years mountain areas have been outside the mainstream economic devel-
opment of the country, and are regarded as so-called “problem areas”.

Thus, forests and their riches are perceived as among the major sources through which 
residents’ standards of living might be raised. However, social expectations can largely 
be reduced to a proposal that harvests of raw timber be raised to curb unemployment and 
rural poverty. Such a proposal is not only in contradiction with the statutory requirement 
for the protection of forest ecosystems of special environment-forming significance, but 
also serves the purposes of radical “ecological” movements opposed to any human inter-
vention whatsoever in the body of a forest.
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Monitoring of forest areas      

Analysis of the internal factors affecting 
forest management functions

Assessment of the degree 
of deformation of forest ecosystems

Functional forest areas

Fig. The model of an integrated system to manage forest areas

A compromise may be reached in the form of a rational allocation of the priorities of 
functions, which would be agreed by the stakeholders, with special areas designated for 
the purposes of recreation, education and tourism (Ważyński 1997). The means of forest 
management in these areas, in line with the above purposes can attract tourists and holi-
day-makers even from far-off parts of the country, with its attractive, individual solutions; 
at the same time creating jobs and the motivation to raise the standards of settlements and, 
in general, the civilisational development of the local population. The use of economic 
activities to strengthen the potential of a specific function must always cause some weak-
ening of other functions, but this does not mean that they cease to apply altogether. 

The effect of the analysis and agreements in the first stage should be the identification of 
planning units called functional forest areas. These are areas distinguished in spatial terms 
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within administrative units, and assigned a specific priority as regards the forest manage-
ment function, with these representing specific, common foundations for both spatial and 
forest planning.

The second stage to the functioning of an integrated system to manage mountain 
forest areas can be reduced to the preparation of a management programme in which the 
distinguished functional areas provide the basis for the organisation of multi-functional 
forest management. Indeed, this is an equivalent to a forest management plan, the structure 
and content scope of which reflect the division into functional forest areas, the main 
priorities of the functions laid down for them and the directions to forest management 
that correspond with these priorities. The document in question thus answers a question 
of basic significance in the decision-making process: What – and what intensity of – 
measures should be applied to attain the form of a forest which would match specific 
economic objectives and the existing natural conditions? 

Given the specific factors affecting the development of forests in mountains, it is con-
sidered appropriate from the management point of view that forest areas be divided into  
sub-districts, catchments and stands [Banaś 2010, Banaś and Zięba 2012]. The planning 
at each of these levels is characterised by a different degree of detail and scope of data 
used for analysis, hence, it is necessary to apply different methods to acquire and analyse 
indispensable information. 

As a plan is drawn up, there will need to be:
 – an assessment of the internal (natural) factors,
 – an inventory of forest ecosystems,
 – an assessment of the degree of deformation of forest ecosystems,
 – forest valorisation,
 – an indication of economic tasks,
 – simulations and forecasting,
 – an elaboration of principles for the monitoring of forest areas.

A diagnosis of the natural conditions which determine the development of forests is 
thus a starting point for the decision-making process in forest planning (Przybylska, Zię-
ba 2008). For the purposes of it, information is collected on the size and structure of forest 
resources, along with their spatial allocation, and further on the differentiation of habitats, 
the hydrology of the site (with particular consideration given to water-head areas); the 
richness of flora and fauna, with the location of valuable sites for phytosociological as-
semblages and refuges for protected species of flora and fauna; and dead wood resources, 
with an assessment of the degree of decomposition (Banaś et al. 2014). Moreover, as part 
of the inventory, visually attractive open spaces, including e.g. mountain glades, crests 
and valleys, outcrops and preserved sites and traces of historic events and the culture of 
the region are assessed (Przybylska 2009).

It should be added that, for the purposes of “an integrated system to manage mountain 
forest areas”, stand descriptions should be prepared in accordance with modified princi-
ples that account for the specific, complex, multi-generation and multi-species form of 
mountain forests.  

The representative method, using permanent, round monitoring plots, disseminated 
as “the statistical and mathematical system for forest inventory and control”, proved to 
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be most appropriate for the implementation of a forest inventory and a periodic survey of 
development processes. The system originated in Switzerland and was adapted for Polish 
conditions in the late 1960s and early 1970s, at the Department of Forest Management 
of the University of Agriculture in Kraków, under the supervision of Prof. Bolesław Rut-
kowski (Rutkowski et al. 1972, Rutkowski 1989).

The use of permanent, round monitoring plots, adapted to check on periodic changes 
and the pace of forest-forming processes, in particular allows for  an assessment of stand 
species composition – in terms of share and volume; the average number of trees and the 
average stand resource per hectare, as well as the distribution of these values in terms of 
degrees and volume classes; the quantity and volume of standing dying trees and lying 
dead wood; the species composition and intensity of occurrence of the young generation, 
i.e. the co-called upgrowth – with a breakdown into size classes, new growth, as well as 
the layers of shrubs and undergrowth. In this system, apart from the identification of the 
current state of the forest ecosystem, successive periodical measurements on the plots 
allow the intensity of and trend to changes ongoing in forests to be estimated, along with 
the recruitment and loss of trees, and the current increase in stand volume (Przybylska 
1977, Banaś 2002, Banaś and Zięba 2001, 2002). 

The objective character of the inventory results from the random (most often system-
atic) choice of the sample, while reliability is correlated with the number of the monitor-
ing plots established. Therefore, with a systematic distribution of the sample, it depends 
on the area of the inventory unit represented by this sample (Przybylska 1996).

In the system presented here, economic decisions in forest planning are first taken 
with respect to the surface area of the catchment, the planning unit above the stand. For 
the designated priority function of a forest and the existing habitat conditions, the de-
sirable, model-based form of a stand is determined – i.e. primarily their species and age 
structure (Banaś 2010). The forest valorisation, which defines the degree of deformation 
of the species composition of the stand with respect to the habitat potential and the lead-
ing function, plays an important role in this process (Przybylska 1996).

In mountain forests, the valorisation system for the assessment of mountain forests 
which is useful for these purposes (Przybylska 1999) is the one that assesses both the de-
gree of  current deformation of the stand floor and the development trends identified by an 
assessment of the deformation of the young forest generation layer. The valorisation should 
address the whole area of the catchment as a space capable of meeting the principle of the 
sustained maintenance of an ecological equilibrium of a set of stands within its boundaries. 
Within the typically extensive area of a unit, a desirable share of the ecological stages of 
stand development can be shaped, ensuring the continuity of the process of the replacement 
of generations. Moreover, it is possible to periodically tolerate a small share of stands with 
a structure other than the model structure. At this level, it is also possible to take account 
of problems related to a foreseen, possible change of land-use category, such as planned 
afforestation projects.

More-detailed planning decisions are taken at the level of the stand. It is at this level 
that technical details are agreed, i.e. those that determine the manner and intensity of 
treatments in individual stands. Their choice depends on the current form of stands and 
the role they are to play in a consistent system of multi-functional forest management. 
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The formulation of relevant decisions can be assisted systemically by mathematical 
models allowing for the simulation and forecasting of the natural and economic effects of 
a treatment’s implementation  (Banaś 2007).

A sub-district play a special role in forest planning. It is at this level that a global analysis 
of the planned scope of economic activities is carried out, along with an assessment of 
the revenues and costs relating to forest management adapted to the requirements of the 
priority forest functions. The results of the analysis provide the basis for indicating the 
stands in which treatments are either mandatory or optional (Banaś 2010).

An integrated system to manage mountain forest areas is completed by forest monitor-
ing. In the final part of the plan, its objectives and methods are defined. It is used, not only 
for a periodic assessment of the condition of a forest, but also – perhaps above all – for an 
assessment of the effects of the decisions taken in the plan, the economic activities carried 
out in the control period and the impact of the external areas. The conclusions from this 
assessment can be used to adjust adopted directions and means of management.

The statistical and mathematical forest inventory and control system used to carry 
out the forest inventory meets the requirements of reliable assessments for forest areas. 
The results of periodic forest valorisation prove useful in assessing the degree to which 
economic objectives are being attained. In this case, the evaluation of effects has the form 
of a comparative analysis of the deformation of the forest form with respect to its model 
form, specific to a given function. In turn, the assessment of the impact of the external 
factors on forest planning concerns, inter alia, the extent of afforestation, deforestation 
and forest uses, and the extent of adverse natural and anthropogenic factors. A positive 
balance to changes should strengthen the conviction of the forest services as regards the 
purposefulness and correctness of the forest management they implement. 

It should be emphasised that the integrated system to manage mountain forest areas:
 – defines the place and role of forest management in the country’s sustainable so-

cio-economic development,
 – identifies insufficiently-explored problems at the interface between forestry and ex-

ternal activities, thus indicating new directions to interdisciplinary research,
 – reveals the need for research to improve methods and means of forest management, 

in accordance with the priorities of specific functions,
 – can contribute to the presentation and promotion of sustainable and multi-functional 

forest management in the communities responsible for the preparation and implementa-
tion of programmes covering forest areas,

 – will facilitate wider, partnerly cooperation between the forest administration and the 
national and local administrations.
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Final work is underway on the adoption of a new Act on Renewable Energy Sources in Po-
land. The provisions of this Act will determine the use of renewable energy sources (RES) 
and implementation in line with the objectives of EU climate policy. The 2009 Directive 
of the European Parliament and of the Council on the promotion of the use of energy from 
renewable sources (2009/28/EC) assumes that the latter’s  share in final gross energy con-
sumption by 2020 will be at least 20% - and 15% in Poland. The greater part of energy from 
renewable sources is generated from solid biofuels – representing almost half of this kind 
of energy in the European Union, and a much higher percentage in Poland (some 80%). 
In turn, one of the basic renewable energy carriers within the group of solid fuels is forest 
biomass, consisting of fuel wood and organic residues which are not included as part of 
industrial timber harvesting in intermediate and clear cutting. For economic reasons, the 
harvesting of logging residues should be adopted as the main and prospective direction to 
biomass use for energy generation purposes in Poland. Assuming that the total logged area 
in the country varies between 20,000 and 30,000 ha, the total weight of logging residues 
at the national level is about 1.5 million tonnes. When recalculated to biomass volume, the 
potential quantity of logging residues in the country would be an estimated 1.5 - 2.3 million 
m3, depending on the total logged area. Irrespective of the economic decisions taken – on 
whether to harvest the whole mass of logging residues or only part of them - it is clear that 
this is not a very large quantity. Therefore, if  EU commitments regarding renewable energy 
sources are to be met, efforts will need to be taken to ensure a greater share of biomass from 
plantations at power plants.

The harvesting of logging residues leads to organic matter losses from forest litter. 
The authors’ own research demonstrated that the total weight of the above-ground parts 
of pines of felling age in a fresh condition is about 300 tonnes per hectare. Logging resi-
dues, consisting of cut-off tree-tops, branches and needles, represent almost 20% of that 
weight, which is to say that the total weight of logging residues hectare is about 60 tonnes.

At the same time, the loss of organic matter from the forest ecosystem entails the 
removal of mineral elements contained in logging residues. Our research in this sphere 
shows that the average masses of elements contained in logging residues per hectare 
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were: 125 kg of nitrogen, 19 kg of phosphorus, 45 kg of potassium, 75 kg of calcium and 
9 kg of magnesium. Thick branches are the fraction of logging residues poorest in mineral 
elements, while needles are richest. Branches thicker than 4 cm represent about 1/4 of the 
weight of logging residues and their content of minerals is only about one-sixth as high as 
that of thinner branches and needles. The logging residues of one tree consisting of thin-
ner branches and needles contain on average: 0.26 kg of nitrogen, 0.04 kg of phosphorus, 
0.09 kg of potassium, 0.13  kg of calcium and 0.02 kg of magnesium. 

It is generally believed that the traditional harvesting of the timber of an arrow-shaped 
tree does not deplete soil, since the content of nutrients in its timber is relatively low. How-
ever, our research makes clear that, compared with the harvesting of an arrow-shaped tree 
with bark, the harvesting of the whole aboveground part of a Scots pine in clear cutting 
causes the following loss of nutrient elements from the environment: nitrogen down by 
40%, phosphorus by 55%, potassium by 76%, calcium by 31% and magnesium by 22%. 

It is therefore evident that the harvesting of logging residues leads to a substantial 
loss of soil humus, which, in turn causes a change in the physical-mechanical properties 
of soils: their reduced sorption capacity and regulation ability, enhanced water and air 
permeability, and degraded structure. In the long term, the harvesting of logging residues 
can accelerate the process of soil acidification. According to Nilsson, the process of in-
take of cations by the roots, with a simultaneous release of acidity (H+), dominates over 
the intake of anions, leading to a gradual acidification of forest soil as the stand grows. 
This change is not continuous, since tree dieback sees the distribution of biomass trigger 
a reverse process by which nutrients are released and soil reaction neutralised. However, 
if the balance between accumulation and decomposition of organic matter in the lifetime 
of the stand is disturbed by intensive biomass removal, the acidification process begins to 
dominate. In practice, this phenomenon can be observed after some time passes from the 
moment of clear cutting, since as a result of the complete uncovering of the forest area, 
the pH reaction first decreases, particularly in the organic layer of humus. According to 
Nilsson, the process of biological soil acidification can theoretically be even more inten-
sive than the impact of acid and acid-derived substances introduced into the environment 
from the atmosphere, as generally regarded as acid rain. 

The removal of a large mass of nutrients from the forest ecosystem can be regarded as 
a transitional phenomenon, since each quantity of chemical elements lost as a result of the 
harvesting of raw timber can be replaced by mineral fertilisers. However, fertilisers can 
possibly have an adverse effect on the edaphon, primarily on mycorrhizal fungi, while 
some of the fertiliser substances inevitably penetrate beyond the ecosystem, to cause wa-
ter contamination or eutrophication. However, the ecological consequences of the remov-
al of organic matter are of importance for the forest environment. They primarily entail 
the interruption of a biological process of humus accumulation and its adverse effects on 
the biological condition of soil and the ammonification and nitrification processes. Soil 
without its humus layer is much more susceptible to eluvial processes and thereby to the 
movement of nutrients into deeper soil layers inaccessible to tree-root systems.

The enormous importance of organic matter for the shaping of physical, physico-
chemical and chemical properties of forest soils demands research to define the limits of 
biomass exploitation not threatening the depletion and degradation of forest soils. In the 
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case of coniferous forest habitats associated with soils formed from poor sands, the slow-
ly mineralising organic matter is a source of nutrients. The pace of the transformation is 
most often strongly limited by the acid reaction and low biological activity of these soils. 
The authors’ research carried out in coniferous habitats indicates a favourable effect of 
leaving logging residues in place, when it comes to the quantitative presence of organic 
matter and basic nutrients in forest soils. Ten years of research carried out on many ex-
perimental plots confirms a favourable effect of leaving biomass at a logging site. In the 
organic horizon of podsolic and rusty podsolic soils, a major accumulation of organic car-
bon, total nitrogen and soluble forms of phosphorus, potassium and magnesium is found 
where logging residues are left in place. Lower contents of these elements were found in 
the variant in which logging residues were harvested. In the mineral part of the soil (down 
to 20 cm depth), there was a less distinct, but visible tendency for the nutrient contents to 
be greater in soils where biomass had not been harvested.

It can thus be concluded that the harvesting of the entire tree biomass has an adverse 
effect on soil fertility, while this will steadily lower the more that the tree parts richest in 
mineral elements (such as needles, small twigs and bark), are left in the forest environ-
ment. It is also obvious that the adverse impact of the harvesting of the entire tree biomass 
will be most harmful in the poorest forest habitats.

Thus, in returning to the lead concept of the harvesting of forest biomass as part of 
bioenergy production, we need to ask: given that the demand for forest biomass on the 
energy market is so large, what level of harvesting of logging residues should be regarded 
as safe for the forest environment? The answer should define an environmentally safe 
quantity of biomass to be harvested, as well as the nature-related requirements – in most 
general terms, the preservation of an appropriate health condition for the future forest 
generation in conditions satisfying the requirements of ecosystems as regards biodiver-
sity. In addition to the nature-related factors, technical considerations should be taken 
into account. Indeed, unless the practical reality is considered, even the best theoretical 
solutions are hardly useful. 

In research carried out by us between 2012 and 2014, with a view to determining an 
environmentally safe technology for harvesting the logging residues of Scots pine, three 
basic technological options were considered:

 – harvesting of residues through their transport by forwarder from the logged area to 
the exit road, followed by their chipping and removal from the site,

 – harvesting of residues through their baling in the logged area, and the transport of 
bales to the exit road, followed by their removal from the site,

 – harvesting of residues through their direct chipping in the logged area, the transport 
of chips to the exit road, followed by their removal from the site.

In addition, two dates for harvesting logging residues were considered, i.e. soon after 
large timber had been harvested in the logged area or four months later. The research was 
carried out on three plots on which the technological and date-related options were rep-
licated three times. The logging was performed in the late spring (May, June), while the 
residues were harvested for the second time in October.

The research demonstrated that the harvesting of fresh logging residues included 83% 
of the entire biomass of tree-tops, but only 61% of dried-up residues (Table). Along with 
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the logging residues, about 50% of mineral elements were removed from the forest envi-
ronment when fresh material was harvested, and so was about 22% after desiccation had 
proceeded. Relatively the largest quantities of biomass (25% of fresh biomass and 49% 
of dried) and mineral elements (50% in the fresh residues and 84% in the dry) remaining 
in the forest environment where the technological option applied entailed the transport of 
residues to the exit road, followed by chipping. In turn, the largest quantities of biomass 
(85% of fresh biomass and 71% of dry) and mineral elements  (51% in fresh residues and 
28% in dry) were removed from the forest where the technology used entailed the baling 
of logging residues. In general, the quantities of the harvested mass of logging residues 
and elements contained in them are mainly determined by the moisture content of the 
organic matter. Thus, the harvesting of fresh forest biomass in forestry practice should be 
strongly discouraged.

Table. The effect of the technological option applied to harvest pine logging residues on the 
quantity of harvested biomass and its content of mineral elements (own research)

Element

Harvested as a percentage

total mass of logging 
residues and elements 

contained in them

harvested fresh logging 
residues 

harvested dried logging 
residues

1 2 3 1 2 3 1 2 3

Biomass 100 100 100 75 85 88 51 71 61

Carbon (C) 100 100 100 74 84 90 50 72 61

Nitrogen (N) 100 100 100 54 46 48 17 30 31

Phosphorus (P) 100 100 100 47 45 42 10 18 15

Potassium (K) 100 100 100 43 51 43 15 24 12

Calcium (Ca) 100 100 100 55 58 62 20 35 28

Magnesium (Mg) 100 100 100 50 53 55 20 34 27

1 – chipping on the roadside,
2 – baling of residues,
3 – chipping in the logged area.

On the research plots, the colonisation of timber by fungi was also analysed. The fol-
lowing categories of timber taken from the research plots were distinguished:

1. Fresh stumps (from a given growing period, several to a dozen or so weeks after 
cutting).

2. Old stumps (at least from the previous year’s cutting)
3. Old boughs
4. Fresh boughs
5. Old branches
6. Fresh branches
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The categories classified as “old” timber were taken from stands directly adjacent to 
the logged area. Samples were taken to the laboratory of the Department of Forest Phy-
topathology of Poznań University of Life Sciences, where they were prepared and fungi 
isolated. About 5-7 mm long pieces were taken from each sample and put on two kinds 
of medium on Petri plates. After a seven-day period of growth mycelia were removed and 
then identified on the basis of morphology and spores produced.

Mycelia emerging from a total of 2500 inocula were analysed and identified. The 
species or genus was determined in the case of 109 fungal taxa. 75% of fungal species oc-
curred in stump wood, while 25% could be found in bough and branch wood. 40% of taxa 
occurred in both stump and branch wood. In turn, 35% of species were related to stump 
wood only. A time-related fungal succession was found, and so was the fact that certain 
species left the wood, while others appeared. 38% of species were present in old wood 
only, while 22% occurred at the first stage of fungal succession in wood. 40% of species 
could be found irrespective of how long the wood had lain there. Regardless of the sample 
type, the most frequent fungal species included Lecythophora hoffmannii, Penicillium 
spinulosum, Sydowia polyspora, Trichoderma harzianum and Trichoderma viride. It is 
important to emphasise the common occurrence of antagonist species with respect to the 
pathogenic organisms colonising the wood – 10 species of the genus Trichoderma and 
Phlebiopsis gigantea. Considering that 3/4 of the occurring fungal species were related 
to stump wood and only 6% to fresh branch wood, harvesting of part of the biomass re-
maining after logging will not cause a depletion of the natural environment as regards the 
wood-related fungal community. That proportion of the species which will be removed 
with biomass will certainly colonise other wood in stands adjacent to the logged areas. 

Other auctorial research concerned the effect of the harvesting of biomass on the 
condition of young pine plantations; more specifically as regards the occurrence of 
tortrix moths and the feeding of Brachyderes incanus, Philopedon plagiatus and Lygus 
bugs. On the basis of the research carried out, it is impossible to demonstrate the effect 
of the removal of logging residues on the presence of Tortricidae. Petrova rexinella 
was recorded 81 times from areas where residues had been removed, while Ryacionia 
buoliana occurred only once. In turn, in the areas where residues had remained, Petrova 
rexinella and Ryacionia buoliana occurred on average 75 times and once, respectively. In 
the case of insects feeding on the assimilatory apparatus, the percentage share of damaged 
needles was comparable for both options of the experiment, i.e. on average 22% for the 
areas from which residues had been removed completely and 21% for the areas in which 
they had been left to decay. The shares of dead trees with the particular options were 
also similar, i.e. below 16% where branches had been removed entirely, and almost 14% 
where they had been left in the area. 

A separate issue, probably of the greatest importance as regards the preservation of 
biodiversity, be it of harmful forest entomofauna colonising and developing in logging 
residues or the species-specific diversity of parasitoids and predators feeding on it, is the 
manner of disposal of logging residues, and in particular the date on which they are taken 
out of forest. Analyses were carried out on selected plots within the Regional Directorates 
of the State Forests in Piła, Olsztyn and Białystok. The options adopted for observations 
and analyses were:
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a) the logging date:
 – winter,
 – spring,
 – summer,
 – autumn,

b) the means of disposal of logging residues:
 – shredding and leaving in a heap for later removal,
 – shredding and immediate removal,
 – remaining whole in the logged area for:
• 1–3 months,
• 4–7 months, 
• 8–12 months,
 – baling and removal of fresh residues,
 – baling of fresh residues left until autumn removal,
 – baling and removal of residues in autumn.

For phytosanitary reasons it is most convenient to log in the late summer, autumn 
and winter, with biomass then being removed through to the end of May (in the form 
of chips and bales). In the case of spring and early-summer logging (from March to the 
middle of July), logging residues should be removed, as an exception, immediately after 
large timber has been logged, or in justified cases in the late autumn, or preferably as 
late as in the following spring. The last date should be a mandatory one for Natura 2000 
sites. Such a need reflects the colonisation of spring and early-summer logging residues 
by many insect (beetle) species treated by foresters as pests (i.e. bark beetles, Rhyn-
chophora, Cerambycidae, Buprestidae). In their larval stages, these often provide a basis 
for the development of different parasitic Diptera and Hymenoptera which lay eggs in 
their bodies. For many parasitoid species they play the role of substitute hosts until the 
moment when primary hosts occur in forest ecosystems (e.g. bark beetles, Monochamus 
galloprovincialis, Pissodes, Phaenops cyanea or Phaenops formaneki), since parasitoids 
end their development after their host has been killed. To survive in forest ecosystems un-
til the next generation of their primary host appears, they must find substitute hosts. This 
usually takes time till the next growing season. In principle, residues should not therefore 
be removed from logged areas in the autumn, since the entire useful entomofauna is then 
removed from the forest, depleting forest ecosystems in poorer sites in this way.

There is a similar situation in the case of logging performed over longer (3–5-month) 
periods, when the individual timber grades are “taken out” from the cut stand, depending 
on the customers’ wishes. In such a case, even for logging started in the winter and lasting 
until May-June the whole post-logging material should preferably only be removed in the 
following year, in order that no substantial harm should be done to the forest ecosystem. 

In summing up the research results achieved at the Faculty of Forestry of the Poznań 
University of Life Sciences, it should be noted that the harvesting of logging residues as 
a source of bioenergy in dry coniferous forest or degraded fresh coniferous forest sites 
should be fully prohibited, given the drastic depletion of forest ecosystems that ensues. In 
the case of fresh coniferous and fresh mixed/coniferous forests, logging residues may be 
harvested under specific conditions that mainly include resignation from the harvesting of 
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fresh biomass, and compliance with biomass removal dates correct from the phytosanitary 
point of view.

Irrespective of the provisions of the law in the new Act on Renewable Energy Sources, 
Polish forestry has a permanent link with national policy on energy. The purpose of this 
relationship is primarily to protect forests against excessive exploitation, but also to 
safeguard the needs of the Polish energy sector regarding forest biomass as an important 
source of bioenergy. As a result of the growing share of renewable sources in the overall 
energy balance the biomass market can be expected to develop further.

The research results presented in this paper were obtained through projects commis-
sioned and funded by the General Directorate of the State Forests. We are grateful for its 
assistance.  
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Introduction

Each anniversary and each milestone date encourages reflection on the events that have 
led to them and brought them about. This year, inter alia, we in Poland celebrate the 85th 
anniversary of the foundation of the Forest Research Institute, the 90th anniversary of the 
establishment of the State Forests, the 200th anniversary of the foundation of the Institute 
in Marymont – the beginnings of SGGW (the Warsaw University of Life Sciences), and 
the 200th anniversary of the Special School of Forestry – another ancestor of SGGW, and 
specifically of its Faculty of Forestry. We are also coming close to the 20th anniversary 
of the approval of the National Policy on Forests by the Council of Ministers. We have 
already entered quite far into the 21st century, which even a dozen or so years ago seemed 
a milestone that would bring important changes and major uncertainty. Today we can 
venture to revise the views and forecasts formulated not so long ago, taking into account 
the present state of forestry, the forest sciences and forest education. On the one hand, it 
is surprising how many forecasts made a dozen or so years ago remain valid, and, on the 
other, interesting to see how many were wrong, or have lost their significance, particular-
ly given the extremely dynamic changes unfolding in the world around us. 

What is the forestry of the 21st century like, and what challenges does it face? It is im-
possible to answer this question unequivocally, since the factors affecting the functioning 
of contemporary forestry are on many levels, and derive from many sources. There are 
circles that treat the 21st century as the determinant of something new, and as a signal for 
necessary change. At the same time, different groups at different levels are still trying to 
determine the present state of the environment, to indicate the challenges which the “new 
times” bring, and to propose ways of coping with them.

Forestry in the 21st century

The element to be considered by all analyses of factors affecting forestry in Poland is the 
fact of its European Union membership. This automatically denotes functioning under the 
conditions set by many different international regulations and agreements. One such doc-
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ument is the strategy for forests and the forest-based sector, adopted at EU level for the 
2014-2019 period, and hence providing the key benchmark reference point for sectoral 
and cross-sectoral policies, as well as presenting the latest directions to development in 
contemporary forestry (Paschalis-Jakubowicz 2014). In Poland, objectives and priorities 
as regards forest management were set out formally in the Act on Forests of September 
1991 (the 1991 Act), and in the National Policy on Forest adopted in 1997 by the Council 
of Ministers (the 1997 NPF).  Poland’s  Act on Forests is recognised as one of Europe’s 
– and the world’s – most comprehensive, but also as one that preceded such important 
international initiatives as the 1992 Earth Summit in Rio. In turn, the NPF has as its pri-
mary goals the protection and preservation of the multi-functionality of forests and their 
role in the shaping of the natural environment, in accordance with the present and future 
expectations of society in the circumstances of ever-changing natural and socio-economic 
reality. Another task of the Policy is to shape an appropriate attitude in society. The NPF 
tools include the enhancement of forest resources; the improvement of the condition of 
forests, and their protection, the elaboration and promotion of a balanced and sustaina-
ble multi-functional forest economy, the comprehensive protection of forest resources 
through the programme of Promotional Forest Complexes (LKP), measures to strengthen 
the ecological, productive and social functions of forests, as well as the establishment 
of legal, economic and organisational frameworks for the regeneration of stands and the 
rehabilitation of forest ecosystems on private forest properties.  

But changes unfold very quickly in the contemporary world, and the key Polish doc-
uments setting out directions for forest management did not, for example, anticipate EU 
membership, and that the conditions under which forest management is implemented 
would therefore change markedly through the introduction of the Natura 2000 pro-
gramme. It also neglected the idea that ICT would become such a major part of everyday 
life, or that the forecasts included among the assumptions of the documents in question 
would become outdated so relatively quickly – on the one hand, because some of the pro-
posals they set out would actually be implemented, and, on the other, because society’s 
preferences would change in such fundamental and far-reaching ways. 

Furthermore, improved processes of monitoring and forecasting the state of forest 
resources and planning for their management have combined with the establishment of 
a modern databank on forests under different ownership, the implementation of advanced 
data processing technologies, the implementation of Large Area Forest Status Inventorying 
and the running of nature inventories to supply a great deal of new information on the state 
of Poland’s forest resources, and the directions to their development. This information all 
makes it necessary to revise foresters’ plans for the future. One result of the implementation 
of the NPF was to be “the enhanced possibility of annual logging in forests under all 
ownership forms from 21 to 24 million m3 after 2010”. In fact, in the case of 2010 Poland’s 
Central Statistical Office (GUS) reported logging of large timber at the level of almost 34 
million m3, and we are achieving 2 million m3 more today. It was likewise assumed that “the 
timber resources in forests will grow by about 15% up to 2020”, when in fact we today have 
more than 2.4 billion m3 in forests, as compared with the 1.6 billion m3 reported for 1997 
(GUS 2005, 2014). On the other hand, it was optimistically assumed that the level of public 
knowledge of forests, their protection and uses would improve, however, despite intensive 
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education on nature and forests or messages disseminated for many years, and particularly 
since International Forests Day, a major proportion of the Polish population still believe that 
“forests are on the wane in Poland”. Forestry continues to be marginalized, not only in society 
as such, but also within the fields of  nature conservation and environmental protection, 
even though 2/3 of Poland’s biodiversity can in fact be found in forests (Grzywacz and 
Marszałek 2007). The moment came for a re-exploration of the conditions underpinning  
the functioning of forestry, and for the  proposal of new directions of development. For 
this reason, 2012 saw a start made to work on a National Forest Programme that should be 
completed, on schedule, in 2015. 

There is no doubt that among the abovementioned processes and factors shaping 
contemporary forestry the most important ones include globalization, demographic and 
climate change, the need to protect biodiversity and to meet the changing social expec-
tations. Even today we do not know the value of forests and their particular functions 
(especially, including their non-productive functions). The challenge is enhanced by the 
growing demand for timber and the related need to increase and maintain its production 
(Szujecki 1998, Rykowski 2013). Therefore, it is necessary to introduce such mecha-
nisms of the functioning and financing of forestry which will enable the implementation 
of forest management, in accordance with the still valid and important principles of sus-
tainable development (Paschalis-Jakubowicz 2012). Foresters – not only those who work 
in the field, but also those who carry out scientific research and educate human resources 
– must cope with these challenges, which are often mutually contradictory. 

The status of forest sciences and research 

It is not easy to assess the status of Polish knowledge. This is a result of such factors as 
research outlays, the algorithm for the allocation of financial resources, the system of 
promotion in science, the employment and assessment of scientific staff, the field and 
discipline of science, the participation of industry and business in the commissioning and 
funding of research and development work etc. The effectiveness of researchers’ efforts 
can be measured by means of different indicators. One measure of a given country’s po-
sition in the world of science concerns its share of scientific publications within the world 
pool (Paschalis 1997). In one such ranking, SJR (SCImago Journal & Country Rank), 
Poland this year takes 19th place in the overall standings, though only 25th in the field 
of forestry. However, results like this should not be considered in isolation of the exter-
nal factors that shape them, given for example that Poland takes 43rd place in the world 
where outlays are concerned (http://www.indexmundi.com), spending 0.74% of its GDP 
on research and development. Assessments carried out using different types of indicator 
cannot therefore be taken at face value, with no account taken of the broader context. 

Despite its complex historical and geopolitical situation, Poland has had a long history 
in the field of forest sciences, with many achievements. The periodical “Sylwan” has 
appeared since 1820 and is the oldest forest science journal in the world, though it was 
only several years ago that it was included on world lists of renowned journals. Poland was 
one of the founders of the European Forest Institute and since the very beginning Polish 
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forestry faculties and research institutes have been members of  IUFRO. The results of the 
research carried out by Polish scientists have been published in significant international 
journals and they themselves are invited as experts to participate in many international 
projects. Despite these positive effects, given the obvious internationalisation of science, 
Polish forest research is influenced by the processes unfolding in the world. According 
to the Center for International Forestry Research (CIFOR), the status of nature-related 
research at the end of the 20th century was insufficient to provide the level of knowledge 
corresponding to the contemporary challenges (Paschalis 1997). These problems were also 
discerned in Poland. Many times the results of discussions and analyses of the status of the 
forest sciences in our country - and suggestions regarding concepts for  their development 
– were published  (e.g. Bernadzki et al. 1983a, 1983b, Grzywacz and Prusinkiewicz 1986, 
Grzywacz and Bernadzki 1990, Paschalis 1997). The authors of the National Policy on 
Forests stated that, if the objectives of forestry in the conditions of climatic uncertainty 
and the long timber production cycle are to be attained, it will be necessary, for example, 
to intensify research on changes in the natural environment and their impact on forests 
and the functions which they play. There was also a defining of the scope and directions 
of research designed to support forestry, including the monitoring of the condition of 
forests and the levels of threats they face, with these serving in the forecasting of changes 
in these elements, and work on the dynamics and equilibrium of forest ecosystems, as 
well as on the protection and use of the forest biodiversity potential, Then there was work 
related to ecological forest engineering and safe techniques and technologies of forestry 
operations, and studies on new forest models and the strengthening of the versatile 
usefulness of forests in the economy and social life of the country, and studies to improve 
monitoring and forecasting of changes in the status of forests and the threats to them. An 
obvious condition for the implementation of the research of this type is the development 
of facilities supporting it, as well as cooperation with foreign centres and the development 
of human resources (the 1997 NPF). 

The implementation of scientific research at a high level (where this concept concerns 
both the innovativeness of solutions and the feasibility of their pursuit in practice) re-
quires an adequate financing system. In the case of forestry, the mobilisation of funds for 
research and development work from public sources (the Ministry of Science and Higher 
Education, the National Science Centre and the National Centre for Research and Devel-
opment) and foreign sources (EU funds) requires, on the one hand, high-quality human 
resources with documented achievements, and, on the other hand, the establishment of 
interdisciplinary research teams. This reflects the contemporary trends in world science 
and responds to the present factors affecting forestry. On the other hand, because of the 
financing system, and with the average duration of grants being 3 years, it is difficult to 
use these resources to finance fundamental and interdisciplinary forest research, using in 
many cases data from permanent experimental plots which have been collected for dec-
ades. In this respect, we have to use the legacy from our predecessors or acquire resources 
from other sources. These sources relate directly to the forestry sector, including in par-
ticular to the State Forests National Forest Holding, for which the activities following the 
idea of “sustained and sustainable forest management” are natural ones and carried out 
every day. However, this requires proposals of such activities which may translate into 
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practical activity on the part of foresters, as well as the pursuit of forest policy in such a 
manner as to ensure benefits for present and future generations. However, these results 
must be applicable in the foreseeable timeframe (Paschalis 1997, Kapuściński 2011). This 
is a new approach in which applied research becomes at least as important and ”prestig-
ious” as fundamental research, and in many cases simply makes fundamental research 
possible, while the latter research really becomes the “basis” for creating practical solu-
tions in  conditions of uncertainty (Szujecki 1998, Czerepko 2006). As a result of this, it 
becomes possible to balance the pure wish to know and seek the truth and the need for 
science to develop as a way of solving important natural and social problems. Moreover,  
new research directions are initiated, particularly those relating to the application of ad-
vanced technologies in forestry and to its social aspects. 

To ensure the further development of the forest sciences, it is necessary to draw on 
previous experiences, and to be open to new solutions. It is only due to close relationships 
between foresters and practitioners and foresters and scientists that the correct relationships 
can be worked out between science and practice (Kapuściński 2011) and the development 
directions then indicated. In the Polish conditions, such cooperation does not necessarily 
have to mean direct sponsoring of research by the State Forests. In recent years, the State 
Forests National Forest Holding has become actively involved in applying for funds to be 
spent on science and research from external (including international) sources, as a directly 
involved partner (e.g. BIOSTRATEG, LIFE+) or a supporting or monitoring institution 
(e.g. the EU Framework  Programmes, Horizon 2020). In such a case, the participation 
of the State Forests extends a guarantee to financing institutions in the understanding that 
proposed research themes fall within the range of interest of economic partners, and that the 
results will be implemented in practice and will bring tangible economic and social benefits.

Forest education in the 21st century

Contemporary forest education must be considered in relation to many aspects, depend-
ing on the target groups to which it is addressed. On the one hand, it is meant for profes-
sional foresters, and, on the other, for the public (as divided into many groups, often with 
mutually exclusive expectations). These two levels are governed by different processes 
and mechanisms and have different objectives. 

The nature and forest education of the public in Poland, particularly the education 
delivered by the State Forests, has undergone enormous development (Grzywacz 2007). 
It seems that there is no State Forests unit in our country which does not engage in forest 
education, does not develop infrastructure for the purposes of this education and does not 
improve the employees who work in this field. It is often on a cyclical basis that confer-
ences, symposia, workshops and training courses are held - on topics related to nature 
and forest education. The forest sector periodicals (but not only) publish numerous arti-
cles on these subjects. Finally, there are studies which are designed primarily to explore  
needs and assess the effectiveness of educational activities (e.g. Żornaczuk-Łuba 2007).  
international initiatives are also undertaken to exchange experiences and integrate the 
community of foresters who are involved in forest education in Europe e.g. the Forest 
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Communicators Network (Żornaczuk-Łuba 2009). The process of educating the public 
continues and seems to respond to public demand; though, on the other hand, the scale of 
the activities undertaken is insufficient (Grzywacz 2007), and, in many cases, particularly 
in the scope of the formal education of children and young people, the contents related to 
forestry are still marginalised and delivered in an incorrect manner or at least in an inexact 
manner (Czołnik i Roźmiarek 2012). 

The present situation of professional foresters’ education is also complex. It results 
from both the different situation of forestry and the education systems in particular coun-
tries and regions of the world, and on the different social expectations. There is no doubt 
that the common denominator of the different educational concepts can be the paradigm 
of sustainable forest management. As a result of this, and for example as provided in 
the Polish National Policy on Forest, it is necessary to develop the curricula of the sec-
ondary and higher forest schools aiming to expand knowledge of forest ecosystems and 
landscapes, biodiversity protection, ecological forest engineering, the pursuit of the eco-
logical and social functions of forests, spatial planning, forest management and admin-
istration, as well as the trade in forest products and services in the new socio-economic 
conditions and the new model of forest management. At the same time, as different au-
thors have noted, the hierarchy and necessity of meeting these needs in different countries 
vary, there are different research needs within forestry, there are different systems by 
which research is financed and different levels of feasibility where the implementation of 
research results in practice is concerned (Paschalis-Jakubowicz 2012). As a result, for-
estry education must on the one hand be internationalised and interdisciplinary, making 
major and concerted use of the results of advanced scientific research, while on the other 
hand being very closely connected with local conditions and focused on practice and the 
solving of specific problems occurring “in the here and now”. In line with these two levels 
of needs and objectives, the last two decades have seen higher forest-related education in 
the world as a whole and in Europe undergo an essential transformation. On the one hand, 
this is causing the disappearance of the classical education course in “forestry” from 
European universities, with the integration of the subject matter into its broader environ-
mental and spatial context, while on the other it is generating a clear demand for practical 
education, on the part of both employers (Schmidt et al. 2014) and students (e.g. the 2010 
Conference). This phenomenon has been enhanced by the implementation of studies in 
accordance with the Bologna Declaration: the education in the 1st cycle of forest studies 
in Western Europe, especially Germany, has most often been delivered in smaller, less 
prestigious establishments, while the universities that traditionally offered higher forest 
education have rather focused on the 2nd and 3rd cycles of studies.

For many years now attempts have been made, at both international and domestic lev-
els, to elucidate a modern approach to higher forest education and to internationalise that 
approach. The aim of the SILVA network (https://www.silva-network.uni-freiburg.de), 
launched in 1989, is primarily to stimulate and support European cooperation in forestry 
education and an exchange of information on curricula and the development of common 
studies, to the extent that exchanges of students are possible. The annual conferences of 
the Network address the problems of contemporary  higher education for foresters, and its 
materials are posted  cyclically on its websites. The Conference of Deans and Directors of 
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European Forestry Faculties and Schools (ConDDEFFS, http://www.forestrydeans.eu), 
established in 2009, associates the persons who head the European institutions educating 
foresters at a higher level, in order to strengthen their cooperation, improve the quality of 
education and affect the social and political environment together. In line with the new 
developments in forestry, even within the framework of the International Union of Forest 
Research Organisations (IUFRO) – as an organisation focusing on forest research and 
science, a Task Force on “Education in Forest Science” (TF EFS) was established in 2011 
to support the development of education standards, using the most recent directions and 
achievements of contemporary forestry, and to elaborate an education model responding 
to contemporary challenges. The task of the TF EFS is, in particular, to develop modern 
university curricula of forest studies taking into account graduates’ competences, adapted 
to the needs of the contemporary labour market and responding to the social demand 
(Bijak et al. 2012). 

For many years an interest in the development of foresters’ education and its adaptation 
to changing conditions has also been observed in Poland. Every few years studies have 
appeared containing analyses of trends in forestry and education and proposing directions 
for necessary changes (e.g. Grzywacz and Gajda 1992, Grzywacz 2003). A discussion has 
taken place on the role of the secondary forest schools (e.g. Grzywacz 2011). It is significant 
that today, in addition to the natural and common activities of the university-based forestry 
faculties in Kraków, Poznań and Warsaw, often pursued with the participation of domestic 
and foreign partners, the main employer of foresters, i.e. the State Forests National 
Forest Holding, has become more strongly involved than ever in efforts to improve the 
competences of human resources. One manifestation of its involvement is the financing of 
research and development projects designed to better prepare foresters for their work. One 
such project concerned “Job descriptions of the management staff of a Forest District as an 
element of the human resource policy of the State Forests National Forest Holding”, which 
had among its aims the setting of requirements for employees in management positions 
in a Forest District, on the basis of usable personal data and with account taken of the 
effects of education and the National Qualifications Framework (Gruchała 2009, 2011). 
The effort was pursued further in a project called ”The development of the competences of 
the human resources of the State Forests”, within the framework of which career pathways 
were elaborated e.g. for selected positions in Forest Districts and the Regional Directorates 
of the State Forests, and a lifelong learning model was proposed for SF foresters (Gruchała 
2014b). Another example of similar activities is a project completed this year, on “The 
determination of the curricular requirements for university-based forest studies, taking into 
account the needs of the implementation of forestry in the 21st century”. Its purpose was 
to answer a question regarding the identity of the model for the education of foresters at 
university level, irrespective of the region of the world; and to improve and modernise 
the practical side of higher forest education, in particular by using innovative educational 
methods and tools (Paschalis-Jakubowicz 2011, 2012, Stereńczak et al. 2012). One tool 
used within the framework of the research - the results of which were implemented in the 
course of the project - was an assessment of the assumptions regarding the use of forest 
knowledge by graduates of university-based forest studies in Poland, in the light of the 
employer’s requirements (Gruchała et al. 2014a).
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Conclusion

The status of forest science and education presented here indicates that both areas have 
mechanisms in place responding to ongoing changes in forestry and in the world as a whole. 
Despite their traditional conservatism, foresters cyclically ask themselves, and recently oth-
er circles also, about “status and prospects”, in order to determine directions for activi-
ties adapted to the changing reality. Increasingly courageously and willingly, foresters are 
opening themselves to the areas surrounding forestry, in order to cooperate with specialists 
in many fields, as they draw on experiences and seek to avoid past mistakes. At the same 
time, they do not neglect the achievements of their predecessors where the development 
of science and education is concerned. Today, too, as we read the studies and statements 
published long ago by deans, rectors or eminent professors, we can be surprised by the 
topicality of the issues they raised and the innovativeness of the solutions they proposed. 
Although more often than not their studies contain inexactitudes or mistaken forecasts, the 
development of research, modern scientific methods and concepts still makes it possible to 
correct more fully and more quickly this basic information, and to perform more accurate 
analyses, despite the rapidly changing environment. The involvement of the State Forests 
and other institutions of practical forestry in the implementation of scientific and educa-
tional projects makes it possible to give the correct direction to activities undertaken in this 
area. At the same time, the human resources related to forestry and its environment have 
opportunities to gain knowledge and competences at such a level and to such an extent as 
is required by the present needs of the labour market and the challenges facing employees, 
while more and more excellent lifelong learning systems are developed to allow for the 
upgrading of competences in line with ongoing changes, and often to do so before they 
take place. Despite the complex and often difficult situation of forestry in today’s world, 
this makes it possible to look forward with optimism. When all is said and done, the future 
has always been the most important reference point for forests and foresters. Indeed, as the 
latter plant a forest today, they must as ever deploy their powers of imagination to predict its 
status in the proverbial “hundred years from now”.
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POSTERS SESSION

The translations of poster titles are those from the authors themselves. 
The text makes interchangeable use of two abbreviations for Instytut Badawczy Leśnictwa,  
i.e. IBL (from Polish) or FRI (from the English-language equivalent – Forest Research Institute).
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FORECROP STANDS OF SCOTS PINE ON FORMER AGRICULTURAL 
LAND IN THE CARPATHIANS

Sławomir AMBROŻY

The forecrop in question is on post-agricultural land and is most prevalent in the Beskid Są-
decki and Beskid Niski ranges of hills, as well as the Western Bieszczady Mountains. More 
than 70,000 ha is covered, this representing about 1/4 of the forest in the areas in question. 
Forest with Scots pine takes up the largest area, of about 40,000 ha, with remaining land 
mainly under grey alder. The pine stands in question were embraced by research in order 
that the directions to succession and changes in stand structure could be determined.

What are at present the initial stages of development of pine stands on post-agricultural 
land are located at sites occupied by meadow associations of the alliance Arrhenatherion 
elatioris. Meadows not serving farming purposes are in fact taken over spontaneously by 
pine, with an unstable successional stage then formed, which has something of the character 
of the plant community with Pinus sylvestris and Agrostis capillaris. Further succession 
develops in the direction of communities and associations of class Querco-Fagetea and 
order Fagetalia sylvaticae. Depending on the habitat conditions, the direction of succession 
differentiates towards a number of associations and communities of the alliances Carpinion 
betuli, Fagion sylvaticae (suballiances: Dentario glandulosae-Fagenion, Luzulo-Fagenion, 
Galio rotundifolii-Abietenion) or Alno-Ulmion. As a result, in the Beskid Niski range, phy-
tocoenoses can be seen to be developing in the direction of: Tilio-Carpinetum typicum, 
T.-C. luzuletosum; the montane and sub-montane forms of Dentario glandulosae-Fagetum 
typicum, D.g.-F. allietosum, D.g.-F. lunarietosum and D.g.-F. festucetosum drymeyae, as 
well as Luzulo luzuloidis-Fagetum typicum, a community with Abies alba and Rubus hirtus 
and the association Caltho-Alnetum.

Substantial differentiation of the directions of succession can also be found in the West-
ern Bieszczady Mountains. However, unlike in the Beskid Niski Mountains, no succession 
was found here towards Tilio-Carpinetum luzuletosum, the mountain form Dentario glan-
dulosae-Fagetum allietosum or Caltho-Alnetum. The most limited diversity of directions 
to the succession of pine stands on post-agricultural land was found in the Beskid Sądecki 
Mountains, where phytocoenoses developed into certain associations and communities 
also occurring in the other two physiographic regions, i.e into: Tilio-Carpinetum typicum, 
montane or sub-montane forms (of very limited range) of Dentario glandulosae-Fagetum 
typicum, Luzulo luzuloidis-Fagetum typicum and a community with Abies alba and Rubus 
hirtus, as well as into the association Lunario-Aceretum pseudoplatani found here in its 
mountain form. The degree of advancement of the succession process in pine forests on 
post-agricultural land, expressed in terms of the systematic value for group species from the 
class Querco-Fagetea, is generally very high.

Scots pine stands on post-agricultural land in the Carpathians have an even-aged, 
one-layer and, as a rule, pure pine structure, at least until the advanced stages of the pro-
cess of species conversion. The middle-aged pine forests prove to be most diversified, 
as a result of the impact of modifying factors such as abiotic damage, damage caused 
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by deer, the light conditions inside the forest and the competition between pine and the 
species entering in the succession process or introduced in the course of stand conversion. 

The aim of the strategy of silvicultural measures should focus on restoring the 
biodiversity of forest communities on post-agricultural land, as defined by the directions 
of succession. The main criterion for selecting methods should be the diversification of 
pine phytocoenoses on post-agricultural land in three main categories (initial stages 
of development, dense middle-aged pine stands and communities developed as a result of 
stand disintegration), as well as – within these – the character and degree of advancement 
of regeneration tendencies.

MONITORING THE CROPS OF THE MAIN FOREST TREE SPECIES  
IN POLAND (1951-2013)

Ewa ANIŚKO, Danuta GRABIEŃ-PIENIĄŻKIEWICZ, Szymon JASTRZĘBOWSKI,  
Władysław KANTOROWICZ, Hanna LIPIŃSKA, Jan MATRAS 

The balance between the demand for seeds exerted by the State Forests and the capac-
ity to collect seeds provides the basis for rational seed management and the creation 
of seed reserves, particularly in respect of those species characterised by masting, or 
irregular seed years. For this reason, monitoring of the seed yields of the main for-
est-forming species, i.e. Scots pine, Norway spruce, silver fir, European larch, sessile 
oak, pedunculate oak and European beech, has been carried out in Poland since as early 
as 1948. The data collected every year by the IBL’s Department of Silviculture and 
Forest Tree Genetics come from questionnaires filled in by the Forest Districts. On the 
basis of them, an annual report is issued as regards seed yields and the expected seed 
crop in the current year. 

Mast production is determined on a four-point scale, where a lack of masting (0%) 
indicates no trees at all in fruit, while weak masting (10%) suggests that only single 
trees on the margins of a stand produce fruit. Moderate masting (30%) in turn implies 
that numerous trees on the edges of a stand are in fruit, along with a small percentage of 
those further into the stand. Finally, strong or good masting (100%) indicates that a great 
proportion of all the trees throughout the stand are fruiting.

Compared with earlier periods, the last decade has brought a distinct increase in the 
crops of seed being produced by forest trees, in terms of both frequency and yield. This 
trend is to be noted for all of the species monitored, but is particularly evident in the case 
of Norway spruce, silver fir and European beech. The average crop of silver fir in the 
2004-2013 period was 38.1%, whereas the average from 1951–2003 was 11%. Compared 
with the average from the whole observation period, over the last decade the crop of Eu-
ropean beech has almost doubled to reach 23.3%. It is interesting to note that seed crops 
occurred alternately in the northern and southern parts of the country.
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In the case of Norway spruce, the upward trend has been less distinct. The difference 
between the crop in the last decade (27.6%) and the average from the 1951–2003 period 
was only 10.8%, whereas the frequency of seed years grew. Since 1991 nine years have 
been recorded with an average seed crop for this species. In the years 1951–1991, a similar 
crop percentage was found only six times. A similar phenomenon could be observed in 
the case of the other tree species. 

The reasons for enhanced seed crops and frequencies of seed years have not yet been 
identified, though climate change and the related climate warming have been proposed 
among the possible hypotheses. Nor are there as yet models by which to predict further 
possible changes in this respect.

ENHANCING WATER RETENTION IN FOREST HABITATS – NEED, 
MEANS AND EFFECTS

Andrzej BOCZOŃ, Magdalena JANEK, Edward PIERZGALSKI, Jan TYSZKA,  
Michał WRÓBEL, Andrzej STOLAREK 

Conditions as regards the supply of water are among the major factors determining the 
stable development of stands. Since the 1980s there has been a marked trend for ground-
water levels in forest areas to fall, with river runoff also declining. The reasons for these 
phenomena may include climate change, anthropogenic activities and the growing needs 
of stands in relation to increased habitat fertility and productivity.

The evident deterioration in water conditions in forests necessitated the launch of re-
search to determine the scale and impact of climate change on the transformation of forest 
habitats, and the ways in which unfavourable trends might be limited, inter alia through 
retention projects under different habitat conditions. The need to implement projects to 
enhance retention capacity in forests can be seen throughout Poland, while the factors ham-
pering projects for small-scale retention are financial capabilities of the Forest Districts, as 
well as problems encountered at the project-design and implementation stages. Most Forest 
Districts have no accurate records of water facilities, while the employees responsible for 
water management are not sufficiently prepared as regards their specialised knowledge. 
There is also no adequate monitoring of phenomena relating to water conditions.

Research on the functioning of retention facilities indicated, inter alia, that:
– the impact of bodies of water on stands depends mainly on the correct choice of 

parameters for the given reservoir, this depending in turn on the hydrogeological con-
ditions in the vicinity. Research within Sarnaki Forest District indicated that the impact 
of a new body of water can be positive, though there may also be an adverse effect on 
the growth of stands;

– the analysis of structural solutions applied in the building of reservoirs within the 
framework of PHARE in the 1990s (in the Noteć Valley and the Sudety Mountains) in-
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dicates that most were erected as dam reservoirs, which only a small number were dug. 
Overall, their condition and functioning can be assessed as good, though exploitation 
levels vary, and some elements require repairs, silt removal, cutting of vegetation, etc.;

– water conditions are shown to be a basic factor in the renaturalisation of wetlands 
(in research on the drained Biele forest wetlands) – initiation of desirable plant succession 
requires the determination of the location of groundwater ensuring adequate wetting of 
the topsoil – in typical peat and muck soils, the water level should be present at depths 
20-55 cm below the surface;

– the assessment of the effects of constructing artificial rapids along the watercourses 
flowing through the Białowieża Forest indicated that, in the vicinity of these sills, the wet-
ting of topsoil increased significantly, while the amplitude to water-level changes decreased 
and ponds emerging in front of the sills assumed quite major importance for the forest fauna. 

INTERACTIONS BETWEEN SYMPATRIC CARNIVOROUS SPECIES, 
I.E. THE WEASEL (MUSTELA NIVALIS) AND STOAT (M. ERMINEA) – 
COMPETITION OR COEXISTENCE? 

Zbigniew BOROWSKI

Coexistence mechanisms and interactions between two sympatric species of predatory 
mammal – the stoat and the weasel – were investigated in the area of Poland’s Biebrza 
National Park. At the outset, it needs to be noted that the rabbit (Oryctolagus cuniculus) 
– a species alien to the Polish fauna – does not occur in the research area, this being of 
importance given the status of the species a key prey for the stoat, whose presence would 
therefore be certain to affect the relationships between the two. The analysis thus concerned 
the structure and dynamics of the populations of weasel and stoat, as well as of the root vole 
(Microtus oeconomus), given the status of this rodent as the basic prey of both predators. 
Research was conducted when the root vole was at the low, growing and high stages of 
its population cycle. A total of 70 weasels and 7 stoats were caught in the study area, the 
sex structure to this sample being 1:1.9 in favour of males in the case of weasels, and 6:1 
in favour of females among the stoats. Weighing made it clear that large male weasels (of 
body weights in the range 120-140 g) very much coincided in size with female stoats. This 
further strengthens the contention that trophic niches in the two species are not separated, 
and that fierce competition for food must therefore ensue. However, the predators do differ 
where the rhythm to their daily activity is concerned, the weasel being active during day-
light hours, while the stoat pursues both diurnal and nocturnal activity. Although both of 
the small carnivores make use of sedge meadow habitat, while avoiding forests, the stoat 
is found to show a preference for more elevated areas with scrub, while the weasel tends to 
use open sedgeland. Only in the winter do habitat preferences in the two species again look 
similar, with elevations overgrown with scrub being utilised by both. 
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Overall, given the similar body dimensions and identical food base, the degree of 
overlap of the trophic niches of the weasel and stoat populations studied would have 
to be regarded as very marked. The aforesaid differences in daily activity patterns, 
do not reduce the competitive interactions present, and the use of habitat is similar at 
the macroscale, with differences only noticeable at the level of the microenvironment. 
The species in question do respond differently to changes in food resources, i.e. to the 
dynamics displayed by populations of the root vole, as the basic dietary component of 
both predators. When the population of voles is at its lowest, the stoats are basically 
found to be absent, only appearing again as numbers of prey rise. In contrast, weasels 
were shown to be present during the entire analysed part of the rodent’s population 
cycle. This suggests that, at times of low population densities of the root vole, stoats 
migrate out of the area dominated by that prey species – to environments richer in food. 
In contrast, irrespective of vole population densities, weasels remain in the same area. 
The presence of both predatory species in the same areas during stages of rapid growth 
in the populations of root voles thus offers indirect evidence that competition between 
the two predators is actually absent at these times, with the basic element shaping coex-
istence between the weasel and the stoat being the (super-) abundance of the food base.

FACTORS DETERMINING POPULATION DYNAMICS OF THE ROOT VOLE

Zbigniew BOROWSKI, Aleksandra MALINOWSKA

Long-term population cycles are among the most interesting and, at the same time, in-
triguing of ecological phenomena. Scientists since Elton (1924) have been fascinated 
by questions as to which factor(s) generate(s) the cycles that characterise populations of 
small mammals. Among the many hypotheses attempting to explain the phenomena, the 
only two not to have been falsified concern predation and the quantity or quality of food. 
The authors’ experiments and field surveys thus attempt to estimate the impact of special-
ised predators (birds of prey and small mustelids) on the dynamics to cyclically-variable 
populations of the root vole inhabiting Poland’s Biebrza National Park.

The rodent population in question was monitored for a year at three permanent capture 
plots. In parallel, observations were made of diurnal birds of prey present in the vicinity 
of these plots. Once these observations had been completed, an experiment excluding 
bird predation was run and – quite unexpectedly - it did not prove possible to establish a 
dependence relationship between the frequency of visits by birds of prey and the rate at 
which the population of root voles grew. Nevertheless, the exclusion of predation by birds 
made it clear that predators of this group might indeed give rise to a high rate of mortality 
in the population of root voles, but only in early spring.

In monitoring population dynamics for weasels and stoats, as well as of root voles as 
their main prey, predation on the part of small mustelids was precluded. No time-shift to 
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the dynamics of the population of weasels was to be observed as a delayed response to 
the dynamics of the population of root voles. Populations of neither mustelid were able 
to exert a significant impact on the rate of growth of the root-vole population, though the 
density of population of voles did condition the abundance of both weasels and stoats. 
The experiment excluding predation by the latter, which was run as the population of root 
voles was already in its decline phase, did not affect or reverse the downward trend, and 
had no effect on survival among root voles either. 

It was thus clear that neither of the analysed groups of predators, comprising small mustel-
ids or birds of prey, was able to generate the delayed density-dependent response that would 
generate an endogenous cycle in the population of root voles. Rather, survival among the latter 
is seen to depend on body weights among the voles, and thus varies with the stage in the pop-
ulation cycle. The highest mortality rate in the rodent population investigated characterises the 
second half of winter – a fact that perhaps attributes population cycling to the quality of food 
resources; though this is clearly a hypothesis in need of empirical verification. 

MOLECULAR BIOLOGY IN THE MANAGEMENT OF GAME 
POPULATIONS

Zbigniew BOROWSKI, Marek PUDEŁKO, Kamil KRYSIUK

The development of new molecular techniques which has taken place over the last 30 
years has created an imposing set of genetic tools that are also of use in what can be 
conceived broadly as nature research. The most important relevant advances include the 
design of new molecular markers, the automation of laboratory equipment carrying out 
analyses and a considerable enhancement of the computing power of computers. 

The use of the new analytical methods relating to a larger number of molecular mark-
ers has allowed the genetic diversity of species and populations to be assessed, as well as 
the extent of inbreeding. Monitoring of animals’ movements has also been facilitated, as 
has the identification of new – often cryptic – species and the determination of past and 
present distributions and ranges. 

A good example of the possibilities for molecular techniques to be used is provided by 
analysis of the genetic variability among today’s populations of deer (Cervidae), not least 
given the fact that these have continued to be subject to frequent resettlement actions. In 
Poland, this is the case with, for example red deer and fallow deer, specimens of which 
are moved about with a view to the individual quality of bulls being improved. Are these 
measures justified, to improve the quality of individuals, as well as to change the genetic 
structure of populations and protect their genetic diversity? Research into genetic struc-
ture in the red deer and fallow deer has yielded the following conclusions: 

1) the genetic diversity between individual sites occupied by deer populations across 
Poland is slight, whereas there may be a high degree of intra-site genetic variation. 
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Such a spatial pattern would indeed seem to illustrate the impact of past resettlements 
on the present population structure in the above species, at the same time speaking 
against any further resettlement activity, supposedly with a view to enhancing the ge-
netic variability of local populations and improving quality at the individual level with 
the relevant populations; 

2) as fallow deer show only slight variability no matter what Polish-resident popula-
tion they are from, the only animals to be brought in should originate from genetically 
diversified populations elsewhere.

WINDTHROW RISK MODEL FOR FOREST STAND

Arkadiusz BRUCHWALD, Elżbieta DMYTERKO

For many years now the Forest Research Institute (IBL) has carried out research to deter-
mine the impact of abiotic factors on forests. One of the many tangible results has been 
the development of a windthrow risk model for forest stands, elaborated separately for 
lowland and mountain localtions and based on: 

 – average heights of the main species forming the stand,
 – the ages of trees of those main species,
 – stand species composition,
 – “slenderness”, expressed as the quotient of breast-height diameter and overall height 

in the main species,
 – the stand density index, 
 – forest habitat type, 
 – a regional index of the risk of damage being done to stands in the given State Forests 

Forest District, 
 – data for volumes of harvested wind-broken and windthrown wood and deadwood 

over the previous 10 years,
 – relief features, such as exposure, slope inclination and elevation of the stand above 

sea level.
The model determines:
 – the index of the risk of wind-caused damage to the stand, assigned values in the 

range from 0 (lowest risk) to 3 (highest risk),
 – the percentage shares by area of stands characterised by six different levels of the 

damage risk index, which can be presented on a numerical map of the Forest District,
 – a measure of the overall risk posed to a forest (the weighted average of the share 

of area accounted for by stands in the two highest risk factor classes), as the basis for 
establishment of 5 different levels of the measure, denoting a risk to forests in the Forest 
District at level 1 – very low, 2 – enhanced, 3 – medium, 4 – high and 5 – very high.
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This windthrow risk model has been used to assess risks posed by the wind to forests 
across Poland. 71 Forest Districts were in fact found to have forests at “high” (level 4) 
risk of wind damage while a further 11 FDs were assigned to the category of “very high” 
(level 5) risk. These identified Forest Districts will need to the first to take decisive action 
to reduce the risk posed to their forests.

The programme containing the windthrow risk model for stands, as included within 
the test SILP service, may now be made available to all Forest Districts. The results 
obtained using it can be used to select stands for felling plans and to develop new man-
agement rules likely to mitigate the risk posed to Polish forests by the wind, and by other 
abiotic factors.

GROWTH MODEL FOR FOREST STAND

Arkadiusz BRUCHWALD, Małgorzata DUDZIŃSKA 

The Department of Forest Resources Management of the FRI has carried out research to 
develop growth models for the major forest tree species, i.e. oak (Bruchwald A., Dudzińs-
ka M. and Wirowski M. 1996), beech (Dudzińska M. and Wirowski M., 1998) and alder 
(Dudzińska M. and Wirowski M., 2002).

The models in question fall within the category of stochastic models for individual 
trees, using mathematical notation to represent the processes of growth, competition and 
stand-structure development ongoing in stands. 

Yield tables were the original source for the stochastic growth models developed. In 
the case of forest management in Poland, the tables developed by Schwappach (1912) 
can be seen as of key importance. In turn, the yield tables now made use of in practice are 
those first compiled by Prof. Bolesław Szymkiewicz (Szymkiewicz 1961). 

The growth model comprises preliminary, thinning, mortality and increment algo-
rithms, which provide for predictions of stand growth over a specified period. The model 
simulates the implementation of selective thinning in given years, and information is sup-
plied for start and end dates, as regards such features of the stand as volume and volume 
increment.

The minimum information required for operation of the model concerns stand age, 
site quality index, stand density and stand area.

The thinning algorithm can be excluded from the growth model, with a boundary model 
then generated on the basis of an assumption that stand density is equal to 1 throughout the 
prediction period. Other model options relate to the quality of data on a specific stand (be 
these measured, estimated or mixed), or else to the type of thinning being applied.

This poster presents the operational flowchart for the model, as well as its basic com-
ponent functions and algorithms. 
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RESEARCH TO DEVELOP AN INTEGRATED METHOD OF REDUCING 
POPULATIONS OF COCKCHAFERS MELOLONTHA SPP.

Cezary BYSTROWSKI, Barbara GŁOWACKA, Andrzej KOLK, Monika MAŁECKA, 
Marzena NIEMCZYK, Zbigniew SIEROTA, Alicja SIERPIŃSKA, Iwona SKRZECZ, 
Alicja SOWIŃSKA, Lidia SUKOVATA, Danuta WORETA

In the protection of nurseries and plantations alike, an important issue is the damage caused 
by grubs of cockchafer beetles Melolontha spp. In the wake of the European Commis-
sion ban on soil applications of insecticides there remained no effective plant protection 
methods by which populations of the grubs might be reduced. For this reason, a decade of 
research by the IBL Departments of Forest Protection and of Silviculture and Genetics of 
Forest Trees has focused on an integrated forest-protection method which would allow for 
reductions in populations of cockchafers at both the grub and adult stages. The scope of the 
research has taken in preventive (silvicultural), mechanical and biological methods, as well 
as chemical methods to be resorted to in the case of a threat to the sustainability of a forest. 
Some of the results of the work are described briefly in the following sections: 

1. Preventive silvicultural measures.
Chafers were found to be most frequent in broadleaved stands growing in fertile hab-

itats, especially where open areas are present just nearby. The best conditions for the 
development of grubs are therefore found in stands with moderate (20-35%) light pene-
tration, since these foster the growth of herbs on whose roots grubs at stages L1 and L2 
feed particularly intensively. Black alder is found to be the forest-forming species least 
favouring growth in the European cockchafer.

2. Strengthening soil resilience.
The use of sawdust in soil enhances its colonisation by microorganisms whose me-

tabolites generate a repellent effect that results in reduced densities of grub populations.
3. Monitoring the European cockchafer population. 
To determine the onset and culmination of swarming by cockchafers (with a view to 

the date on which protective measures are to be taken being decided upon), it is possi-
ble to use traps of the IBL-5 type featuring the Melolodor attractant developed by Z.D. 
Chemipan. An average rate of capture of cockchafers exceeding 3 specimens/trap/day 
is now shown to mean that at least 80% of the beetle’s population is concentrated in the 
topsoil (down to a depth of 10 cm), with this in turn signalling the start of the intensive 
swarming period.

4. Agricultural methods.
To reduce populations of grubs cultivation of mustard greens (Brassica juncea) is 

recommended, with these being cut after flowering, shredded as much as possible and 
immediately tilled over, preferably when the soil is wet. In areas where grubs occur at 
stage L1 only, buckwheat (Fagopyrum esculentum) can also be sown.

5. Biological methods.
It proved possible to raise two parasitoid fly species of the family Tachinidae (i.e. 

Dexia rustica and Microphthalma europea) from European cockchafer grubs, with a 
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determination that up to 3% of the grub population was parasitized in this way. The 
fungus Beauveria brongniartii is another parasite, whose rates of infection of grubs are 
highest in soils with a neutral or alkaline reaction. Application of this form of biological 
control method is therefore possible where soil pH is higher than is usual for forest 
soils (for example in long-used nurseries, cultivated sites or ex-agricultural land). 
Research into the impacts of plant chemicals (quercetin or an extract from the leaves 
of black alder) on growth in cockchafers was able to demonstrated enhanced mortality, 
lower fertility and a reduced intensity of feeding where oaks were sprayed with a rutin 
solution. 

6. Chemical method.
Registration-related research was carried out to allow the insecticide Mospilan 20 SP 

(20% acetamipride) to be applied in reducing populations of cockchafer imagines. The 
preparation is used at a dose of 0.4 kg/ha in aerial and ground control measures applied 
using ODW-1 tractor sprayers. 

The research was financed by: the General Directorate of the State Forests (Project 
BLP-335, BLP-394), the National Centre for Research and Development (No. N R12 
0096 10) and the Ministry of Science and Higher Education (No. 4299/B/P01/2010/38).

NEW SPECIES DISCOVERED AND DESCRIBED IN RECENT YEARS BY 
THE EMPLOYEES OF THE DEPARTMENT OF FOREST PROTECTION FRI 

Cezary BYSTROWSKI, Jacek HILSZCZAŃSKI, Tomasz JAWORSKI, Radosław PLEWA, 
Grzegorz TARWACKI, Miłosz TKACZYK

In recent years, the scientific activity of staff at the IBL’s Department of Forest Protection 
has resulted in the discovery and description of many species new to science. This work 
has also advanced the state of knowledge in such forest sciences as phytopathology and 
entomology.

Soils originating from stands of common alder in Poland yielded two organisms of 
class Oomycetes hitherto unknown to science. Both of these organisms, described as 
Phytophthora polonica Belbahri, Moralejo & Lefort 2006 and Pythium sterilum Belbahri 
& Lefort 2006, are classified as pathogens causing damage to roots and, in consequence, 
weakening trees and promoting their decay.

A taxonomic revision of parasitic flies of the family Tachinidae also made possible 
the identification of the new species Campylocheta mariae Bystrowski 2001. At present, 
several sites in Poland and Finland are known for this fly, though its detailed biology 
remains unknown. 

Research in the Biebrza Valley of north-eastern Poland has in turn resulted in the 
description of two hymenopteran species of ichneumon wasp, i.e. Xorides flavotibialis 
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Hilszczański 2000 and Xorides ilignus Hilszczański 2000. Again, little is known of the 
biology of these insects, though related Xorides species are known as parasitoids of the 
larvae of saproxylic (i.e. rotting wood-dependent) beetles. 

Foreign entomological expeditions have also brought results in the form of descrip-
tions of new insect species. Batia hilszczanskii Tokár & Jaworski 2015, a saproxylic moth 
species of the family Oecophoridae was discovered in Cyprus, while Gibbovalva squa-
mosa Triberti & Jaworski 2014 is a new kind of gracillariid moth recorded from Guinea, 
whose caterpillars mine the leaves of Tabernaemontana shrubs.

25 YEARS OF ANALYSES AT THE LABORATORY OF NATURAL 
ENVIRONMENT CHEMISTRY

Zuzanna CIEŚLA, Paulina DRÓŻDŻ 

The IBL’s Laboratory of Natural Environment Chemistry was established in 1992, as the 
Independent Laboratory of Physicochemical Analyses, with the objective of achieving 
a methodological unification of physicochemical analyses serving the forest monitoring 
programme, which had previously been conducted by four external laboratories. The 
main activities of the Laboratory include the monitoring of nutritional status in stands 
and the cycling of elements entering forest ecosystems with air pollutants, diagnoses as 
to the physicochemical properties of forest soils and the fertility of soils and substrates in 
nurseries and forest plantations, and determinations of the chemical composition of water 
and plant material. 

The Laboratory is the only one in Poland authorised to issue an opinion on the suitability 
of fertilisers and other products supporting plant cultivation for application in forests, as 
well as to carry out chemical analyses under the national forest monitoring programme. 
Since 2006 the Laboratory has held accreditation certificate No. AB 740 from the Polish 
Centre for Accreditation, and operated under a management system consistent with the 
requirements of the Standard PN-EN ISO-IEC 17025:2005 “General requirements for 
the competence of testing and calibrating laboratories”. The Laboratory guarantees the 
quality of test results by using certified reference materials, analysing/evaluating quality 
control data and participating in inter-laboratory comparisons in Europe. 

The Laboratory is equipped with advanced measurement systems provided by 
world-renowned companies: inductively coupled plasma optical emission spectrometers 
(ICP-OES), ion chromatography systems, carbon and nitrogen analysers, a mercury 
analyser, a continuous flow analysis system (CFA), a laser diffraction particle size 
analyser, a pipette method system for particle-size determination in soils and many 
others. The Laboratory has also implemented an LIMS IT system for data and processes 
management. 
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The Laboratory monitors more than 120 nurseries throughout the country. In a year, 
it conducts chemical analyses and prepares fertiliser - for 50-60 forest nurseries. Over 
the last five years the Laboratory has analysed some 4400 plant samples, 13,000 water 
samples and 5600 soil samples. Over that time it has carried out more than 80,000 deter-
minations of elements in plant samples, 200,000 physicochemical tests on water samples 
and 60,000 tests on soil samples. 

25 years of experience with testing environmental samples, a highly qualified labora-
tory staff, and advanced equipment and methodologies are the reasons why the Labora-
tory of Natural Environment Chemistry is among the best European laboratories engaged 
in the analysis of forest ecosystems.

AN INVENTORY OF FOREST SOILS – ON LEVEL I PERMANENT 
OBSERVATION PLOTS IN THE 16 X 16 KM NETWORK 

Zuzanna CIEŚLA, Józef WÓJCIK 

In the years 2006-2008, as part of the BioSoil demonstration project implemented by 
all Member States of the European Union, the properties of Poland’s forest soils were 
inventoried on Level I permanent observation plots, in the European 16 x 16 km network, 
which was also the structure used for the large-scale inventory engaged in at national 
level. 523 of the Level I permanent observation plots situated within the network were 
designated, in forest areas under different forms of ownership. 

On each of the 523 Level I plots, a soil pit was dug to 2 m depth or to the soil core 
depth, before a soil-profile description was made in accordance with the Guidelines for 
Soil Profile Description and Classification (FAO 1990). Samples were taken from each 
profile and the IBL’s Laboratory of Natural Environment Chemistry, holding certificate 
No. AB 740 issued by the Polish Centre for Accreditation, carried out the tests required 
for soil classification in accordance with the World Reference Base for Soil Resources 
(WRB 2006). A total of more than 52,000 measurements were made, on 3096 profile sam-
ples. After the chemical analyses had been carried out soils were classified in accordance 
with WRB 2006 and – for national purposes – in accordance with the Classification of 
Polish Forest Soils (2000). 

Results demonstrated that sampled plots included 18 of the 32 reference soil groups 
within the WRB 2006 system. Arenosols were clearly dominant, accounting for 50% of 
the plots. Cambisols accounted for 11%, Podzols 8%, Gleysols and Umbrisols 5% each, 
Anthrosols, Lixisols and Stagnosols 4% each, and Histosols and Regosols 3% each, while 
Alisols, Anthrosols, Chernozems, Fluvisols, Leptosols, Luvisols, Plintosols and Phaeozems 
together accounted for the remaining 3% of the Level I plots in the 16 x 16 km network.

In each plot, soil samples were also taken from the Ol and Ofh horizons and from 
layers – 0-5, 5-10, 10-20, 20-40 and 40-80 cm down. In these samples colour, the content 
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of organic matter, bulk density, coarse fragments and particle-size distribution, as well as 
chemical parameters, such as pH, total organic carbon, total nitrogen, carbonates, aqua 
regia extracted elements (15 elements), acid oxalate extractable aluminium and iron, the 
exchangeable acidity and exchangeable cations in barium chloride extract (8 cations), 
were all estimated. In total, 42 physicochemical characteristics were determined for each 
of 3494 samples, ensuring that in excess of 145,000 individual analyses were carried out. 

The above has been the largest project monitoring forest soils to have been carried out 
to date in Poland. The inventory results were entered into a newly-established national 
database, the resources of which, along with other data from forest monitoring and the 
large-scale inventory, will provide a reliable basis for many environmental surveys, in-
cluding e.g. those on: acidification, carbon accumulation and sequestration, the impact of 
climate change on the environment, etc. The results were also uploaded into the European 
database on forest soils, for use in The Second European Forest Soil Condition Report 
(2011).

Successive inventory cycles planned at intervals of 10-15 years will make it possible 
to estimate the scale – and account for the causes – of short-term changes in the properties 
of forest soils, as well as to assess the spatial variability characterising soils.

PLANS PROTECTION TASKS WITHIN NATURA 2000 AREAS  
IN FOREST PRACTICE OF PODLASIE

Janusz CZEREPKO, Małgorzata FALENCKA-JABŁOŃSKA, Rafał PALUCH,  
Aleksander RACHWALD

Poland has now established 144 Special Protection Areas (SPAs) with a view to safe-
guarding its avifauna (with these accounting for 15.6% of the country), as well as 623 
Special Areas of Conservation (SACs) designated to protect habitats over the equivalent 
of 11.1% of Polish territory. Altogether, the Natura 2000 sites occupy 19.7% of Poland’s 
land surface with as much as 60% of this located in forest areas. Indeed, the area managed 
by Poland’s State Forests National Forest Holding includes no fewer than 2,860,000 ha 
within Natura 2000 sites, this in turn representing as much as 38% of the entire area under 
SF management (the corresponding share in private forests is about 18%). Natura 2000 
sites can likewise be found in 417 of the Forest Districts. 

A key assumption was that the existence of a Natura 2000 network would support 
the sustainable development of states, combining economic growth with social and 
cultural development, while at the same time guaranteeing a natural equilibrium and 
the preservation of nature for future generations. The protection in these areas is under-
stood to mean preservation and, where necessary, the restoration of protected species 
and natural habitats. 
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Natura 2000 sites are established pursuant to two Directives of the European Union: 
Council Directive of 2 April 1979 on the conservation of wild birds (the so-called Birds 
Directive), and Council Directive of 21 May 1992 on the conservation of natural habitats 
and of wild fauna and flora (the so-called Habitats Directive). In Poland, obligations 
under these Directives were transposed into the Nature Conservation Act (2004), its im-
plementing regulations, and the Act on the Provision of Information on the Environment 
and Its Protection, Public Participation in Environmental Protection and Environmental 
Impact Assessments (2008).

The results and indications for protective measures have been as set out in the first 
conservation management plans (CMPs), prepared by the expert team from the FRI, in-
cluding Prof. Janusz Czerepko and Prof. Rafał Paluch, Dr. Aleksander Rachwald and Dr. 
Malgorzata Falencka–Jabłońska (the Coordinator). These in fact sum up the conditions 
whereby Natura 2000 sites as the youngest form of nature conservation, are to co-exist 
with management work ongoing in Polish forests. 

IMPACT OF DISTURBANCES ON FOREST REGENERATION

Dorota DOBROWOLSKA 

Disturbances are processes occurring naturally (through fire, flood or wind action) or 
else caused by human activity (deforestation, final felling or road construction). In forest, 
disturbance and subsequent regeneration are key processes forming part of ecosystem 
dynamics. In contrast, from the point of view of forest management, they are regarded 
as losses of forest biomass and reductions in the current and potential value of forests. 
In Poland, disturbances to forest ecosystems are very seldom perceived as completely 
natural phenomena. Indeed, it is typical for them to be regarded as damaging, to the point 
where they may regularly be regarded as ecological disasters. Such was the view taken of 
the forest fire in Rudy Raciborskie in 1992, the large-scale windthrowing incident in the 
Piska Forest in 2002 or the flood along the Odra (Oder) Valley in 1997. 

However, the results of surveys carried out at the sites of large-area disturbances in-
dicate positive effects on forest ecosystems, in that ecosystems of diversified structure 
in terms of age, layers and species emerge from what were single-species stands (in the 
Piska Forest). Tree crowns have also regenerated and natural regeneration has occurred 
(along the Odra Valley). There is no need for the costs of artificial forest regeneration 
to be incurred, while self-sown pines and birches have filled in post-disturbance space, 
shaping a new, stable forest ecosystem (at Rudy Raciborskie). 

So before we declare an ecological disaster and immediately start work on removing 
the effects of a disturbance, let us give nature a chance and, above all, some time, to allow 
it to regenerate spontaneously. 
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ACTIVE PROTECTION OF YEW TREES (TAXUS BACCATA)  
AT SELECTED NATURA 2000 SITES IN POLAND 

Dorota DOBROWOLSKA, Dorota GRYGORUK, Marzena NIEMCZYK,  
Grażyna OLSZOWSKA, Bogdan PAWLAK, Anna ŻÓŁCIAK

This Project’s strategic objective has been to raise the level of biodiversity in Poland’s 
forest through the reinstatement of yew trees within the natural range of the species.

The most important tasks have included:
 – an inventory of natural renewal of yews in 14 selected Nature Reserves,
 – an inventory of artificial regeneration of yews in 27 preservation plantations estab-

lished in the 2004-2008 period,
 – specimen-level protection of yews renewing naturally, through the installation of 

guards or shelters around seedlings or yew undergrowth in four Nature Reserves,
 – reinstatement of the yew within Skarżysko Forest District (through the planting of 

some 3500 seedling trees on 17 plots beneath the tree canopy in the Forest Sub-District 
of Majdów, compartment 20f), 

 – tending of stands including yews at five Nature Reserves,
 – upgrading of the fencing at the Prof. Stanisław Król Yew Reserve,
 – conservation work on the drainage ditch at the Tychowskie Yew Reserve.

The project has been of nationwide reach, with the more specific tasks being carried 
out at 14 Nature Reserves located within six Natura 2000 sites. 

The populations of the yew that were assessed are considered to warrant active 
protection, given the degree of threat posed to many of the trees should tending work 
not be carried out. Tending should be applied in the case of both the mature trees and 
those of younger generations. Mechanical protection of individual saplings and low 
undergrowth should be resorted to more often than hitherto, and there is also a need 
for whole Reserves to gain more effective protection, in the event of an increase in the 
numbers of game animals, and hence also in the level of damage potentially or actually 
inflicted on trees. Quality assessments in regard to the preservation plantations for yew 
confirm the possibility of exsitu protection making a contribution to the reinstatement 
of the species in Polish forests. However, attention needs to be paid to the criteria 
underpinning the choice of plot location for the introduction of saplings, as well as 
stand species composition and the provenance and quality of the material available 
for planting. Nevertheless, the results of project implementation leave no doubt as to 
the value of continued comprehensive work associated with monitoring of the natural 
development of yew populations, as well as with the regeneration of resources of this 
species in forest ecosystems. 

Project implemented under Priority V of the Infrastructure and the Environment 
Operational Programme, Measure 5.1 – in the years 2010–2014 (POIS.05.01.00-00-
214/09). 
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CHEMICAL SURVEYS UNDER POLAND’S FOREST MONITORING 
PROGRAMME 

Paulina DRÓŻDŻ, Józef WÓJCIK 

Poland’s national forest monitoring programme, which dates back to 1985, was established as 
a tool by which to track changes in the status of forests in the period of intensified dieback pro-
cess in the 1980s. Over 30 years the forest monitoring in question evolved gradually, becom-
ing a comprehensive programme by which forest ecosystems could be monitored, as now im-
plemented using a three-level structure of permanent observation plots. Throughout the period 
in question the Forest Research Institute (IBL) has been responsible for its implementation.

Chemical surveys within the framework of the forest monitoring programme began 
as early as in its first year of operation, with measurements of immissions of SO2 and 
NOX, as well as dry deposition at 1811 measurement sites. Initially, chemical analyses 
were carried out at four laboratories of the FRI and the Bureau for Forest Management 
and Geodesy. In 1992, the Institute established its central laboratory (now the Laboratory 
of Natural Environment Chemistry), entrusting it with all the chemical surveys under the 
forest monitoring programme. Measurements are carried out in accordance with a uni-
form methodology used in national and European forest monitoring programmes.

In the 1994-1995 period, 148 Level II permanent observation plots were established. 
On these, measurements of the concentrations of air pollutants and wet deposition were 
commenced with, followed by the monitoring of soil and foliar chemistry.

In 2009, the measurements of the concentrations of air pollutants on Level II plots 
were stopped and, at the same time, a more intensive level of forest monitoring was set 
up, with 12 Intensive Monitoring plots on which, on a monthly basis, samples of ambient 
air, deposition and soil solution are tested.

At present, the chemical surveys are carried out within the framework of the following 
forest monitoring subsystems:

 – soil survey – cyclically, every 4 years on 148 Level II plots and on 12 Intensive 
Monitoring plots, in the Ol and Ofh horizons and in layers 0-5, 5-10, 10-20, 20-40 and 40-80 
cm below the surface – assessments of pH, C and N contents and exchange characteristics,

 – foliar chemistry – cyclically, every 4 years on 148 Level II plots and on 12 Inten-
sive Monitoring plots – determinations of concentrations of elements in first-year or sec-
ond-year needles and leaves from 5 sample trees, 

 – monitoring of the cycling of elements in the forest ecosystem – in a monthly cycle, 
the surveys cover the concentrations of NO2 and SO2 in ambient air, and the chemical 
composition of open field, throughfall and stemflow deposition samples and soil solutions 
at 25 and 50 cm depths.

Over 30 years, the scope of chemical surveys under the forest monitoring programme 
has changed, as the level of knowledge has developed and the impact of abiotic factors on 
forest ecosystems changed, providing information which was useful in the formulation of 
national forest and environmental policies required to meet Poland’s commitments under 
international conventions and resolutions, and, at the same time proving indispensable in 
the preparation of short-term trend forecasting as regards the health condition of forests.
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INDICATORS OF BIOLOGICAL DIVERSITY OF FOREST ECOSYSTEMS  
IN FOREST ENVIRONMENT POLLUTION GRADIENT

Małgorzata FALENCKA-JABŁOŃSKA, Jerzy M. GUTOWSKI, Katarzyna KOLANKO, 
Elżbieta MALZAHN, Monika MAŁECKA, Aleksander RACHWALD,  
Zbigniew SIEROTA, Maciej SKORUPSKI, Józef WÓJCIK 

Long-term interdisciplinary research and analyses of the trophic levels in forest ecosys-
tems have allowed for the identification of indicator groups of greatest value in biodi-
versity assessment. Also indicated are possibilities for these to be used in management, 
with a view to forest complexes of different protection status being evaluated from 
the natural point of view. Comparative analyses have also taken account of gradients 
relating to environmental pollution in the so-called low-pollution zone, in the ecosys-
tems of the Białowieża Forest and Białowieski National Park, the Biebrza Basin and 
Biebrzański National Park and the Promotional Forest Complex of the “Białowieża 
Forest”; the medium-pollution zone, with the ecosystems of the Kozienicka Forest and 
“Woods of the Kozienicka Forest” PFC, the “Tucholskie Forest” PFC and Tucholskie 
Forest National Park; and the high-pollution zone, with the ecosystems of the Upper 
Silesian Industrial District – in the area of Świerklaniec Forest District.

Biodiversity analyses related to:
 – the floristic criterion (phytosociological and dendrometric analyses, as well as as-

sessments of the self-renewal process and the degree of synanthropisation), with photoin-
terpretation of aerial images of the communities investigated used to assess landscape 
heterogeneity,

 – the faunistic criterion – with assessments of the diversity of carabid beetles and 
soil mesofauna, including mites of the order Mesostigmata; as well as the predator level 
represented by bats: in the area of severe accumulation of industrial emissions (Kozienice 
Power Plant), comparative analyses were carried out for stand colonisation by secondary 
pests indicative of the mortality rate and health condition of the stands; as well as the 
diversity of saproxylic (decaying wood-resident) beetles and their species-specific and 
quantitative composition as indicative of the naturalness of a given forest ecosystem, 

 –  the mycological criterion – with comparative analyses of the species-specific and 
quantitative composition and variability of tree-root occupancy by fungi of the subphy-
lum Basidiomycetes as indicators forming part of the phytopathological monitoring of 
forest ecosystems.

The expert team from the Forest Research Institute which carried out the research 
included: Prof. Elżbieta Malzahn, Prof. Zbigniew Sierota, Prof. Jerzy M. Gutowski, 
Dr. Małgorzata Falencka-Jabłońska, Dr. Józef Wójcik, Dr. Aleksander Rachwald and 
Dr. Monika Malecka. Experts from other research institutes involved in the research 
included: Prof. Andrzej Nienartowicz (Nicolaus Copernicus University in Toruń),  
Dr. Mieczysław Kunz, Prof. Maciej Skorupski (Faculty of Forestry, Poznań University 
of Life Sciences), Adam Kejna, M.A. – Infograf, Prof. Andrzej Leśniak, Beata Kurowska, 
M.A., Lech Bucholz and Daniel Kubisz.
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LONG-TERM CHANGES IN THE FLORISTIC COMPOSITION  
OF NATURAL FOREST COMMUNITIES IN THE BIAŁOWIEŻA FOREST

Radosław GAWRYŚ, Janusz CZEREPKO, Karol SOKOŁOWSKI, Adam CIEŚLA,  
Andrzej BOCZOŃ, Rafał PALUCH, Michał WRÓBEL

The research concerned floristic changes ongoing in forest plant communities present in 
the Białowieża Forest, excluding marsh communities (the subject of a separate study). 
The permanent plots used in monitoring plant cover were those laid out in the Forest 
by Prof. Aleksander W. Sokołowski – mostly in the 1960s and 1980s. At present, 1494 
plots are known in relation to determined positions, and phytosociological relevees 
have been recreated and carried out for 2 aspects on 336 of the plots, located mainly 
within Białowieża National Park or in the Reserves present in the wider Forest. It proved 
impossible to restore most of the plots situated in managed forests.

The collected phytosociological material represents 11 plant associations, though 
the largest number of relevees relate to Tilio-Carpinetum. Moreover, soil samples were 
collected from 64 boreholes situated in the vicinity of the phytosociological plots. These 
were drilled near all the plots for which archival results of soil studies had been found. 
The results of physicochemical analyses will be used in further monitoring work. 

Analysis of the dynamics of plant associations will take account of changes in 
vertical structure, the abundance and cover of different plant species – with particular 
attention paid to those characteristic of the given phytocoenosis, the shares accounted 
for by rare, protected and synanthropic species, and changes in values for ecological 
indicator species and diversity indices. Differences noted will then be analysed 
statistically to determine significances, as well as the level of correlation with given 
biotic and abiotic factors. 

THE INFLUENCE OF INITIAL DENSITY ON THE SURVIVAL  
AND GROWTH OF SCOTS PINE – A LONG-TERM STUDY 

Wojciech GIL,   Witold KOPRYK 

Research on the spacing of Scots pines in plantations has been carried out since the 
1960s at what is today the IBL’s Department of Silviculture and Forest Tree Genetics. 
Work based on Nelder’s assumptions that was carried out recently in turn involves two 
round plots, the aim being to determine the effect of initial planting density on survival 
and selected growth parameters (girth and height) in Scots pine 32 years on from the 
time of planting. 
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The analysed growth area available for a seedling varied between 0.16 and 8.4 m2, 
corresponding with initial densities in the range 62,645 to 1187 units/ha. 

The research demonstrated a significant effect of initial spacing on the girth development 
of pine stems through thirty years of their lifetime. Across the range of planting densities 
analysed, increments were steadily greater at successively greater mean areas available 
for growth. Furthermore, differences as regards increases in girth between planting 
density variants were found to grow with advancing ages of trees, in each case in favour 
of the low initial density. Initial spacing also affects the heights of pines, though the 
relationship is not as significant as in the case of breast-height diameter. Loosely spaced 
trees are slightly taller than those spaced together more closely. In the period between 
age classes IIa and IIb, the tallest trees had an area of between 1 and 3 m2 available for 
growth. Areas greater than this are not seen to be associated with any further effect on 
tree height. 

ASPECTS OF BIODIVERSITY IN THE FORESTS OF MOUNTAIN 
MASSIFS (RADZIEJOWA AND PILSKO) IN THE CARPATHIANS –  
THE BACCARA PROJECT

Wojciech GRODZKI, Sławomir AMBROŻY, Wojciech GIL, Dorota HILSZCZAŃSKA, 
Jacek HILSZCZAŃSKI, Mieczysław KOSIBOWICZ, Anna ŻÓŁCIAK

In the years 2009-2012, the Forest Research Institute (IBL) participated as one of 
16 partners in the consortium implementing the so-called BACCARA (Biodiversity 
and Climate Change – A Risk Analysis) Project, which was financed under the EU’s 
Seventh Framework Programme. The main goal was to build the scientific foundations 
for an evaluation of the risks climate change was likely to pose to forest diversity 
in Europe, as well as the possible losses in forest productivity it might induce. The 
research encompassed elements of forest ecosystems at different trophic levels, 
i.e. assemblages of forest symbionts (mycorrhizae), producers (main tree species 
and vegetation of the forest floor), consumers (herbivores and pathogens) and their 
predators (natural enemies). Members of the staff of four FRI Departments (Mountain 
Forests, Silviculture and Forest Tree Genetics, Forest Ecology and Forest Protection) 
were involved in the implementation of three work packages of the Project (WP1: tree 
diversity response to climate change, WP2: tree-associated species responses to climate 
change, and WP3: effects of forest biodiversity on ecosystem functioning).

On 20 plots established in the Radziejowa Massif (of the Beskid Sądecki range) and 
the Pilsko Massif (in the Beskid Żywiecki range), surveys were carried out on plant di-
versity, the occurrence of mycorrhizal fungi and root pathogens and insects related to the 
phloem and wood of Norway spruce Picea abies (L.) H. Karst., in relation to elevation 
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above sea level and species diversity of stands. The research plots were located in a sys-
tem of altitudinal transects (500, 700, 900 and 1100 m a.s.l.). In the Radziejowa Massif 
(mixed stands with spruce), at each elevation four plots were set up along a gradient of 
stand species diversity, while in the Pilsko Massif (spruce stands and those with domi-
nant spruce) – one plot was located at each elevation. The field surveys, carried out in 
2010-2012, included a description and measurement of stands, phytosociological records, 
measurements of growth increments in spruce, the collection and laboratory analyses of 
samples for mycological tests and the photoeclector-based rearing of insects related to the 
phloem and wood of spruce.

The species composition and diversity of the assemblages of organisms investigated 
were determined and expressed using the Shannon-Wiener index (H’), in relation to theal-
titudinal configuration, with variability depending on climatic conditions simulated, and 
dependencies between the analysed groups of organisms indicated. 

The research carried out within the framework of the BACCARA Project provides a 
good example of interdisciplinary cooperation within the Institute, allowing for a com-
prehensive approach to the complex issues of forest ecology and forest management. 

IPS TYPOGRAPHUS (L.) ON NORWAY SPRUCE IN THE CARPATHIANS

Wojciech GRODZKI, Mieczysław KOSIBOWICZ

Over the last twenty years, spruce stands in the western part of the Carpathians have 
been affected by several mass outbreaks of the spruce bark beetle Ips typographus (L.), 
with related consequences for the decline of stands. Such problems occurred in both 
managed forests (particularly in the Beskid Śląski and Beskid Żywiecki Mountains) 
and in natural forests included within protected areas (the Tatra and Gorce Mountain 
National Parks). Earlier damage caused by wind was often a factor encouraging pest 
outbreaks of the spruce bark beetle, the species that was the subject of research within 
the framework of several different projects. The main aim was to gain an in-depth 
knowledge of the biology and ecology of the species, the factors and mechanisms 
affecting the emergence and development of outbreaks, and signals that might enable 
threats to be predicted. A further aim of fieldwork was to seek new methods by which 
excessive numbers of the spruce bark beetle might be reduced. 

Specifically, research carried out by the Department of Mountain Forests in selected 
stands of the Regional Directorates of the State Forests in Katowice and Kraków, and in 
the Gorce, Pieniny and Tatra Mountain National Parks covered:

 – the emergence and development of outbreaks of the species in stands subject to 
different protection regimes,

 – the use of GIS and methods of spatial analysis in tackling I. typographus outbreaks 
in diversified mountain conditions,
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 – the effect of windthrow on populations of the spruce bark beetle and the threats 
posed to unmanaged (protected) and managed forests by outbreaks,

 – the effect of selected environmental factors and stand features on vulnerability to 
attack by the spruce bark beetle,

 – attempts to determine traits of the I. typographus population that would point to a possi-
bility of pest outbreaks occurring,

 – the role of natural factors and mechanisms impacting upon the sizes of spruce bark 
beetle populations,

 – the search for and testing of new methods by which to reduce excessive numbers 
of the beetle that would be suitable for use in the conditions of mountain forests serving 
water-protection functions. 

THE SUMMER TRUFFLE IN POLAND – SPECIES PROTECTION AND 
PROMOTION

Dorota HILSZCZAŃSKA, Zbigniew SIEROTA, Aleksandra ROSA-GRUSZECKA, 
Hanna SZMIDLA

The summer truffle (Tuber aestivum Vittad.) is a hypogeous ascomycete fungus, which 
usually forms fruiting bodies about 10-20 cm down in the soil. The fungus forms mycorrhizae 
– a mutualistic symbiosis of the roots – with many forest tree and shrub species, including 
oak, beech, lime, hornbeam and hazel. Among truffle species, the greatest olfactory 
and gustatory value characterises the white truffle (T. magnatum) and black truffle (T. 
melanosporum), which grow mainly in Italy, France and Spain.

While the summer truffle is of slightly lower culinary value than the two latter spe-
cies, its advantage is that can fruit in both warm and cold climates. While only a few 
confirmed localities in Poland exist thus far, the last six years have brought a marked 
increase in the number, thanks to research projects dedicated to the protection and 
promotion of these valuable fungi. The known localities are mainly in areas with soils 
of the rendzina or pararendzina type, formed on gypsum and/or dolomite, with a pH 
between 7 and 8 and rich in calcium.

Over the past century it has been possible to observe a rapid decline in yields 
of truffles from natural stands, particularly in Mediterranean countries, and this is 
considered attributable to a combination of ecological and social factors. The collection 
of firewood and traditional shepherding practices have been stopped. With a view 
to protecting the species and offering a new incentive for the development of post-
agricultural land, measures to establish truffle orchards have become more and more 
popular. The orchards ensure protection of the species ex situ by creating gene banks for 
the species using measures that correspond well with agroforestry, a much-popularised 
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discipline worldwide. Truffle cultivation thus has economic significance, but is also 
of importance to conservation biology. For example, the oak species (Q. robur and Q. 
petraea) often needed for the growth of truffles are also trees with which a large number 
of other species are connected, not least mosses, lichens, fungi and invertebrates.

POLAND’S NATIONAL FOREST INVENTORY 

Marek JABŁOŃSKI

The monitoring of timber resources and changes affecting them is a prerequisite if forest 
policy is to be formulated, implemented and assessed. Poland’s National Forest Inventory 
(WISL) is a tool providing up-to-date, comparable information about forests that is as 
complete as possible.

It was in the 2005-2009 period that the first five-year cycle of monitoring was 
commenced with, in accordance with the methodology developed at the Forest Re-
search Institute. In 2010, the Institute came out with an amendment to its Instructions 
as regards the WISL, with the 2009-2014 measurement cycle kept in mind The WISL 
methodology was developed in line with results of relevance from domestic and global 
sources alike. The achievements of university scientists from the Faculties of Forestry 
in Cracow and Poznań and the Warsaw University of the Life Sciences were drawn on, 
as was the experience gained in the course of earlier measurements made nationwide. 
The results of the WISL now represent the basic source of information on timber re-
sources in Poland.

Since 2011, the FRI has been responsible for auditing the quality of measurement data 
from the Bureau for Forest Management and Geodesy, as well as for continued studies aimed 
at improving the WISL methodology. The effects of the research in this regard include, e.g. 
the draft Instruction on the WISL, set to be applied from 2015 onwards. While the basic 
framework of earlier inventories was retained, consideration was also given to the practical 
experience gained during previous WISL cycles, the technological progress underway as 
regards work performed, the results of research designed to optimise measurements and 
ensure the accuracy of results, and the emerging new needs for information on forests.

One of the most important changes in the Instruction is the proposal to extend 
measurements to areas with forest vegetation that are not forests in the Land and Property 
Register, as well as to use constant areas in the case of sample plots, irrespective of the 
stage of growth the given stand has reached. 

The expansion of the scope of the inventory to areas not entered in the Land and 
Property Register will inter alia make possible to estimate the real forest cover of the 
country, and to harmonise the results with world standards, e.g. those set by the Global 
Forest Resources Assessment (GFRA), as coordinated by the FAO. In turn, the adoption 
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of a constant sample plots area will allow changes to be analysed, and the accuracy of 
results obtained enhanced, particularly as regards the current volume increment. 

THE DEPARTMENT OF FOREST PROTECTION FRI – SERVING 
FORESTRY PRACTICE

Tomasz JABŁOŃSKI, Wojciech JANISZEWSKI, Andrzej KOLK, Monika MAŁECKA, 
Aleksandra ROSA-GRUSZECKA, Zbigniew SIEROTA, Lidia SUKOVATA,  
Hanna SZMIDLA

Activities serving the State Forests have a tradition dating back to the very beginnings of 
the Forest Research Institute (IBL). And, as early as in the 1930s, an important contribu-
tion to the development of forest management was being made by research into what may 
be broadly conceived as “forest protection”. 

Back in the present, the last ten years of activity at the FRI’s Department of Forest 
Protection have brought a focus on the forecasting and diagnosing of biotic factors 
capable of causing damage (e.g. insects and fungal pathogens), as well as on the prepa-
ration of programmes and methodologies by which nurseries, new plantations, young 
plantations and older stands may gain protection. In the period in question, employees 
of the Department have been members of teams, devising, for example: (1) forest pro-
tection instructions (of 2004 and 2012), (2) brochures on plant protection agents and 
other agents recommended for use in forestry (annually), (3) recommendations on how 
to respond to harmful defoliating insects, in the form of an annex to the Order of the Di-
rector General of the State Forests on the limitation of threats posed by harmful insects, 
pathogenic fungi and other damaging phenomena in forests (annually), (4) framework 
principles on how to respond to outbreak foci of pine defoliators (2009), (5) a meth-
odology for the integrated protection of coniferous and broadleaved stands (2013), (6) 
and guidelines for protective treatments designed to halt dieback processes in stands of 
different tree species. 

The work undertaken over the last decade to test new agents, and to develop new 
plant protection strategies and methods of monitoring the occurrence of harmful in-
sects and fungi brought new patents, e.g. on the molecular detection of baculoviruses 
(2005) and a preparation and method for reducing the population of moths of the genus 
Lymantria (2006).

The study called “A short-term forecast of the occurrence of the major pests and in-
fectious diseases of forest trees in Poland”, prepared every year, is one of the sources of 
knowledge of greatest importance, and used most generally – by organisational units of 
the State Forests, but also by authorities in the public administration, educational estab-
lishments, and domestic and foreign research units.
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In recent years, the development and general use of modern (including molecular 
and serological) methods of determining damaging biotic and abiotic factors has com-
bined with specialised diagnostic knowledge to greatly facilitate the effective identifi-
cation of present and upcoming threats and silvicultural problems affecting nurseries 
and stands throughout Poland. The results obtained further raised our knowledge of 
“forest protection” issues as broadly conceived, and also represented a basis for effec-
tive protection measures pursued by foresters as practitioners. Research was financed 
by the General Directorate of the State Forests (in line with the BLP-382, BLP-380, 
500 394 topics).

WEB-SPINNING SAWFLIES OF THE GENUS CEPHALCIA PANZER 
(HYMENOPTERA: PAMPHILIIDAE) IN THE CARPATHIANS 

Marcin JACHYM 

For 50 years now the IBL’s Department of Mountain Forests has been carrying out 
research on the occurrence, importance, biology and ecology of web-spinning sawflies 
of the genus Cephalcia Panz. Given the potential for mass pest outbreaks among the 
web-spinning sawflies, research initially sought to determine the economic importance 
of the insects, as well as methodologies by which their occurrence might be forecast. 
There was then, an exploration of their biology and of ways of reducing their populations, 
since these were shown to affect the growth of mountain spruce stands considerably. 
In recent years, web-spinning sawflies have ceased to pose an economic threat, with 
the result that surveys have tended to focus on better taxonomic identification of the 
group, the separation of sister populations, and the determination of their occurrence 
and importance, as well as the impact of feeding web-spinning sawflies on growth 
increments in spruce stands. 

Research in recent years has also sought to analyse the structure to the assemblage of 
parasitoids of web-spinning sawfly larvae, in the periods between their mass outbreaks. 
This work has revealed new, previously unknown trophic linkages. The names assigned 
to web-spinning sawflies were also put in order (as C. annulicornis and C. alpina), with 
elements of their biology expounded in the process, and an accurate description given 
of the characteristics by which the two species can be distinguished. A species new to 
the Silesian Beskids and Beskid Żywiecki range – and for Poland – was also discovered 
(C. masuttii). 

As a result of the previous poor taxonomic identification within this genus and inaccu-
racies in descriptions of the species, precise determinations long remained an impossibili-
ty. It has only been with successive studies that the names have been put in order, and the 
species (particularly C. fallenii and C. abietis) separated, with a taxonomic change also 
made of the name C. fallenii to C. alpina.
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During the most major mass outbreak of web-spinning sawflies on the Skrzyczne 
Massif, observations on differences in colouration and swarming periods provided the ba-
sis for the separation of the two species from the one apparent population, with the names 
C. alpina and C. annulicornis applied. In line with the results of further surveys in the pe-
riod 2006-2008 using collar traps, as well as observations of swarming, it proved possible 
to update information on the distribution of C. alpina with respect to C. annulicornis in 
the Silesian Beskid Mountains, Gorce National Park and the Beskid Sądecki Mountains. 

On the basis of surveys using Geolas collar traps, the shares in the total population of 
the sibling species accounted for by each were determined. The shares of the population 
accounted for by C. annulicornis were about 11% in the Skrzyczne Massif, 30% in Gorce 
National Park (Mostownica, Kudłoń and Jaworzyna) and 50% in the Radziejowa Range.

At present, C. abietis, C. alashanica, C. alpina. C. annulicornis, C. arvensis, C. eryth-
rogaster, C. fulva and C. masuttii can be found in the region in question.

Surveys of tree-growth increments in spruce stands affected by mass outbreaks of 
web-spinning sawflies demonstrate that spruce stands attacked by foliophages in the 
years of the greatest mass outbreaks showed radial increment which was weaker only in 
the zones of greatest defoliation amounting to a more than 50% loss of the assimilatory 
apparatus. Despite the weakening, the decline in radial increment was offset rapidly, and 
returned to its level before the mass outbreak. 

FOREST – WATER INTERACTIONS IN THE CONDITIONS  
OF ECOLOGICAL DISASTERS

Magdalena JANEK, Krystyna KUCHARSKA, Edward PIERZGALSKI, Jan TYSZKA, 
Andrzej STOLAREK, Michał WRÓBEL  

The factor initiating the ecological disaster in the Izerskie Mountains in the 1970s was 
the long-term impact of industrial emissions, which broke down the resilience of trees 
and made them vulnerable to insect pests and pathogenic fungi. In turn, the extensive de-
forestation beginning in the Silesian Beskid Mountains at the end of the 1990s was caused 
by a pest outbreak of scolytid beetles, which arose after more-protracted dry periods.

Long-term (1982-2012) hydrological research was carried out in the Izerskie Moun-
tains, and specifically in the catchments of the Czerniawka, Płóczka and Ciekoń (whose 
forest cover diminished by 4, 9 and more than 40%, respectively). This demonstrated that 
the deforestation had increased water runoff from the catchments, reduced the time needed 
for peak high-water levels to emerge and persist, and also enhanced them. As a result of 
the removal of plant cover, water runoff caused surface and rill erosion, which in places 
developed into gully erosion. In the period of forest restitution, the hydrological parameters 
changed (as the runoff rate in the Ciekoń catchment which was at 0.79 in the 1993-2000 pe-
riod, fell to 0.7 in the years 2001-2008). There was also a change in the quality of runoff.
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Since 2000, hydrological research in the Silesian Beskids has been carried out in the catch-
ment of the Bystra at the Gałchówka profile, and in its Złotnica A and B sub-catchments. The 
dieback of the spruce stand which had originally accounted for 90% of the surface area of 
the Bystra catchment came first in the Złotnica B sub-catchment, facing south. By the time 
hydrological research commenced, that catchment had already lost about 30% of its stands. 
However, the dieback of trees accelerated substantially after 2003, which was the driest year 
in the period, in particular in the Złotnica B sub-catchment (50% of the surface area), though 
the tree dieback process also started in the Złotnica A sub-catchment, facing southeast. In 
2007, severe drought coincided with the beginning of the growing season, and that had been 
preceded by the dry autumn of 2006. After dead trees had been removed, forest cover in the 
catchment was found to have declined to 10%, with research demonstrating that dieback had 
occurred as rainfall decreased in summer, and runoff likewise increased in winter. At the same 
time, the rate of runoff and the volume at peak high water were also found to be growing 
steadily. The great importance of the condition of forests for runoff formation is evidenced by 
the enhanced rate noted in the sub-catchments of the Bystra – with an increase from 0.68 to 
0.83. Important changes were also found for the chemical composition of water running off 
from the catchment, at different stages in the process of deforestation. 

REVISION OF THE “NATIONAL PROGRAMME FOR EXPANDING  
OF FOREST COVER”

Adam KALISZEWSKI, Emilia WYSOCKA-FIJOREK, Wojciech MŁYNARSKI,  
Marek JABŁOŃSKI

The expansion of forest cover in Poland is a permanent fixture of the country’s policy 
regarding forests, but also the environment in general and the economy. A key policy 
instrument shaping natural space is the National Programme for the Expanding of Forest 
Cover (KPZL in Polish), which was adopted by the Council of Ministers in 1995. The 
methodological assumptions and criteria underpinning the KPZL can be useful in the 
development of original regional and local solutions, with the aim overall being to increase 
forest cover nationwide to 30% by 2020, with account taken of the environmental needs 
of different regions of Poland. The KPZL as adopted in 1995 included a requirement that 
the Programme be made subject to revision every 5 years.

The assumptions of the KPZL were in fact drawn up as early as in 1993, by the 
Forest Research Institute’s Department of the Spatial Information System and Research 
on commission from, and with the participation of, the then Ministry of Environmental 
Protection, Natural Resources and Forestry. The Programme was modified for the first 
time in 2000-2002, by what was by then the Department of Forest Economics and Policy 
of the IBL. Although the main assumptions of the Programme demonstrated their validity 
in practice at Stage I of its implementation in the years 1995-2000, certain elements 
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required significant reconstruction and updating, given changes of circumstance where 
the implementation of the afforestation programme was concerned, not least as a result of 
changes in Poland’s administrative division and in the competences assigned to particular 
levels of the administrative structure, as well as in relation to an accelerated process 
whereby land is excluded from agricultural production, with the result that farmers 
become ever-more interested in afforestation measures.

2009 saw the KPZL’s assumptions modified again, this time in connection with the 
new socio-economic conditions following Poland’s accession to the European Union 
and a breakdown of the process of afforestation of ex-agricultural land. In turn, the 
most recent revision, prepared in 2014 by the IBL’s Department of Forest Resources 
Management, coincided with the beginning of the EU’s new (2014-2020) Financial 
Perspective, as well as with the finalisation of work on the Rural Development Pro-
gramme for the same period, as a key instrument supporting afforestation on the land 
that is not Treasury-owned. 

THE MANAGEMENT DIFFICULTY INDICES FOR FOREST DISTRICTS

Janusz KOCEL, Ryszard KWIECIEŃ

Disproportions in employee workloads between organisational units of the State For-
ests are very much a reflection of differentiated conditions where forest productivity 
as concerned, as well as the role of geographical and natural conditions in determining 
how intensive management work will need to be. The Management Difficulty Indices 
(STGs) calculable for Forest Districts represent an instrument by which employees’ 
workloads may be assessed. 

The indices were developed to supply a synthetic representation of various difficul-
ties in numerical form, with the methodology underpinning their determination at Forest 
District level reflecting correct selection of the partial indices, an appropriate determina-
tion of conversion factors (for the complex indices) and weighting by which ranks are 
assigned to particular indices. 

For several years now the STG indices for Forest Districts have been applied suc-
cessfully in the work of teams appointed by the SF Director General to develop interim 
plans for the State Forests National Forest Holding. They are used to determine levels of 
planned administrative costs (of the Forest Service and other administrative activities) at 
the level of the different organisational unit.

A general and comprehensive application of the STG indices for Forest Districts is 
provided for in the Strategy for the State Forests through to 2030. In this timeframe, they 
are to contribute to an optimisation of the sizes of SF organisational units, with the strate-
gic aim behind the index being to ensure a better correlation between sizes of Forest Dis-
tricts and their tasks. Another way of looking at this is to consider that a standard size for a 



106

Forest District ought to be established in line with the degree of difficulty likely to be ex-
perienced with its management. A further long-term objective is to steadily adapt human 
resources in given Forest Districts to the indicated degree of difficulty of management.

GROWTH RESPONSE OF SCOTS PINE (PINUS SYLVESTRIS L.) 
POPULATIONS TO CHANGING CLIMATIC CONDITIONS.  
THE 1982 IUFRO EXPERIMENT

Jan KOWALCZYK, Jan MATRAS, Marek RZOŃCA, Sławomir MIODUSZEWSKI

The results of the provenance experiments carried out to date indicate considerable adaptabil-
ity on the part of forest trees, even if substantial changes occur in their living environment. 
However, scientific publications emphasise that there is a genetic limit to the adaptability, 
meaning that present climate change may pose a significant threat to many valuable popu-
lations of forest trees. By analysing the results of experiments whereby forest reproductive 
material is moved over large distances and – as a rule – also to different climatic conditions, it 
is possible to forecast the effect of environmental changes on the growth and health of trees. 

Regression models were used to express survival, growth and quality traits of European 
populations of Scots pine (Pinus sylvestris L.) included in the 1982 IUFRO experiment, in re-
lation to differences in climate variables between the original location of a provenance and the 
location of the experimental plot. The study plots located in Poland were revitalised and made 
subject to measurement 25 years on from the initial planting. Growth data were expressed in 
standard deviation units in order to compare results from different years. The data published in 
the literature in relation to the other European plots were also taken into account.

Both traits relating to growth increment and survival in Scots pines is shown to dis-
play clinal variation with considerable potential to adapt to conditions in which develop-
ment is taking place. The populations growing best are located in Central Europe, while 
those from Northern Europe are characterised by straight trunks. 

The analyses utilised the set of global climate data available at WordClim.org with a 
spatial resolution of a square kilometre. Regression models showed that growth and sur-
vival generally decreased when a population was transferred from the location of prov-
enance to a new distinct location in terms of the W-E latitudinal. Strong relationships 
were found between volume and transfer distances measured as the difference in annual 
average air temperatures between the provenance and the planting site. Paradoxically, 
local populations were not always best in the particular location of the given experiment. 
In turn, populations established artificially (17 Pornóapáti and 13 Ardennes) were found 
to react in a different way from natural populations. 

Overall, the results indicate that provenance experiments can be used efficiently to 
forecast growth-response reactions of forest reproductive material transferred to new 
environmental conditions. However, if the sustainability and functionality of forest 
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growing in different climatic conditions is to be assured, well thought-through human 
intervention will be indispensable. One aspect of such intervention should be the selec-
tion of populations and genotypes suitable for growth conditions foreseen for the future. 
Furthermore, action should be being taken today, since trees are longlived organisms, 
and their resilience in the future will depend on the present-day shaping of ecosystems.

THE FOREST FIRE RISK MONITORING SYSTEM

Mirosław KWIATKOWSKI, Ryszard SZCZYGIEŁ, Józef PIWNICKI,  
Bartłomiej KOŁAKOWSKI, Alina KLIMCZYK 

The levels of economic and environmental losses arising out of forest fires depend to a large 
extent on the efficiency of functioning of the forest fire protection system. The latter should 
in turn correspond with the existing fire risk, which is determined on the basis of forest fire 
risk monitoring. Monitoring in turn includes both the assessment of the potential fire risk for 
a given forest area (via the determination of a forest’s fire risk category) and the establishment 
of the dynamic risk, which entails determinations of the probability of a fire breaking out on 
a given day (and hence the method by which the level of risk is determined). Both methods 
were developed at the Forest Research Institute and implemented in forestry practice under 
the Regulation of the Minister of the Environment on the detailed principles of forest fire pro-
tection (the Dziennik Ustaw Official Journal of Laws of 2006, No. 58, Item 405).

The forest fire risk category (KZLP in Polish) applies to forests of similar fire vul-
nerability. It is defined in relation to the 10-year periods characteristing forest manage-
ment plans, simplified forest management plans or the conservation plans for National 
Parks, on the basis of objective criteria including: fire outbreaks in the past period, the 
share of all stands that are in the most flammable category, the climatic conditions and 
the anthropogenic conditions. The assignment of a given area to one of the three possible 
categories provides the basis upon which forest protection rules for the given area are 
defined. This determines, inter alia, the type of surveillance applied to detect fires, the 
organisation of water supplies, the planning of a network of fire access routes and the 
provisioning of Forest Districts with the necessary equipment to extinguish forest fires. 

The degree of forest fire risk (SZPL in Polish) is determined for a forecasting 
zone, which is a group of Forest Districts of similar stand, climatic and anthropogenic 
conditions. The probability of a fire breaking out on a given day is determined, in 
relation to dynamic changes in weather conditions and the moisture content of forest-
floor litter. In relation to the level of risk existing at the given time (as expressed 
on a four-degree scale), specific protective tasks and measures are implemented by 
organisational units of the State Forests to ensure early detection of a fire and the launch 
of an effective firefighting and rescue operation. To ensure the efficient transfer of 
information on the SZPL, the State Forests has a forecasting network in place, under the 
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substantive supervision of the IBL’s Laboratory of Forest Fire Protection. To improve 
the operation of this network, an IT system was established to collect, validate and 
provide information on the SZPL. This also allows for effective transfer of necessary 
data to the rescue services, and for the provision to the wider public of information 
on the current forest fire risk. In recent years, the FRI has developed a new method to 
determine the SZPL more precisely, while at the same time allowing for the forecasting 
of risk up to 24 hours ahead of time.

CHANGES IN THE STATE OF HEALTH OF POLAND’S FORESTS  
IN THE 1991-2013 PERIOD   

Paweł LECH, Jerzy WAWRZONIAK, Robert HILDEBRAND 

Forest monitoring constitutes a programme by which the state of health of forests may 
be assessed, in line with the impacts of air pollutants and other variable environmental 
factors. The key parameter to this assessment is defoliation, i.e. the loss of the assimilatory 
apparatus (i.e. leaves) in ill trees as a contrast with the full foliage of healthy trees. 
Information of this kind is gathered each year on almost 2000 plots situated in stands 
across an 8 x 8 km grid. Mapped average defoliation levels for trees in monitored plots 
have been illustrating changes to the spatial distribution of healthy or unhealthy trees 
from almost the very start of forest monitoring in Poland.

In turn, consideration of the changes over time reveals how the first half of the 
1990s was associated with a deterioration in the health condition of stands, as the share 
of “damaged” trees of all species – i.e. with more than 25% defoliation rose to a peak 
of 54.8% in 1994. Subsequent years (1995-1999), then brought a fall in the share of 
damaged trees to about 30%. Starting in 2002, this share then increased to about 34% in 
2004. After that, the share of damaged trees fell again – from about 30% in 2005, through 
about 20% in 2006 and 2007, to about 17.5% in 2009. However, the share of damaged 
trees rose once again from 20% in 2010 to 23-24% in 2011-2012. In contrast, in 2013, the 
share of damaged trees was rather abruptly down once more - at about 18.5%. 

It can be noted that the initial, rather wild fluctuations, whereby periods of just a few 
years saw proportions of trees with more than 25% defoliation rise considerably and then 
decrease gave way to steadily diminishing amplitudes of change, from more than 20% 
in the last decade of the 20th century down to about 5% recently. This suggests a trend 
towards improved overall health of trees and stands over the last 20 years with declines 
in both the average level of defoliation of trees of all species and in the share of the 
“damaged” trees in the assessed populations, suffering more than 25% defoliation. 

Further phenomena noted over the last decade have been a reduction in regional 
disparities and an expansion of the area in which stands are assessed as “undamaged”. By 
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2013, damaged stands were limited to Silesia, the eastern part of the Sudety Mountains, a 
part of the Lublin region and small areas of the Mazowsze and Podlasie regions. 

THE RANGES OF TREES IN POLAND, THAT IS PANTA RHEI 

Jan ŁUKASZEWICZ, Dorota DOBROWOLSKA, Marcin MIONSKOWSKI, Justyna 
NOWAKOWSKA, Grażyna OLSZOWSKA, Rafał PALUCH, Małgorzata SUŁKOWSKA, 
Anna TEREBA, Piotr WRZESIŃSKI, Grzegorz ZAJĄCZKOWSKI, Piotr ZAJĄCZKOWSKI

The generally adopted boundaries to the ranges in Poland occupied by tree species were 
as first determined by Prof. Władysław Szafer – the great Polish naturalist. He elaborated 
them using the popular geographical atlases prepared by Raciborski in 1912, on the basis 
of the then knowledge. While Szafer still lived many studies appeared to present different 
concepts where the distributions of tree species are concerned, and the number of such 
studies has grown visibly over the last decade.

At the Forest Research Institute, studies were carried out to verify the ranges of the main 
forest-forming tree species in Poland. Several hundred monitoring plots were laid out in 
stands with larch, fir, sessile oak, beech and spruce, within or beyond the so-called “natural 
ranges” arrived at by Szafer. The increments, quality and other natural parameters of stands 
were analysed, and the variation of the DNA in the main forest-forming tree species in 
Poland determined, including in those populations deemed to be growing outside the 
natural range of the given species. The distribution of geographical sites bearing names 
coined from words related to the names of trees was also analysed in line with the National 
Register of Geographical Names (PRNG in Polish). 

The output of the project has been a graphical representation of the results of the 
analysis of the largest forest databases in Poland, i.e. the State Forests Information Sys-
tem (SILP), the Large Area Forest Inventory (WISL) and Forest Monitoring (ML), with 
special consideration given to the growth rates of the particular species and their states 
of health. Research across this entire scope was integrated into a synthetic study drawing 
on the achievements of such fields of science as palaeobotany, climatology, soil science, 
hydrology and others, in relation to the ecological requirements of tree species and their 
current real ranges in Poland as elaborated at the FRI.

The final thesis of the research is that the native species which have occurred historically on 
Polish territory cannot be classified as alien species, pursuant to the Act on Nature Conservation 
of 2004, even if they are growing beyond the boundaries of the so-called natural ranges, which 
have been set arbitrarily by human beings. Since the last glaciation the said native species 
have never been alien species anywhere on the territory of Poland, as palaeobotany confirms. 
All that has happened are changes in the area of occurrence reflecting climate fluctuations, 
human activities and inter-species competition. These three basic factors have determined the 
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present distribution of tree species in Poland’s forest ecosystems. Thus the so-called natural 
tree ranges elaborated in the last century by Szafer have not gained confirmation in the light of 
the most recent interdisciplinary scientific research. 

THE CREATION OF A SEED BASE FOR CATEGORY IV – “TESTED” 
FOREST REPRODUCTIVE MATERIAL IN THE STATE FORESTS

Jan MATRAS, Marcin KLISZ, Szymon JASTRZĘBOWSKI, Władysław BARZDAJN, 
Kinga SKRZYSZEWSKA, Władysław CHAŁUPKA, Henryk ŻYBURA  

Poland’s Act on Forest Reproductive Material (LMR in Polish) distinguishes four 
categories of forest basic material (LMP) used to obtain LMR for forestry purposes, i.e. 
I – Source-identified, II – Selected, III – Qualified, and IV – Tested. The „Tested” LMP 
category comprises Categories II and III, once their genetic value has been assessed in 
field tests. 

In 2004, the Director General of the State Forests ordered the implementation of 
the “Programme testing the progeny of selected seed stands, plus trees, seed orchards and 
seedling seed orchards” in the State Forests. This therefore entailed testing of 40 collections 
of the progeny of selected stands, 95 collections of the progeny of mother trees and 25 
collections of the progeny of seed orchards and seedling seed orchards.

Coordination and supervision over the implementation of this Programme was 
entrusted to Forest Research Institute’s Department of Silviculture and Genetics of Forest 
Trees, though work in fact involves collaboration with the Institute of Dendrology of 
the Polish Academy of Sciences in Kórnik, the Warsaw University of Life Sciences, the 
Poznań University of Life Sciences and the University of Agriculture in Kraków.

The progeny of forest trees are tested with a view to the genetic value and breeding 
value of the components of the aforementioned “basic forest material” used for forestry 
purposes being determined, as well as principles for the use of the seed base developed, 
through a determination of the area of possible transfer and necessary modification on the 
basis of genetic information yielded by the tests. 

Implementation of the progeny testing programme in the State Forests began in 
2005, with seedlings being produced and the first experimental plots established – to 
test beech populations in the south-western and south-eastern testing regions (regions 
III and IV). In subsequent years, more population and family plots for beech were laid 
out, while work also began to establish plots for silver fir. The first test experiments 
for Scots pine were set up in 2010, the year which also brought the founding of the 
first plots with population and family progenies of Norway spruce. By the end of 
2014, 145 plots had been established to test populations and trees of silver fir, beech, 
Scots pine and spruce. The experiments run on the plots, which are located in no 
fewer than 105 Forest Districts, are testing the progeny of 492 selected seed stands 
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and 1394 mother trees. In accordance with the adopted methodology, symmetrical 
measurements and observations are carried out. 

This year will see the completion of the ten-year period of testing for populations whose 
progeny were planted in 2006. Following final detailed measurements and observations and 
assessments, first populations will be chosen for submission for registration at the Forest 
Reproductive Material Office, under Part IV of the National Register of Basic Forest Mate-
rial, serving in the acquisition of forest reproductive material in the “tested” category. 

THE CREATION AND MAINTENANCE OF THE FOREST SEED BASE  
IN THE STATE FORESTS

Jan MATRAS, Jan KOWALCZYK, Szymon JASTRZĘBOWSKI, Marcin KLISZ,  
Marcin KONIECZYŃSKI

Forest reproductive material used for reafforestation and afforestation in forests is col-
lected from the seed base created in the course of breeding programmes carried out in 
the State Forests. Such activities associated with the breeding of forest trees and seed 
production owe their development and significance to the outstanding researchers: Profs. 
Stanisław Tyszkiewicz and Stefan Kocięcki, as well as their students. 

The first targeted activities in forest tree breeding were undertaken as early as in the 
inter-War period, though in practice the selection of seed stands in the State Forests was 
not begun until the 1950s, inter alia, on the initiative of the Department of Dendrology 
and Pomology of the Polish Academy of Sciences in Kórnik. Later activities were already 
being coordinated by the Department of Seed and Selection of the Forest Research Insti-
tute, implementing the Regulation on the selection of seed stands of the most important 
forest tree species issued in 1959 by the Ministry of Forestry and the Timber Industry. 

The first seed stands were chosen in the State Forests in the early 1960s and up to 1975 
overall about 3000 ha of selected seed stands, mostly of pine and spruce, and about 1500 
plus trees, were chosen. The first seedling seed orchard (the “polonica” provenance of 
larch) was in turn established in 1966, as was a seed orchard in 1970. 

In 1975, on the initiative of the Executive Board of the State Forests and the FRI’s 
Department of Seed and Selection, The programme for improving seed and implementing 
the achievements of applied forest genetics in the State Forests in the period 1975-1990 
was prepared and implemented in the State Forests. These activities were continued by 
the The programme of conservation of forest gene resources and breeding of forest trees 
in Poland for the years 1991-2010, as enhanced by measures to conserve the genetic di-
versity existing in forests, the implementation of which began in the State Forests in 1991. 
The programme laid down the following strategic objectives: the conservation of forest 
gene resources, the improvement of the seed base and the breeding of forest trees with a 
view to enhancing favourable quantitative and qualitative characters in future generations 
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of forest. New factors affecting the functioning of the seed base in Poland, primarily 
those related to Poland’s accession to the European Union, made it necessary to align the 
principles of the creation and use of the forest seed base with rules applicable in the EU.

The previous activities in the scope of the creation and maintenance of the forest seed 
base were continued by The programme of conservation of forest genetic resources and 
breeding of trees in Poland in the years 2011-2035, the implementation of which started 
in the State Forests in 2011. 

The implementation of that programme should ensure: the creation of a population 
seed base at the level of 60% of forest needs and 40% as regards individual selection; the 
creation of a tested seed base (category IV) at the level of 10% of the total needs, of a 
selected seed base (category II) at the level of 30% of forest needs, and of a seed base of 
known origin (category I) at the level of 60%. 

ECOLOGICAL AND SILVICULTURAL METHODS OF MANAGING 
FOREST DISASTER AREAS IN THE BESKIDS

Stanisław NIEMTUR, Sławomir AMBROŻY, Jan MATRAS, Tadeusz ZACHARA

There is an ongoing increase in the frequency and range of disaster phenomena affecting 
mountain forests and resulting directly or indirectly from human activity. An early, well-
known and severe example concerned forests in the Sudety Mountains, and more specifically 
the Góry Izerskie range, where by the 1970s an area of almost 15,000 ha had suffered rapidly-
progressing and near-complete deforestation. Management of areas disaster-hit to this extent 
represented a new challenge for forestry. “Over many years, the number of concepts arising 
to try and counteract the effects of the disaster was almost the same as the number of people 
engaging with the topic. All of these ideas from human beings continue to be verified by nature 
– through to the present day, taunting their authors in the light of more modern knowledge on 
forests. It is important that a lesson of humility be learnt, in order that appropriate conclusions 
helpful to future generations may be drawn.“ (Krzewina and Bałazy 2010).

The complex causes of the ecological disaster in the Sudety Mountains also made them-
selves apparent in the various mountain sub-ranges known as the Beskids, albeit with a twen-
ty-year delay. On the basis of aerial laser scanning data, it was possible to calculate a disaster 
area that by 2012 exceeded 12,000 ha of more mature plantations, and more than 2000 ha of 
young plantations. This denotes an area comparable with that afflicted in the Sudety Moun-
tains several decades before; even though the forest habitats themselves are not comparable. 
Most of the disaster areas in the Beskids are in fertile habitats at least in theory capable of 
supporting broadleaved forest, and more generally conducive to the emergence of diversified 
biocenoses. Fortunately, these facts slow the processes of decline and dieback in the remaining 
(artificial) spruce stands actually present here, allowing for more of a controlled approach to 
management and the taking of proactive measures. 
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In the Forest District of Węgierska Górka alone almost 15 million seedlings were planted 
in the years 2000-2011. This represents almost 1600 seedlings per hectare and on average 
1.25 million per year. The spruces of the Beskids are also of better quality and higher viability 
than those of the Sudety range. While the famous Istebna spruces are becoming history, 
research carried out at the Department makes it clear that there has been major gene transfer 
between the parental and filial generations, with the result that naturally regenerating spruces 
may offer an 85.52% reflection of the parental generation’s entire gene pool.

Thus, in the Beskids at least, natural regeneration is only absent, or considerable 
difficulties with artificial regeneration present, when the undergrowth is strongly weed-
infested, in areas of higher altitude along the crests of ranges, where spruce stands only died 
or were destroyed by the wind in relatively recent times. In contrast to the “Black Triangle” 
of the Sudety Mountains, it remains correct to speak of the Green Beskids. However, losses 
of productive and non-productive functions will be unavoidable in the next few decades in 
the disaster areas identified in the Beskids, the best option thus available being to reduce 
losses, e.g. by stage-by-stage adaptation of management methods to the actual state of young 
and older plantations, as well as to the ongoing needs of society where the non-productive 
functions are concerned. Implementation of integrated monitoring is therefore a must, with 
systematic ground observations and surveys being combined with geomatic monitoring that 
also encompasses the issue of the protection of the wider landscape.

For the purposes of permanent ground observations and research, the Department 
of Mountain Forests of the FRI has established 32 experimental plots on which detailed 
inventories, increment measurements, descriptions of damage to woody species, phyto-
sociological surveys and chemical analyses of plant and soil material are all carried out. 
Experimental tending treatments are also implemented here. 

THE USE OF ACOUSTIC TOMOGRAPHY IN ASSESSING  
THE OCCURRENCE OF BUTT ROT IN MOUNTAIN STANDS

Stanisław NIEMTUR, Elżbieta CHOMICZ, Mariusz KAPSA, Sławomir AMBROŻY

Threats posed to stands by fungal diseases create the most serious problems for the 
management of forests in mountainous areas. Most often, they make it necessary to change 
the species composition and spatial structure of stands which were shaped in the past with 
a view to wood production being the dominant function.

Infectious diseases run their course and the decomposition of trunk wood often begins 
without visible crown symptoms. This means that confirmation of the presence of rot may 
only be possible once a tree has been cut, or else with the aid of specialised diagnostic 
methods. The latter include acoustic tomography, which provides information on wood 
quality in a cross-section of the trunk, by measuring the velocity of sound propagating 
through this medium. The application of this method allows for non-invasive testing of 
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trees at such valuable natural sites as Reserves and National Parks, as well as the Seed 
Stands established within managed forests.    

At the Department of Mountain Forests of the FRI, Picus Sonic tomography has been 
used since 2007, in research on the occurrence of butt rot. This testing has taken in stands 
with Norway spruce and silver fir, including mother trees, in the Silesian and Żywiec 
Beskids. Butt rot was found to occur with a similar frequency in the wood of both spe-
cies. The absence of butt rot from Douglas fir stands in the Forest Districts of Ujsoły and 
Węgierska Górka was also noted. 

In fir stands of the Carpathian Natural-Forest Region embraced by Reserve protection, 
research was carried out in four mountainous National Parks and eleven Reserves support-
ing the species. the work confirmed the relationship between the intensity of occurrence of 
butt rot and the ages of fir trees. At the same time, it was possible to note the presence of 
a large number of firs in Reserves that are  much older than their counterparts in managed 
forests, but still not affected by butt rot. This is important information indicating how trees 
from protected areas might be used as valuable sources of forest reproductive material. 

Thanks to the use of non-invasive acoustic tomography, it was possible to test protected 
stone pines (Pinus cembra L.) in the Tatra National Park. In October 2013, 30 trunks of 
stone pine were tested on the slopes of Żabie above the Morskie Oko tarn. It emerged that 
10 of the trees did not reveal the presence of wood damage, while 10 had rot through 25% 
of the cross-sectional area of the trunk, and a further 10 trees had suffered damage to more 
than 25% of the cross-sectional area. The damage found in 20 stone pines (about 67% of 
all the trees tested) can be considered substantial, though still much less severe than that 
identified in the spruces and firs of managed forests.

Tomography was also used to determine the occurrence of butt rot in mother trees of 
Norway spruce and silver fir in the Carpathian stands. 70 mother firs were tested in 8 different 
Forest Districts, along with 39 mother spruces in 3 Forest Districts. Samples were taken from 
trees with the most damaged wood or else with completely healthy wood, to determine genetic 
variability by reference to microsatellite DNA markers. The preliminary results indicate that 
trees may be genetically predisposed to having their wood damaged by fungal pathogens.

STONE PINES (PINUS CEMBRA L.) IN STUDIES OF DEPARTMENT  
OF MOUNTAIN FOREST

Stanisław NIEMTUR, Mariusz KAPSA, Elżbieta CHOMICZ

The Tatra Mountains are the only place in Poland in which the stone pine occurs naturally. 
A range limited to extreme, high-mountain conditions is in fact found to reflect high 
requirements for light in the species. At lower elevations, the species is primarily 
outcompeted by Norway spruce, this notwithstanding the former’s much greater resilience 
to shortages of water. Since 1946, the stone pine has featured among the species enjoying 
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protection in Poland. Indeed, it may well require special care in the future. Even several 
years ago it remained possible to find information on good growth and regeneration of 
the stone pine in the Polish part of the Tatra Mountains; but now it is possible to note the 
negative effects of enhanced threats posed to the species by both biotic and abiotic factors. 
The results of research carried out using Picus Sonic acoustic tomography confirm the 
occurrence of butt rot in numerous stone pine trunks. 

At the FRI’s Department of Mountain Forests, more than 16 years of research on 
intra-species diversity in Pinus cembra L. has been carried out, on the basis of traits of 
the progeny on two experimental plots. The plot in the upper mountane forest zone was 
laid out on the Śnieżnik massif within Międzylesie Forest District (3780 seedlings), while 
that in the lower montane forest zone was in Krościenko Forest District (7589 seedlings). 

The seedlings were grown from seeds collected from 45 stone pines at the four Tatra sites 
of “Morskie Oko”, “Dubrawiska”, ‘Zameczki” and “Tatry Bialskie”, which were selected in 
line with edaphic criteria. A calcareous substratum is present at the “Zameczki” site (in the 
Biały Valley, where there are10 mother trees) and at “Tatry Bialskie”, which is on the Muran 
Massif in Slovakia (10 trees). These two sites have opposite exposures – northern and southern. 
A granite substratum is in turn present in the area of the “Morskie Oko” site (where there are 
15 trees) while the “Dubrawiska” site on the slopes of Mount Żółta Turnia (with 10 trees) is in 
turn a site related to quartzites, which is known for its lowered, edaphically-imposed treeline.

After 16 years of the research into the growth of stone pines of these four Tatra Moun-
tain provenances, substantial intra-species diversity of the taxon was found in the conditions 
of the two experimental plots established. Through 14 years of growth of the seedlings on 
experimental plots, the pines originating from seeds collected at the “Morskie Oko” sited 
showed greatest survivability, the best growth and the longest needles. The results of mea-
surements and observations also indicate that the investigated stone pine seedlings present 
a good state of health whether they are in the extremely difficult conditions of the upper 
montane forest zone, or on the experimental plot in the lower montane forest zone, on what 
was previously a grazed glade taken over by Krościenko Forest District. Preliminary labora-
tory analyses and field measurement confirm considerable genetic richness and substantial 
differences in growth features characterising young trees of the different provenances. The 
laboratory analyses being continued with as part of the doctoral dissertation of Mariusz 
Kapsa, M.Sc., will allow for still-better characterisation of genetic traits in the stone pine. 

MOLECULAR DETECTION AND IDENTIFICATION OF ORGANISMS 
FOR THE PURPOSES OF FORESTRY PRACTICE 

Justyna NOWAKOWSKA, Anna TEREBA, Agata KONECKA, Małgorzata BORYS, 
Jolanta BIENIEK

The Laboratory of Molecular Biology (LMB) at the Forest Research Institute (IBL) carries 
out a wide range of laboratory tests for scientific-research and practical purposes. Analy-
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ses as regards molecular diagnostics are performed using specialist equipment such as the 
capillary sequencers known as the 3500 Genetic Analyzer (from LifeTechnology™) and 
the CEQ 8800 (Beckman-Coulter®), as well as (Veriti® and BioRad®) thermocyclers, the 
Step One Plus real-time PCR system (from LifeTechnology™), the NanoDrop® ND-1000 
spectrophotometer and the Bioanalyser® chip electrophoresis system. 

Since 2009 comparative analyses of the DNA in wood have been carried out, pro-
viding strong evidence in court cases against timber thieves. Due to an original procedure 
developed by the LMB, the results of analyses of DNA profiles from supplied samples of 
evidence (wood, needles, leaves and seeds) offer almost 100% correlation with the genet-
ic identity of reference material (stumps in a forest. The species tested in this way to date 
include Scots pine, stone pine, Norway spruce, pedunculate and sessile oaks, European 
beech, common alder, verrucose birch, European silver fir, Japanese and common larch, 
European ash, common hornbeam and sycamore. 

The use of organelle DNA markers in turn allows for the precise determination of 
taxonomic affinity and the detection of interspecific hybrids among larches Larix spp. 
and poplars Populus spp.

Since DNA analyses allow for the rapid and precise identification of invasive pathogens 
in nurseries and stands, they are useful in the practice of forest protection, contributing to 
the preservation of the sustainability and diversity of forest ecosystems. The globalisation 
of trade and observed climate change are fostering the near-uncontrolled spread of foreign 
invasive insect pests, nematodes and pathogens (fungi, Oomycota). Using a qPCR DNA 
analysis technique developed for eight species of Phytophthora (P. alni, P. cactorum, 
P. plurivora, P. lacustris, P. hungarica, P. megasperma, P. quercina, P. pseudosyringae), 
it is readily possible to check the health condition of tree seedlings. The qPCR analysis 
and sequencing is also used to detect the presence of dangerous fungal pathogens of the 
genera Heterobasidion, Chalara and Dothistroma. 

These activities are all consistent with active integrated plant protection in compli-
ance with the EU’s sustainable use of pesticides directive (Directive 2009/128/EC of the 
European Parliament and Council). 

THE GENETIC STRUCTURE AND POPULATION VARIABILITY OF THE 
MAIN FOREST TREE SPECIES, PATHOGENS, INSECTS AND MAMMALS 

Justyna NOWAKOWSKA, Anna TEREBA, Agata KONECKA, Małgorzata BORYS, 
Jolanta BIENIEK

The genetic variability of organisms living in a forest ecosystem is one of the key el-
ements ensuring survival, and the adaptation of a species to environmental conditions. 
The IBL’s Laboratory of Molecular Biology carries out research on the structure of ge-
nomes and DNA polymorphism in the main forest-forming species, fungal pathogens, 



 117

insect pests and mammals, in accordance with the provisions of Commission Directive 
2008/62/EC on the preservation of genetic resources and Directive 2009/128/EC on inte-
grated plant protection. 

The research on the genetic diversity of the main forest-forming species on the basis 
of polymorphic nuclear DNA markers (e.g. RAPD, SNPs and SSR) and organelle DNA 
markers (PCR-RFLP, STS, cpSSR and mtSSR) includes, for example, the determination 
of the genetic structure of a population at the intra- and inter-population levels, and the 
identification of natural genetic processes in regenerating populations, i.e. gene transfer, 
self-pollination and changes in gene frequency. The analysis of the structure of the ge-
nomes of pine, spruce, fir, larch, oak and beech has also allowed for precise elucidation of 
their post-glacial migration in Europe beginning 12,000 years ago. 

DNA analyses (qPCR) and next-generation sequencing (NGS) were used to determine 
the taxonomic affinity of Oomycetes species present in environmental samples (plant 
tissues, water and soil), as well as the genetic affinity (phylogenesis) of pathogenic fun-
gal species of the genera Phytophthora and Pythium. 

The use of the sequencing techniques and SSR markers also allowed for a determi-
nation of species affinity, and for identification of the degree of genetic variability, in 
investigated populations of cockchafer Melolontha spp.

Analyses of nuclear DNA showed how progressive fragmentation of forest environ-
ments had affected the genetic structure in selected bat species playing an important 
role in forest ecosystems (Myotis mystacinus and Plecotus auritus). Using microsatellite 
DNA markers, it was possible to detect inbreeding, an unfavourable effect in terms of the 
adaptation of these mammals and their resilience to diseases, and making it clear what the 
degree of spatial isolation of bats in Poland may be. 

In the game management context, DNA analyses made it possible to determine actual 
and effective sizes of deer populations, as well as to identify the migration routes used by 
game, and their genetic diversity, and to assess the indirect and direct effects of selection 
pressure imposed by hunting.

THE ENZYMATIC ACTIVITY OF SOILS AS AN INDICATOR  
OF CHANGES IN THE FOREST ENVIRONMENT

Grażyna OLSZOWSKA

An assessment of biochemical soil activity is a useful indicator of changes in the forest 
environment under the effect of such abiotic or biotic factors as:

 –  fire – with soil-activity surveys carried out on large-area fire sites ten years after 
the fire indicating that microcoenoses have not yet been fully restored, albeit with soil 
regeneration following the fire in Potrzebowice FD expected to take less time than that in 
Rudy Raciborskie FD, 
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 – the wind – with urease and dehydrogenase activity relating to stand age, since in 
new plantations and younger stands changes in organic matter are more intensive, while 
soil-enzyme activity was greatest on plots with moderately damaged, but unremoved 
high pole wood, with a comparison of levels of activity immediately after hurricane gale, 
and on experimental plots with different treatments, making it possible to determine 
biochemical changes in the soil environment,

 – anthropogenic disturbances, including pollutants – with an excessive accumula-
tion of heavy metals in soil inhibiting enzymatic activity,

 – forest management – with the biochemical indicator of forest site fertility (BI) 
proving useful in comparative studies assessing the quality of soils or their response to 
external factors, both natural and anthropogenic,

 – breeding – with a correlation found at many sites between the value of the bio-
chemical indicator of forest site fertility (BI) and stand soil quality classes offering a basis 
for the indicator to be used in detailed typological diagnosis of more fertile forest sites, 
particularly those deformed as a result of economic activities. 

The results of surveys on soil enzymatic activity, and the indicators elaborated on the 
basis of them, provide a good deal of new information by which to assess the condition of 
forest sites examined and to make reliable forecasts of the impact of different factors on 
the development of forest ecosystems. The indicator of forest site fertility can be used in 
a detailed diagnosis of the condition of forest sites, can complement chemical studies on 
soils and contribute to a better characterisation of forest site types, as well as monitoring 
of the condition of soil.

DYNAMICS OF NATURAL TREE STANDS IN BIAŁOWIEŻA FOREST

Rafał PALUCH 

Białowieża Forest is one of the largest and best-preserved forest areas anywhere in the 
Central and Eastern European lowlands. Its existence therefore makes for the processes 
and functioning characteristic of natural ecosystems to be explored, this also being of 
great significance to the development of a concept that silviculture in forests that are 
managed might nevertheless imitate closely the situation in nature. Research carried out 
in the whole period since the 1970s has sought: (1) to determine changes ongoing in spe-
cies composition and stand structure in relation to permanent research plots monitored 
over the last 30-40 years, and (2) to assess ongoing trends in terms of their direction and 
pace. The IBL’s permanent research plots are in fact laid out across all the forest commu-
nities in the Białowieża Forest (including in nature reserves or forests to which protection 
measures have not been extended), and assessments on them have been repeated approxi-
mately every 10-15 years. The total number of replicated permanent research plots is 125. 
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Analysis of changes in species composition (shares of tree species) on the basis of 
their density in selected forest communities (fresh coniferous forest, mixed/coniferous 
forest, mixed/broadleaved forest, alluvial alder and ash forest) confirmed a significant 
increase in the share of common hornbeam in the formation of stands throughout the 
Białowieża Forest. The expansion of this species in different habitats, including those of 
poor or moderate fertility has caused a unification of the species composition of forest 
communities, making them resemble oak–lime-hornbeam forest to an ever-greater extent. 
In natural conditions, in most of the forest associations analysed, it was hornbeam that 
dominated in the process of forest regeneration. 

Spruce has been withdrawing to oligotrophic forest communities, with recent decades 
witnessing a drastic reduction in the quantitative presence of the species in stands of 
mixed/coniferous and oak–lime-hornbeam forests. The role played in stands by pine, 
oaks and birch have also declined markedly, and this is also true of the regeneration layer, 
throughout the Forest, under conditions of both strict conservation and partial protection 
as implemented a dozen or so years ago (with slight human intervention). Over the past 
15 years, the share of ash is also found to have decreased substantially.

In terms of the pace and extent of changes in stand species composition, the habitats 
investigated can be arranged in the following order: mixed/broadleaved forest, mixed/
coniferous forest, fresh mixed/coniferous forest and alluvial alder and ash forest. Fur-
thermore, it seems that the pace of the changes in question has accelerated over the last 
10-15 years.

DIFFERENT ASPECTS TO POPULATION DYNAMICS OF THE MAIN 
DEFOLIATORS OF SCOTS PINE

Lidia SUKOVATA, Andrzej KOLK, Sławomir ŚLUSARSKI, Tomasz JABŁOŃSKI, 
Tomasz JAWORSKI, Sławomir LIPIŃSKI, Robert WOLSKI, Cezary BYSTROWSKI

Population dynamics is the branch of the life sciences focusing on density changes in 
populations of living organisms over time, as well as the factors contributing to them. In 
forestry, the understanding of processes ongoing in populations of forest insects allows 
for the correct interpretation of results from monitoring, and hence also for forecasts 
regarding the onset of pest outbreaks and the development of optimal control strategies. 

Since insect defoliators pose the greatest threat to stands of Scots pine a decade and 
more of research at the IBL’s Department of Forest Protection has focused on improving 
assessments of their populations to allow for short-term forecasts of the threats posed to 
stands. An evaluation of different methods by which to make autumn searches for pine 
defoliators about to overwinter in forest litter revealed a high level of forecasting accura-
cy in the case of the so-called 10 plots method, which was then introduced into the Forest 
Protection Guidelines in 2004. 
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Research into the biology and ecology of pine sawflies, and the possibility of assess-
ing outbreak potentials for the nun, pine, pine beauty and pine looper moths included 
analyses of vitality, the percentage of females in the population, fecundity and other cri-
teria. The method of frass drop measurement for these species has also been evaluated (in 
cooperation with the University of Life Sciences in Poznań) and proved to be very useful 
in assessing the population density and vitality of larvae. 

Detailed research showed an important role of the parasitoids of eggs (e.g. Teleno-
mus sp.) and larvae (np. Blepharipa sp.) in the course of an outbreak of the pine moth, 
as well as the larval parasitoid Parasetigena silvestris, in the case of the nun moth. The 
experiments at the Scots pine seed orchard in Pniewy Forest District revealed a significant 
effect of food quality (depending on clone origin) on the survival, growth and fecundity 
of the nun moth. It thus pointed to a possibility of selective tree breeding being applied to 
enhance the resistance of stands to this insect.

In turn, analyses of long-term data on the occurrence of pine defoliators in the Noteć 
Forest allowed for: 1) the formulation of a definition of permanent outbreak foci, which 
served as a basis for their locations in the forest, and subsequently throughout the country, 
to be identified (by staff of the State Forests); 2) preliminary determination of site and 
stand conditions capable of serving as indicators of outbreak foci; 3) the development of 
models for mid-term prediction of the onset of outbreaks of the nun, pine, pine beauty and 
pine looper moths, in line with prevailing meteorological conditions.

IN VITRO CULTURES IN FOREST TREE BREEDING

Krystyna SZCZYGIEŁ, Iwona SZYP-BOROWSKA, Jolanta BIENIEK

Vegetative propagation and the production of new individuals from a part of the maternal 
tree preserves more effectively the desirable breeding features in the progeny than gen-
erative propagation does. Furthermore, in forestry practice it makes possible a rapid im-
plementation of the results of tree selection. One of the vegetative propagation methods 
is multiplication by means of tissue culture (in vitro). The basic advantage of vegetative 
plant propagation using such a method is the possibility of obtaining - in just a short time 
- a large number of new organisms from a small amount of parent material. 

In the 1990s, the Forest Research Institute established the Laboratory of Tissue Culture, at 
which methods for the micropropagation of trees – organogenesis and somaticembryogenesis 
– were employed. The organogenesis method was used to propagate such species as hybrid 
aspen (Populus tremula x tremuloides), Norway spruce (Picea abies (L) H. Karst), European 
larch (Larix decidua Mill.), wild cherry (Prunus avium L.), silver birch (Betula pendula Roth), 
sour cherry (Prunus fruticosa L.) and now black locust (Robinia pseudoacacia L.). 

Somatic embryogenesis, i.e. the formation and development of embryos from somatic 
(vegetative) cells without fertilisation and a zygote, is a more productive in vitro method 
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for tree propagation. It makes it possible for one explant to give rise to a practically in-
finite number of somatic embryos, and from these, seedlings. The somatic embryogenesis 
method was used to propagate: Norway spruce (Picea abies (L) H. Karst), European larch 
(Larix decidua Mill.) and silver fir (Abies alba Mill.). Depending on the origin of the 
embryogenic callus, for Norway spruce 200-500 somatic embryos were obtained, while 
for common larch more than 1000 embryos could be derived from just 1 g fresh mass of 
an embryogenic callus.

Micropropagation is used for those trees species and shrubs selected for the most im-
portant needs of forestry and industry (e.g. rapid growth increment or an attractive wood 
pattern, as well as favourable physical and chemical properties of wood). 

This method is also an alternative to the propagation of those trees that crop seeds late 
in life, and irregularly, in small quantities, or else those for which long-term cold storage 
(of “recalcitrant seeds”) proves problematic. It is also useful when propagation by tradi-
tional methods (rooting, grafting, layering, etc.) proves difficult, and brings low yields, 
or else where there is a pressing need for protected or endangered plants to be preserved. 

IT TOOLS AND NEW TECHNOLOGIES IN FOREST FIRE PROTECTION

Ryszard SZCZYGIEŁ, Mirosław KWIATKOWSKI, Józef PIWNICKI,  
Bartłomiej KOŁAKOWSKI

Forest fires are among the main factors causing long-term adverse change in forest 
ecosystems. In the 1990-2014 period, some 212,560 fires broke out in Poland, over an 
area totalling 189,589 ha. Possibilities for the risk of fire to be addressed should be sought 
in preventive measures and the optimisation of rescue operations. The fire and forest 
services can be supported effectively by IT tools developed at the IBL’s Laboratory of 
Forest Fire Protection, and then implemented in practice. 

The forest fire model allows the spread of a fire to be simulated and the firefighting 
operation planned. Using the developed application, calculations can be performed for 
fires of the litter, grass and heather types of cover, and for total fire in a stand. Depending 
on wind speed, the moisture content of fuel and its mass and the fire front velocity, the 
area and circumference of a fire are calculated. Expected increments of the fire area and 
circumference can them be calculated, as well as the front velocity, allowing the rescue 
services to deploy resources correctly and choose the optimum suppression technique. 
The software is also used to predict the possible spread of fires, depending on the weather 
parameters acquired from a network of forest weather stations, in relation to analyses of 
past fires and for training purposes.

The National Forest Fire Information System (KSILP in Polish) forms part of the 
European Forest Fire Information System and collects data on all forest fires, irrespective of 
ownership type. It inter alia allows for the preparation of reports on the fire situation, for the 
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purposes of both domestic users (the Ministry of the Environment, the General Directorate 
of the State Forests, the Regional Directorates of the State Forests, Forest Districts, National 
Parks, the State Fire Service and the Central Statistical Office) and the European Union. 

Remote sensing methods used in the assessment of fire risk characterise stands in 
terms of their vulnerability to fire outbreaks. The method for modelling the shares of 
selected forest habitat types on the basis of Corine Land Cover maps and digital terrain 
models allows for the assignment of fire-risk categories to (private) stands for which there 
are no detailed habitat maps. The estimation of the fuel load of pine stands on the basis of 
Landsat satellite imagery also provides exact data for the modelling of forest fires. 

At present, another project is being implemented using the high-resolution remote 
sensing method, Lidar, which uses a concentrated radiation beam (near and medium in-
frared) to create spatial terrain models. The purpose of this project is to determine the 
usefulness of ground-based laser scanning in developing a method to determine the fuel 
load of pine stands of younger age classes growing at the most flammable sites. For this 
purpose, selected plots in stands are scanned and their elements of combustible biomass 
then measured physically to provide reference data. 

THE INTERNATIONAL COOPERATION OF LABORATORY  
OF FOREST FIRE PROTECTION

Ryszard SZCZYGIEŁ, Mirosław KWIATKOWSKI, Józef PIWNICKI,  
Bartłomiej KOŁAKOWSKI

Over the last 10 years the IBL Laboratory of Forest Fire Protection has participated in 
several important international projects. FIRE PARADOX was the largest of these, 
implemented by 30 foreign partners, and its results include a forest fire model, as well 
as the strategic assumptions that are to underpin integrated fire management in the 
European Union. These assumptions recommend the use of fire to extinguish forest fires, 
and prescribed burning of accumulated plant fuel to reduce the risk of catastrophic fire 
outbreaks, particularly in fire-dependent ecosystems. 

Within the framework of the EUFOFINET project (13 partners) and the EFFMIS 
project (11 partners), as implemented within the framework of the Interregional 
Cooperation Programme INTERREG IV, project partners could become acquainted with 
good practices applied in the partner countries, as related to the IT systems used in the early 
detection of forest fires, fire prevention, the organisation of firefighting operations, the 
assessment of damage and the methods by which burnt areas are managed subsequently. 
All the partners developed their own action plans with the aim of implementing best 
practices in national or regional forest fire protection systems. The Polish action plan 
developed as part of the EUFOFINET project was based on the experiences of the French 
partner and provided for the training of the crews of patrol and fire-fighting vehicles of the 
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State Forests, in line with the uniform training programme elaborated. The organisation 
of such a training programme was necessary in line with both safety considerations and 
formal requirements. The action plan prepared as part of the EFFMIS project provided 
for the use of good practices applied by the Spanish partners, and entailed the provision of 
persons and units participating in a rescue operation with specialist equipment to provide 
for easy localtion in the field and an efficient exchange of information.

Under the FORFIRE project (8 partners), a new fire detection system was developed 
and a unique model of an integrated camera built, this consisting of two types of image 
sensor, i.e. a typical CCD camera and a VUV camera, sensitive to the vacuum ultraviolet 
radiation only emitted by flames. 

The FOREST FIRE CAUSES project (8 partners) addressed outbreaks of forest 
fires in temporal and spatial terms, as well as the causes of outbreaks, the major factors 
affecting such outbreaks in different regions of Europe and the elaboration of a uniform 
method for their determination. The method for classifying fire causes, developed as part 
of the project, was implemented by the countries of the European Community, including 
Poland. The Laboratory also participated in the implementation of the PROFOREST and 
FOREST FOCUS projects. 

MOLECULAR TECHNIQUES IN FOREST TREE BREEDING PROGRAMMES

Iwona SZYP-BOROWSKA, Joanna UKALSKA, Aleksandra NOWICKA,  
Joanna SIMIŃSKA

Increases in stand productivity and improvements in timber quality can both be achieved 
on the basis of breeding programmes involving the selection of trees at the individual or 
population levels. However, those seeking to breed forest trees always face substantial 
limitations give, for example, the long life cycle involved, the low heritability of certain traits 
of economic importance and the fact that selection for one trait can and does entail change 
in other traits. However, progress in genomics over the last few years has brought new tools 
by which the value in cultivation of successive generations of tree can be predicted. 

Work done at the IBL’s Department of Silviculture and Genetics of Forest Trees of 
the IBL attempted to characterise and map quantitative trait loci used in the selective 
breeding of Scots pine (Pinus sylvestris L.). Using polymorphic AFLP markers and an 
open-pollinated mapping population, a genetic map was constructed and the quantitative 
trait loci (QTL) controlling height growth in the pine population located. The QTL 
mapping based on random or specific markers represents an important step in research 
on genes underpinning complex and useful traits. The inheritance of these traits in 
forest trees represents a challenging where selection is concerned. The development 
of the DArT (Diversity Array Technology) technique using microarray technology 
can speed up the identification of new markers for forest tree genomes. By entering 



124

into cooperation with Diversity Array Technology Pty. Ltd. of Yaralumla, Australia, it 
became possible to use the analysis of single nucleotide polymorphisms (SNPs) and 
DArT markers to study the inheritance of traits of economic importance in Scots pine 
breeding programmes.

4086 SNP markers and 7086 DArT markers have been identified. for the progeny 
of 67 plus trees. These results point to the usefulness of advanced strategies capable of 
ensuring new quality in the breeding of forest trees, with these involving correlation be-
tween the phenotypic variability of a trait and differentiation in the sequences of genes 
that determine it. 

PRIVATE FORESTS IN POLAND – THEIR STATUS AND PROSPECTS

Emilia WYSOCKA-FIJOREK, Adam Tomasz SIKORA 

The ownership structure of private forests in European countries is differentiated and 
results from different historical experiences, cultural differences and socio-economic 
factors as regards the management of private forest properties. In the European Union as a 
whole, private forests cover about 115 million ha, this representing almost 60% of all the 
forests in this part of Europe. Private forests in turn belong to about 15 million different 
forest owners, including the 840,000 private forest owners in Poland (i.e. some 7% of the 
EU total). In the EU as a whole, an average owner has about 9.6 ha of forest; though there 
are major differences, since the average owner in Finland manages a forest area of about 
27 ha, in contrast to an area of only about 1.4 ha in Poland. In our country the area of 
private forests is about 1,737,000 ha, this representing about 18.5% of the total. 

Research on the private forests in Poland was initiated by Prof. Tadeusz Marszałek in the 
1960s, and its scope included economic and management aspects of private forest properties 
in the area of the then Krakowskie Voivodship. The IBL carried out its first comprehensive 
survey in this sphere in 2004, on the basis of a nationwide sample of forest owners and 
land-owning cooperatives (N = 520). A subsequent survey in 2007 used a representative 
nationwide random sample of forest owners, in line with data from the General Agricultural 
Census of 2002 (N = 1112). In the area of Podlaskie Voivodship (N = 105), the main focus 
was on the socio-economic aspects of the management of private forest properties. The 
possibility of self-organisation of private forest owners was also investigated.

Private forests in Poland are characterised by far-reaching fragmentation, this hampering 
the implementation of sound forest management. The absence of up-to-date and simplified 
forest management plans is another substantial problem. County-level administrations 
were also found to lack the funds needed to exercise supervision over private forests 
as they are obliged to. It was noted that there were no consistent and systemic advisory 
services for forest owners either. A further important problem was the absence of 
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more substantial assistance (apart from for afforestation) in the domestic and EU 
assistance programmes, e.g. the RDP. It was found that harvested raw material was used 
inefficiently, since about 90% of wood was used as fuel. In private forests, in recent 
years, on average of about 3 million m3 of wood was harvested annually, with about 
50% of this going unregistered. The area of stands originating from natural succession 
processes and unregistered was estimated at some 300,000 ha. It was also found that no 
reasonable amendment regarding private forests had been made to the Act on Forests 
(1991) or the Act on the Management of Land-Owning Cooperatives (1963). 

RESULTS OF THINNING STUDIES ON PERMANENT EXPERIMENTAL 
PLOTS 

Tadeusz ZACHARA

Research on thinning began to be performed at the Forest Research Institute (IBL) in the 
1950s, with the aim being to offer a fuller scientific basis for the selective thinning then 
being introduced in the State Forests. The work was carried out in stands of pine, oak and 
beech, and its aim was to determine quantitative and qualitative criteria in line with which 
future crop trees might be selected. An effect of this work took the form of provisions set 
out in The Principles of Silviculture, which require that – as early as at the beginning of 
age class II – a future crop tree must exceed an average tree in terms of DBH by 20-30%, 
particularly in pine and oak stands. 

In the years 1967-1976, the random block method was used to lay out successive 
series of thinning plots in pine stands. This research was aimed at determining the opti-
mum intensity of selective thinning from the point of view of stand productivity, as well 
as assessing the silvicultural consequences of the so-called linear cutting. In the light of 
damage brought about by abiotic factors in the course of the research, the scope of the 
work was expanded to include stand stability. It was demonstrated that the minimal inten-
sity of the first treatment capable of yielding greater girth increments in future crop trees 
was 20-30%, with selective thinning also acting to diminish the period of reduced stand 
stability by some 10-15 years. No effect of thinning on the overall volume of timber pro-
duced was to be noted, except for a slight effect on available production, i.e. a reduction 
due to the size of “dropouts”.

The most recent series of thinning experiments was put in place in the 1999-2001 
period, with the aim of comparing the stand growth in conditions of strong thinning 
carried out to favour target trees, or stabilising group thinning, with moderate thin-
ning. The preliminary results indicate that strong thinning poses a higher risk that 
stands will be damaged, to the extent that only limited use ought to be made of this 
approach.
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THE NATURAL REGENERATION OF PINE, SPRUCE AND OAK –  
AT PRESENT AND IN THE FUTURE

Tadeusz ZACHARA, Grzegorz ZAJĄCZKOWSKI, Adam KALISZEWSKI,  
Dorota DOBROWOLSKA, Andrzej BOCZOŃ, Rafał PALUCH, Sławomir AMBROŻY

The aims of the research carried out in 2009-2011 were: to determine the present area of 
application of the method of natural regeneration of the most important forest-forming 
species in the State Forests, to identify forest areas with climate and habitat conditions 
favouring the renewal of selected tree species by self-sowing, and to define the growth 
rate and development prospects for naturally regenerating trees in relation to different site 
types and stand conditions.

Polish forests are found to have a large potential for natural regeneration via sponta-
neously occurring new growth under the stand canopy and in open spaces. The expansion 
of the areas of self-sown pine is, for example, of key importance in increasing the spatial 
extent of areas subject to natural regeneration. This can be effected through the use of 
regeneration under the canopy, particularly in Natural Forest Region VI and the northern 
part of Regions III and IV. Spruce regeneration should be encouraged in Natural Forest 
Regions VII and VIII in particular, as well as in Regions V and VI, where it high growth 
rates are achievable, in particular in upland site types. In the case of broadleaved forest 
site types, natural regeneration should be supplemented by regeneration of accompanying 
species, in order to prevent homogeneous spruce stands from arising. In Region II (Ma-
zury-Podlasie), spruce regenerates very well in pine stands. 

The oak regeneration rate depends to a large extent on habitat conditions, the spe-
cies regenerating most readily in fresh mixed/coniferous forest habitats and fresh mixed/
broadleaved forest habitats, where it occurs as a co-dominant or admixture species. In 
contrast, effective regeneration of pedunculate oak in particular is paradoxically difficult 
to achieve in the broadleaved forest site types which are optimal for it. 

The analysis of the costs of natural and artificial regeneration point to a large difference 
in favour of natural regeneration, particularly in the case of spruce. 

A NEW METHOD OF FOREST VALUATION – TABLES OF STAND 
VALUE COEFFICIENTS 

Stanisław ZAJĄC 

This study characterises existing forest valuation methods and the Tables of stand value 
coefficients used to date in Poland, which is to say methods based around costs incurred, 
expected value and sale value. A new methodology has been proposed for forest valua-
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tion, taking into account the theory of the value of money, including, inter alia, the invest-
ment method (using deferred (prolonged) or discounted cash flows) and the calculation of 
the net present value of forest-based land properties.

The aim of the presentation is to show the results of the amendment to the Tables of 
stand value coefficients – 6th edition, 2002, i.e.: (1) the development of new methods for 
the valuation of the standing resource in stands and the establishment of new conversion 
factors for the value of stands, to allow for the valuation of different damage and forest-
based properties, 2) the development of new methods by which to assign a tangible 
value to losses incurred through the premature felling of a stand and a harmful impact of 
damaging factors on a forest. 

The level of the losses (compensation) related to the premature felling of a stand in 
accordance with the Regulation of the Minister of the Environment of 2002 is much higher 
in comparison with the (new) proposed method. This relates to middle-aged or older stands.

The amended Tables of stand value coefficients are consistent with the present legal 
situation as regards the valuation of forest-based landed properties, and forest damage 
and compensation. They are thus a useful tool for property experts in the valuation of 
forest resources and estimation of damage to forests. 

PLANTATIONS OF FAST-GROWING TREES AS SOURCE  
OF RAW TIMBER

Kazimierz ZAJĄCZKOWSKI, Tomasz WOJDA 

The establishment of plantations of fast-growing trees involves the intensive cultivation 
of clones or narrow populations, selected for their positive traits where growth increment 
and quality are concerned. These are in turn selected from within certain species 
characterised by an early culmination of volume increment or else artificial hybrids. They 
are established to produce quantities of raw timber that are as large as possible, in order to 
serve the needs of industry or the power-generation sector over production cycles shorter 
than those used in more typical forest management. 

The classical form of plantations of fast-growing trees in Poland involve the poplars 
whose planting first became popular here at the end of the 1920s. The launch of systematic 
research on the plantation-based growing of poplars was related to the establishment of the 
Department of Poplar Cultivation at the Forest Research Institute (IBL) in 1956. At present, 
research within this scope is carried out at the IBL’s Department of Silviculture and Genetics 
of Forest Trees. For the most part, the poplar plantations laid out on a mass scale from the 
mid-20th century onwards proved to be a failure, discouraging foresters for many years 
thereafter, though in fact because the selection of varieties had been wrong, while costs of 
establishing the plantations on forest land had been high, with spacing excessively dense 
and no systematic treatment of soil and trees. Thus a potentially more effective growing of 
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poplar trees could not be ruled out, hence long-term IBL research to generate know-how as 
to how poplars might be cultivated in the conditions of Polish nature. It was demonstrated 
that plantations designed to produce raw timber, established with a 5 x 5 or 6 x 6 m spacing 
in suitable habitat conditions could generate average annual increments of merchantable 
timber in excess of 25 m3/ha – in the case of ‘Hybrida 275’ poplars aged 25-30 years. 
Similar increments were also found for balsam poplars (‘Hybrida 275’, ‘Fritzi Pauley’) in 
rotation of 10-20 years with 3 x 3 m spacing (the production target here being medium-
sized timber for papermaking). In similar conditions, aspen hybrids bred selectively at the 
Institute were found to exceed production of 15 m3/ha at age 20 years. 

In 1968, an extensive IBL-coordinated research programme began, with the aim of 
developing methods for the plantation-based cultivation of fast-growing forest trees, 
primarily European larch, Norway spruce, Douglas fir and silver birch. The Forestry 
Faculties of what are today the Warsaw and Poznań Universities of Life Sciences also 
took part in the programme. Over a long (25-60-years) production cycle supplying 
sawmills and valuable timber, the average annual increment for larch was found to be 14 
m3/ha, while that for Douglas fir was 12 m3/ha. Birch is also suitable for cultivation in 
plantations, achieving annual volume increments of up to 9 m3/ha.

In the 1990s, the FRI joined research on the cultivation of fast-growing species (willow 
and poplar) in plantations of short rotation (2-6 years) producing fuelwood. In the economic 
conditions, their yields may be of about 7-8 tonnes of dry mass/ha/year.

In the last decade, the FRI has also commenced with research on possibilities for the 
plantation-based cultivation of other species with valuable wood, such as the black locust, 
wild cherry and wild service tree. 

HISTORICAL FIRES OF VARIOUS INTENSITY IN SCOTS PINE STANDS 
OF BIAŁOWIEŻA FOREST

Ewa ZIN, Mats NIKLASSON

Fires in Białowieża Forest occur nowadays rather incidentally, they are effectively controlled 
and suppressed and thus affect very small areas (smaller than 0.5 ha). Nevertheless numerous 
stands with fire scarred trees, stumps and snags, especially in the conifer dominated sites, 
can be found; indicating fire presence in the past. To characterize the historical fire regime 
in Białowieża Forest we reconstructed fire history with dendrochronological methods in 
a Scots pine-Norway spruce forest stand located in the Belarusian part of that area. We 
analyzed fire frequency at stand and point scale, seasonal distribution of fires and fire 
intensity. As proxies of fire intensity we applied tree diameter at the first fire scar and post-
fire growth response. To evaluate the degree of generality in the results and to assess the 
potential climate influence on the historical fire regime in Białowieża Forest, we compared 
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our results to data from a previous study conducted in a site of analogous habitat and stand 
structure located in the Polish section of that area. 

Based on cross sections and increment cores from 55 living and dead Scots pine trees 
(Pinus sylvestris L.) we dendrochronologically reconstructed 29 fire events in the period 
1645-2010. Historical fire regime was likely dominated by events of low intensity. Such 
fires were not conducive to tree mortality even of young individuals with diameter be-
low 6 cm and they were hardly affecting the post-fire tree growth. The majority of the 
surviving trees showed positive or no post-fire growth response. The observed high fire 
frequency (each 9 years on average) suggests limited fuel build-up being a limiting factor 
for fire intensity.

However, our data evidenced also the occurrence of high-intensity fires resulting in 
high tree mortality and initiating cohort regeneration. An event of such high intensity in 
the studied stand was the fire in 1718. It caused very strong negative growth reactions in 
the surviving individuals. Comparison with the results from the fire history study done 
in the Polish part of Białowieża Forest revealed many similarities in the historical fire 
regime parameters, including: 1) dominance of dormant and early-season fires of low 
intensity, 2) occasional occurrence of high-intensity fires, 3) high fire frequency between 
mid-17th century and the first half of the 19th century and 4) gradual decline in fire 
occurrence since the first decades of the 20th century.

Our results suggest that low-intensity fires likely prevailed in the historical fire regime 
in Białowieża Forest. However, the occurrence of sporadic high-intensity fires was also 
evidenced. Those disturbance events were causing dramatic changes in age- and spatial 
structure of tree stands.

Authors represent: Forest Research Institute (IBL), Department of Natural Forests, 
Białowieża, Poland (Ewa Zin) and Swedish University of Agricultural Sciences (SLU), 
Southern Swedish Forest Research Centre, Alnarp, Sweden (Ewa Zin, Mats Niklasson)

THE FOREST ORAL HISTORY ARCHIVE

Tomasz ZYGMONT

A first (pilot) Project concerning oral history in Polish forestry and nature conservation 
was concerned with the protection of stands, and nature in general, within the Białowieża 
Forest. The objective was to preserve in film form the recollections and thoughts of 
those who had been witnesses to the history of that world-renowned Forest, including 
retired forestry, scientific and nature-conservation employees. From the outset, the plan 
was to make recorded biographical and narrative recollections available in full versions, 
alongside a website established to offer extracts from those recordings. Interviews were 
thus carried out in the years 2012-2013, with most of the recording sessions taking place 
in the different Forest Districts (of Białowieża, Browsk and Hajnówka), though also in 
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some cases in Białystok, Warsaw and Sękocin Stary. It was most typical for the sessions 
to be run at the homes of those speaking. Conversations with a total of 55 people were 
recorded, in the context of some 70 separate meetings. Over 177 hours of material were 
assembled in this way, hence the establishment of the Forest Oral History Archive, or 
at least the first nucleus thereof. For the Archive ought to be developed further, through 
augmentation with more recordings. The entire material gathered to date has been recorded 
on hard disks in FullHD files. 71 DVDs have been prepared for wider dissemination, 
these being available for use by scientists and educators alike. Guidelines for the further 
pursuit of oral history projects have also been drawn up, with these being designed for use 
by the local and regional-level administrations of the State Forests.

Extracts of the recordings have been posted on YouTube, as well as at www.lasy-i-
ludzie.pl. The latter website offers a listing of the recordings in alphabetical order, though 
also with a capacity for sorting and filtering in regard to the different entries. Extensive 
further material from the home archives of those in conversation has also been made 
available, with this including photographs, documents and memorabilia. Access is also 
offered to more generally accessible archival resources (of the State Archives in Białys-
tok, the digital repository of the National Film Library (Filmoteka Narodowa) and the 
Digital National Library – polona.pl, as well as the Archives of the Forest Culture Centre 
in Gołuchów, and the Library of the Forest Research Institute (IBL) itself).

Working on the Project alongside its main author – Tomasz Zygmont, are – among 
others – Grażyna Szujecka, Andrzej Antczak, Robert Wyszyński, Karolina Witowska, 
Maciej Swoboda and Marek Geszprych. In turn, the recordings themselves have been the 
work of teams from the Grochowska-83 Film Studios, the Forest Film Studio of the OR-
WLP (State Forests Development and Implementation Centre) in Bedoń, and independent 
film-makers. The Project has been funded by the Directorate General of the State Forests 
(topic BLP-391).
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The Forest Research Institute (Instytut Badawczy Leśnictwa, IBL) was established on July 
10th 1930 as the Experimental Department of the State Forests. It was in this way that 
Polish foresters’ circles gave effect to an idea to set up a research unit of national reach 
that would deal with experimental work relating to forests. Jan Teodor Hausbrandt – the 
Institute’s organiser and first Director – defined its main functions as in research, pu-
blishing and instruction. He also pointed to the need to take up those issues that would 
help put in place a scientific basis for work to improve and perfect forest management. 

This is a concept that the Institute has continued to serve through to the present day, pursuing its statutory ob-
jectives by engaging in research and development work on the processes ongoing in forest ecosystems, as well 
as the interconnections between forests and the natural, social and economic environment that surrounds them.
After the Second World War, the IBL came to be subordinated to a newly-founded Ministry of Forestry, while 
today it is under the latter’s successor – the Ministry of the Environment. In its entire period in operation 
the Institute has continued to cooperate closely with the State Forests, providing (advisory, expert opinion-
related and training) services for forestry. In this it works alongside national research organisations and 
higher-education institutions, while also being an active member of such world forestry bodies as IUFRO (the 
International Union of Forest Research Organisations) and the EFI (European Forest Institute). 
Publishing also remains an important area of IBL activity. Apart from book publications like monographs, 
scientific theses, conference or symposium volumes and illustrated books, the Institute also publishes two 
scientific journals: Folia Forestalia Polonica. Series A – Forestry – jointly with the Polish Academy of Sciences; and 
Leśne Prace Badawcze. Information brochures and bulletins are also published. The IBL Library boasts a book 
collection of more than 50,000 items, as well as subscriptions to around 160 Polish and foreign journals. 
Key further elements of the Institute’s activity include the supporting of doctoral studies, internships for young 
scientists, and nature and forest-related education. The main seat of the Institute is at the village of Sękocin 
Stary near Warsaw, though there are also subordinate regional institutions at Białowieża and in Kraków.
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