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FOREWORD

The three independent reviewers estimated each paper and recommended 84 articles for publishing at the
proceedings consisted of 2 volumes, which started life as presentations at the Annual 24th International
Scientific Conference ‘Research for Rural Development 2018’ held at the Latvia University of Life Sciences
and Technologies, in Jelgava, on 16 to 18 May 2018. The Annual 24" International Scientific Conference
‘Research for Rural Development 2018’ was special and dedicated to the Latvia a 100 years since became
an independent state, 155" Anniversary of Latvia University of Life Sciences and Technologies (LLU) and
280" Anniversary of Jelgava palace, where is located the main building of university.

In the retrospect of four months later, we can count the Conference as a great success as interdisciplinary
studies. The theme — Research for Rural Development - attracted participation more than 167 researchers
with very different backgrounds. There were 139 presentations from different universities of Estonia, Poland,
Kazakhstan, Lithuania, Ukraine, Sweden, South Africa, Indonesia, Russia and Latvia.

Thank you for your participation! We are sure that you have learned from the presentations and discussions
during the conference and you can use the outcomes in the future.

The interdisciplinary proceedings of the Annual 24th International Scientific Conference ‘Research for Rural
Development 2018’ (two volumes since 2010) are intended for academics, students and professionals. The
subjects covered by those issues are crop production, animal breeding, agricultural engineering, agrarian
and regional economics, food sciences, veterinary medicine, forestry, wood processing, water management,
environmental engineering, landscape architecture, information and communication technologies. The papers
are grouped according to the sessions in which they have been presented.

Finally, I wish to thank Organizing and Scientific Committee for their great support to the conference and
proceedings.

On behalf of the Organizing Committee
of Annual 24th International Scientific Conference
‘Research for Rural Development 2018’
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Ausma Markevica
Latvia University of Life Sciences and Technologies
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TRANSLATION OF EXPERIENCE AND KNOWLEDGE IN PRIVATE FOREST
OWNERS’ NETWORKS

Renars Felcis
University of Latvia, Latvia
renars.felcis@lu.lv

Abstract

Fragmentation of private property (142 thousand private forest owners) cause the challenge for governing forests,
because forests are part of wider forest ecosystems, but at the same time narrowly assigned by private borders. Land
restitution put the new pressures on path dependent management and new possibilities and responsibilities (that were
emergent features of private forest governance). This article is part of doctoral thesis about the common governance
of private forests with particular aim to focus on describing knowledge and experience exchange in private forest
owners’ networks in this paper. The research question for this article is to help to find out how the translation of
experience and knowledge manifest itself in private forest owners’ networks? The best theoretical model to fit this
situation is the concept of translation from actor-network theory and emergent norm theory. Case study approach was
selected to follow actors in forest owners’ networks. The cases are forest owners’ cooperatives, forest owners NGO’s,
as well as other forms, in particular, forest extension services and cases where an emergent process can be seen. The
empirical material shows that translation of experience and knowledge manifest itself in few important ways, namely,
at first, in a negotiation of needs and agreement on private forest owners’ needs; secondly, in stewardship role of
multi-functional actors; thirdly, in emerging and evolving legislative norms. A multi-functional actor is a term offered
in order to reveal a wide range of mediation forms in multicultural multi nature of forests as governed property and
forests as integral part of ecosystems.

Key words: private forest owners, mediators and intermediaries, multi-functional actors, knowledge, forest

ecosystems.

Introduction

There are changes in the composition and profile
of private forest owners in Latvia, according to
experts interviews, project materials in the framework
of COST (European cooperation in science &
technology) and Latvian State Forestry Institute
Silava (Latvijas Valsts mezzinatnes institiits ‘Silava’,
2015, Vilkriste & Zalite, 2015, also the Latvian State
Forestry Institute Silava and the Association ‘Forest
Owners Cooperative Support Center’ (Rozentals
et al., 2017) The composition can be described as
follows. There are 137 888 individuals, who own 1075
thousand hectares of forest (average 7, 8 hectares).
The majority of private individuals own area of 5 ha
and 18% — in the range from 5 to 20 hectares, which
is 23% of the total private forest area. 4 057 forest
owners were registered legal entities with 319, 8
thousand ha of forest ownership (on average 79 ha per
legal entity).

Fragmentation of private property in Latvia was
caused by land restitution by assigning inherited
land (Zivojinovi¢ et al., 2015). The fragmented
forest ownership structure is a characteristic issue in
various European countries. The general setting of
the small-scale forestry conference organized by the
International Union of Forest Research Organizations
(IUFRO) in 2012 was as follows: ‘In many parts of
the world, extensive forested landscapes have been
divided into numerous small ownerships. Forest
ecosystem pattern and function occur at broader
scales, but this small-scale ownership phenomenon
introduces unique constraints and considerations for

conservation and management. Most, if not all, of
the challenges have a human component and people,
especially those who own or manage the resource, will
need to be part of the solution’ (Meyer, 2012).

Forests as part of ecosystems mean several
aspects. Firstly, they are integrated into ecological
circuits. Secondly, the ecological chains are complex
and diverse; they are themselves subject to different
interpretations and approaches (we call it different
forest ecology approaches). Thirdly, ecological chains
are related to human-organized chains (protection,
conservation,  acquisition,  development,  use,
recreation, space for leisure and many others). Fourth,
forests as part of ecosystems mean that they include
not only forest resource systems and units (according
to the concepts from common resource studies), but
also the social understanding of natural resources.
Finally, the characterization of the role of forests as an
ecosystem component is not social understanding of
forests as a natural resource, but social implications of
the forest as an ecosystem component.

Land restitution put the new pressures on path
dependent management and new possibilities and
responsibilities (that were emergent features of
private forest governance). Experience of the forest
management and governance is determined by
institutional framework and dynamics in a politically
legal context, for example, via land reform. On
the one hand, identifiable varieties of land reform
experiences, both within individual countries
(Gustafson, 2008) and in different post-soviet
countries (see, for example, Wegren, (ed.), 1998;

RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1 7
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Wegren, 1998b, Dudwick, Fock, & Sedik, 2007).
On the other hand, they share common challenges,
such as the transition from centralized government
to free market economy (Swinnen & Rozelle,
2006; Bandelj, 2008), the consequences of land
reform processes (ownership issues, developmental
dilemmas) in developing countries where in this
context, also Latvia (Lipton, 2009; Manji, 2006;
James, 2007; Ho (Ed.), 2005). Policy and legal
changes do not mean adequate economic and social
changes in land management. So we can speak of
continuing actions and prevailing norms regarding
that using concept such as path dependency, on the
one hand, but as well as of the rules and actions that
are emerged, on the other hand.

This article is part of a doctoral thesis about the
common governance of private forests with particular
aim to focus on describing knowledge and experience
exchange in private forest owners’ networks in this
paper. The best theoretical model to fit this situation is
the concept of translation from actor-network theory
and emergent norm theory where it can be applied.

Theoretical approach of knowledge translation in
owners’ networks

Actor-network theory (hereinafter referred to as
ANT) is a theoretical approach of co-constructivism,
where the most notable authors are Bruno Latour,
Michel Callon, John Law, John Hassard and others
(see, for example, Law & Hassard (Eds), 1999;
Latour, 2005).

It is useful to refer to Bruno Latour where he
describes the evolution of the meaning of ‘network’
over time. Latour emphasizes that initially ‘networks’
were considered as translations (Latour, 1999), what
means a translation process of knowledge, experience,
texts and meanings, that cannot be measured clearly
and directly, measuring, for example, links in the
network who is ‘networking’ with whom. So the
networks are not about who the links are, but what
are the links? In this sense, translations determine
the meaning, not two points (subjects or objects) that
are interconnected. Latour indicates the difference
between the actors who transport meaning or force
without transformation (intermediaries), and actors,
who transform, translate, distort, and modify the
meaning they are supposed to carry (mediators)
(Latour, 2005). Latour continues that there is no
preferable type of social aggregates, there exist endless
number of mediators, and when those are transformed
into faithful intermediaries it is not the rule, but a
rare exception, that has to be accounted for by some
extra work — usually by the mobilization of even more
mediators (Ibid). Translation in ANT is mainly about
converting one thing into another, initially considering
these ‘things’ as equivalent.

In the case of forestry, researchers and readers
involved in the field of studies of science, technology
and society by extending the concept of translation,
which clearly demonstrates the interdependence
between micro-technologies in forestry and
interactions in society. The concept of translation
in broader sense thus reveals the cases of forestry
theory and practice that manifests itself in human
networks, namely, private forest owners’ networks.
Knowledge of forestry is not dominant and it needs to
be translated into various organisational in interaction
forms towards sustainable forest management.

Subjects that interact in networks play an important
role. It is a matter of taking two levels into account,
namely, purification and translation (according to
ANT, see Latour, 1993). | propose to rephrase the
ANT dichotomies, analysing cases of private forest
owners’ networks. Dichotomies — culture / humans
versus nature / non-humans mark purification
level task. Dichotomies at the level of purification
determine dichotomy against hybrids (or networks),
thus indicating task of translation (Latour, 1993).

Various human, human-made and natural factors
can be located at the level of purification. These factors
are forest owners, their actions, attitudes, property
rights, acquisition practices (how they manage
their forests — forest management plans, property
boundaries, logging plans and attitudes, reforestation
practices and networks etc.). Knowledge of forests as
resource systems for humans and non-humans (live
nature, inanimate nature) flows and becomes visible,
shaped and transformed into an interaction process
among agencies. This process can be described as
joint or common forest management.

Materials and Methods

Suitable methodology in order to mobilize ever
emerged mediators is case study approach. In order to
answer to question how the translation of experience
and knowledge manifest itself in private forest owners’
networks, a case study has been used. Case study
consists of a range of forest owners’ organisations
both formal and informal, where emergent social and
natural flows take place. The cases are forest owners
cooperatives (recurrent in-depth and semi-structured
interviews with cooperative managers in 3 forest
owners cooperatives), forest owners NGO’s (5 in-
depth interviews with managers of NGO’s), as well as
other forms, in particular, forest extension services (3
interviews with management and employees in state
forest consultation extension centres) and cases where
an emergent process can be seen (particular number
of secondary data, primary data from interviews in
each of case). Cases where an emergent process can
be seen are support for the planting of new stands;
an example of afforestation of agricultural land;

8 RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1
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river bank protection zones versus water quality in
rivers; unexpected events; cooperation among private
forest owners and nature protection institutions and
regulations. Emergent cases mean the combination
of the theory of emergent norms and case studies,
where formulation and implementation of new rules
are central and that is wider scope than just their
emergence. Case study included several data gathering
and data analysis methods, respectively, desk study,
structured in-depth interviews with actors in forest
owners’ cooperatives and forest owners NGO’s
management, and interviews with multi-functional
actors. ANT methodological suggestion ‘follow the
actor’ was applied to select appropriate informants in
the course of data gathering as well as the principle of
analysing articulated knowledge and experience in the
empirical material.

Forest owners’ organizations can be considered as a
manifestation of common forest management in which
private forest owners cooperate for practical purposes
in forest management. Forest owners cooperate; unite
in different organizational forms to manage their
forests. Translation of knowledge, understanding and
applying in forest management occur via multiple
mediators and multiple intermediaries. The experience
of non-governmental organizations dates back to
the 20th century, but the operation of forest owners’
cooperatives from 2012. There are several evolving
aspects in the process of formation and development
of organizations in accordance with the theory of
emergence. The first is the logic of the organization
itself, the need and the situation in which they were
founded and what factors manifest itself during their
formation. The other is translation and transfer of
knowledge. Private forest owners’ organizations act
as mediators, interpreting both the constitutional level
conditions and the conditions of the operational level
in different directions (constitutional, collective and
operational levels are concepts offered by authors in
common resources study, for example, Elinor Ostrom
and others, see Ostrom, 1990; Kiser & Ostrom, 1982).
More specifically, representatives of organizations tell
about the legislative conditions, the obligatory work in
the forest and in reality, forest owners are faced with
how to implement the legislative conditions, giving as
much feedback as possible — or and how and to the
extent possible. Thirdly, the sharing of knowledge is
also a practical cooperation, for example, the sharing
of technical support. The second and third points relate
to the use of knowledge and experience in attracting
EU funds for forest management activities. The fourth
is a variety of co-operation areas related to both
human actors (sharing experiences, advice, etc.) and
non-human actors (sharing with forestry equipment,
cooperation with plant growers, etc.) and permanent
networks in which forests owners cooperate with

forest professionals. The aforementioned directions of
cooperation are diverse, they arise and break, form,
transform and re-create. The theoretical basis of the
department is the theory of emergence and ANT. The
theory of emergence is used as a theoretical basis
for describing the dynamics of processes, where
various actors (forest owners, foresters, forest service
providers, knowledge, forestry techniques, etc.)
follow the actors, which actions leave a trace of where
the dynamics of organizational formation leads.

Results and Discussion

Translation of experience and knowledge manifest
itself in three important ways. Multi-functional or
multi-role actors play important role in all three
ways. Multi-functional actors are the term | offer
in order to reveal a wide range of mediation forms
in multicultural multi nature of forests as governed
property and forests as integral part of ecosystems.
Multi-functional actors are those forestry professionals
who play few or many roles starting from heirs of
forests in many generations, thus forest owners in
cooperation with family members and relatives,
continuing with graduates in forestry, members of
formal and informal organisations, and ending with
public officials, lecturers and public spokespersons in
forest management. A statement that multi-functional
actors serve multiple roles allows researchers to reveal
the will-to-connect.

Firstly, translation of experience and knowledge
manifest itself in a negotiation of needs and in
an agreement on needs in private forest owners’
networks. Empirical material indicates real, practical
action by actors in forestry in various examples.
Practical actions are of continuing importance in the
course of time. Reflecting about various possible
solutions in practical situations (for example, what
to do with the dry / wither tree?), forest owners
weight sustainable solutions (dry trees as a habitat of
insects or an economically ineffective way to get a
firewood) not to be fixated on isolate, rigid solutions.
Translation of knowledge and experience between
forest owners and multi-functional actors allows
spreading sustainable solutions through the exchange
of experience, reasoning, practising and reflecting
on it. Forest owners’ needs could be traceable in
other more general cases, where the process of their
expression and interpretation (translation) can be
understood as an agreement on needs. Conceptually
and methodologically needs in forestry are issues
of governance (management, administration) that
are relevant at a specific point in time. Empirically
identified relevant issues during fieldwork are
support for the planting of new stands; an example of
afforestation of agricultural land; river bank protection
zones versus water quality in rivers; unexpected

RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1 9
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events; cooperation among private forest owners and
nature protection institutions and regulations.

Analysing the support for the planting and
cultivating new tree stands in forests few important
conclusions can be drawn. That means not just the
management of the opportunities offered by the EU,
the forestry policy, but also all the practical lessons
that arise from organizing, monitoring, practicing
planting and cultivation of new tree stands. The
theoretical significance of the ecological factors
of a new tree stands is not identifiable, even if it is
conceived in policy documents. Social factors who,
what and how will perform necessary requirements
and how economic factors play the role. These factors
are human resource inputs and outputs for sustainable
forest management. Solutions that focus on ecological
sustainability have been underrated and need to be
addressed.

Secondly, translation of experience and knowledge
manifest itself in translation between forest owners
and forest cooperatives representatives or multi-
functional actors latter acting as stewards or taking the
role of stewards. Stewardship implies manifestations
of sustainable, multifunctional monitoring, following
a sustainable development course, envisaging, but
co-creating sustainable forest management. At the
operational level in forest owners’ cooperative case,
this means translating knowledge in terms of offering
the opportunities, but not in terms of imposing them,
and practicing the activities defined in the commonly
designed strategy of cooperatives. Forest owners’
organizations also play the role of stewards, offering
and describing opportunities, while leaving decision-
making for the private forest owners themselves.
Multi-functional actors engaged in education has a
various motivation, but in the context of knowledge
translation engaged in these activities in order
to prevent ignorance, unconsciousness and other
obstacles in complex yet liberal forest governance
and management policy in Latvia. Forest policy and
legal regulation in forest policy have been discussed
between the public sector, forest extension service
organisations, foresters and forest owners’ in the top-
down form, but in bottom-up form as well.

That leads to the third form where a translation
of experience and knowledge manifest itself. It is
performed in emerging and evolving legislative
norms. Particular governance is necessary to deal
with emerged issues. Issues emerge at different levels,
but empirical material suggests that they are getting
support in bottom-up feedback. Governance top-down
activity initiates, on the one hand, the establishment
of certain legal regulation that corresponds with the
real situation at the operational level, but, on the other
hand, government actors act as mediators, expressing
opportunities that forest owners can use. Quote from

an in-depth semi-structured interview with forest
extension service providers reveals:

“The projects were successful when the owners
were not allowed to take care operations in new tree
stands in for the project for themselves but were forced
to take some service provider. But knowing how much
we are unemployed in the country and who will do
better as the owner in his own forest, he will caress
each tree there. We got it through all the signatures,
it was hard to go, but we got it. As a result, European
money was also more rapidly absorbed.’

At the constitutional level, some private forest
owners’ cooperative managers were involved in
representing interests of forest owners and foresters in
the ‘Co-operative Societies Law’ (LR Saeima, 1998)
in order to balance the interests of foresters with the
interests of the agricultural sector. In addition, it is
about representation of interests, not lobbying, since
the potential for cooperation is not quite competition
in the market with companies in the forest sector (if
we speak in economic categories), but the provision
of similar opportunities or suitable ‘rules of the game’
for forest owners of different sized properties. In
the agricultural sector, legally the first co-operatives
were founded in 1998 (LR Saeima, 1998). In-depth
interviews with private forest owners’ cooperative
managers show the defence of interests prior to a legal
allowance to found cooperatives in various ways. One
of the managers in cooperative confirms the informal
ties with the Minister of Agriculture, which are not
used in their own interests. Other managers have taken
part in the project for the foundation of private forest
owners’ cooperatives and are currently operating
on the executive branch of one cooperative. In this
example, readers can see the process of negotiating
the solutions to hear the voice and chances for small
forest owners’ to cooperate in the forestry sector.

Further research could be done to reveal the
multiplicity of mediators and intermediaries in
private forest owners’ network, where voices of many
are still unheard in the competing vision of forests
as primarily natural resources in perspective from
logging companies. Forest cooperatives and NGO’s
performs as stewards between various forest service
providers in the market of saturated service providers,
where the activities of forests as natural resources
due to their life cycles drastically limit the range of
services that can be offered by various competing
service providers.

Conclusions
Few relevant contextual conclusions can be drawn
from this research regarding theoretical approach and
methodological approach:
1. First, one of the biggest advantages of actor-
network theory in studying common forest
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to find out how the translation of experience and

governance is the ability to study, follow up,
describe not only the narrow organization
formation and institutionalisation, but the wider,
dynamic group formation process.

Second, the fact that groups are formed (emerging,
continuing, evolving, etc.) in one form or another
(forest owners cooperatives, forest owners NGO’s,
as well as other forms, in particularly, forest
extension services and cases where emergent
process can be seen) does not mean that actors will
agree and rely on mutually negotiated and agreed
what is optimal sustainable forest management,
but it allows identifying and determining space
(networks) where interactions take place.

The research question for this article is to help

networks? Empirical material from case study shows
that translation of experience and knowledge manifest
itself in few important ways. These are:

1.

2.
3.

Negotiation of needs and agreement on private
forest owners’ needs;

Stewardship role of multi-functional actors;
Emerging and evolving legislative norms, what
is negotiated and can be traced at various levels
of governance of common resources (in terms of
forest ecosystem) — constitutional, collective and
operational.
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Abstract

The paper covers analysis of pre-commercial thinning performed in private forests over the period of 2007 — 2017.
Since 2007, permanent and considerable European Union subsidies for pre-commercial thinning have been available,
resulting in a significant increase in area of thinned young stands in private forests. The aim of this research is
ascertain pre-commercial thinning activity depending on the type of forest owner (individuals, legal persons or local
municipality), forest stand type (forest stand or plantation) and origin (natural or artificial) as well as the forest
owner’s intention to apply for European Union subsidies. Data analysed were obtained from Forest State Register-
national data base, managed by state authority State Forest Service and continued analysis comprise two main
topics — ascertain amount and type of young stands owned by different type of private forest owners and amount and
type of conducted pre-commercial thinnings. Forest owners legal persons have significantly higher amount 47%, of
young plantation forest and forest stands from the total forest stands area, compared to other type of forest owners.
The highest intensity of thinnings was conducted in plantation forests of artificial origin owned by legal and physical
persons, also forest stands with artificial origin owned by physical persons. The current period for European Union
Rural development programme will be over in 2020; therefore, it is important to analyse the existing approach of

granting subsidies to forestry and find the improvement necessary for the planning period from the year 2021.
Key words: private forestry, pre-commercial thinning, plantation forest, young forest stands.

Introduction

Private forests owned by individual persons
(hereafter — physical persons), legal persons and local
municipalities compose 51% of the total forest area
in Latvia. Private persons own 1 436 138 ha area of
forest stands, of which 925 474 ha (64%) belong to
physical persons, 423 048 ha (30%) to legal persons
and 87 616 ha (6%) to local municipalities. Significant
differences exist concerning the average size of forest
property among physical and legal persons: 7.89 ha
for physical persons and 79.91 ha for legal persons
(Donis, 2016), and it is the reason for the different
aims of forest management, implemented methods and
frequency of management activities. The proportion
of the ownership of forest area between physical
persons and legal persons continued to change over
the period of 2013 — 2018, the area owned by private
physical persons had declined by 1.7%, but the area
owned by legal persons had increased by 24.45%
(Donis, 2014; 2016), partly because the areas were
purchased by legal persons and to some extent by
the state forest management company ‘Latvijas
valsts mezi’ (Latvian state forests) (Micane, 2018). A
significant majority of European Union (hereafter —
EU) subsidies for private forestry since 2006 has
been available from the European Agricultural Fund
for Rural Development and is dedicated to pre-
commercial thinnings, cleanings after afforestation
and after forest regeneration in certain cases and for
small scale investments — purchase instruments for
thinning as chainsaws and bush cutter saws (Benga,
2016). Over the period of national Rural development
programme 2007 — 2013, subsidies were granted for
pre-commercial thinnings in total area of 64 624 ha,

and finances allocated for this purpose 15.23 mln euro
(Benga, 2016), as regards the annual average area of
clearcuts in private forests compile 25 000 ha (State
Forest Service, 2017). Assignation of EU subsidies
for pre-commercial thinning was the main reason for
a steep increase in the thinned area in private forests,
from 5.8 thsd. ha in 2006 up to 83.5 thsd. ha in 2013
(Ministry of Agriculture, 2017). Thinning of young
stands is a technique used in forest stands or cuttings
in which trees have been planted, sowed or naturally
regenerated with the aim of ensuring the formation of
qualitative, productive and vital tree stands. Thinnings
are carried out according to the necessity in 4 — 20 year
old stands, occasionally also in older stands, which
are divided into levels of work performing difficulty
according to the height and diameter of competing
trees. The thinning of young stands encourages the
development of species best suited for forest growth
conditions. In addition, thinnings increase the future
forest productivity and the value of the trees that
are left, which depend on the genetic characteristics
of the plants or seeds. By properly thinning young
stands, the trees to be left gain larger growing space
and the duration of forest rotation cycle decreases, i.e.
— the desired result is obtained on average 10 — 20
years faster (if the stand is planned to be harvested
according to the diameter — when the dominant tree
species have reached the diameter of the final felling),
and the trees are with straight and large trunks. As a
result of the thinnings carried out in young stands,
sound, sustainable and uniform target species stands
are created. (State Forest Service information,
pre-commerial thinning, http://www.vmd.gov.
Iv/valsts-meza-dienests/statiskas-lapas/-meza-
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apsaimniekosana-/jaunaudzu-kopsana?nid=1681).
According to the national legislation, EU subsidies
for pre-commercial thinning might be applicable for
young stands till the age of 40 years for coniferous
stands and deciduous stands of common oak (Quercus
robur L.), and ash (Fraxinus excelsior L.) if the height
of the trees is less than 10 meters. Forest stands of
grey alder (4lnus incana (L.) Moench.) conform to
young stand status till the age of 10 years, but the
stands of other tree species conform to young stands
status till the age of 20 years (The Cabinet of Ministers
of the Republic of Latvia, No 455, 2015). National
regulations for forest regeneration, afforestation
and forest plantation require obligations for forest
owners to carry out pre-commercial thinnings for
coniferous young stands at least once up to the stand
age of 10 years, but for deciduous young stands up
to the age of 5 years. (The Cabinet of Ministers of
the Republic of Latvia, Regulation No 308, 2012).
According to the data of the State Forest Service, the
total area of the young stands thinned in the year 2016
was 68.6 thousand ha, from which 35.9 thousand ha
were state forests and 32.7 thousand ha were other
owners’ forests. Silver birch (Betula pendula Roth.)
and downy birch (Betula pubescens Ehrh.) stands
turned out to be the most thinned young stands (33%),
followed by young Norway spruce (Picea abies (L.)
H.Karst.) stands (28%) and young Scots pine (Pinus
sylvestris L.) stands (21%), the remaining tree species
young stands which were thinned accounted for 18%.
(State Forest Service information, http://www.vmd.
gov.lv/valsts-meza-dienests/statiskas-lapas/-meza-
apsaimniekosana-/jaunaudzu-kopsana?nid=1681).
The objective of this study was to investigate the
process of pre-commercial thinnings in private forests,
the intensity of the activity depending on the origin
of the forest stand: either natural or artificial, type
of forest stand: either a forest stand or a plantation
forest, forest owner: either physical, legal person or
local municipality and their intention to apply for EU
subsidies for pre-commercial thinning measure. The
tasks of the research were to identify the pros and cons
for the pre-commercial thinnings and the significance
of EU subsidies available for the specific activity.

Materials and Methods

The data used for this study were obtained from
the State Forest Service — the state authority that
supervises forest management in all types of forests,
gathers and stores forest inventory data in data base
Forests State Register, for all types of forest owners
and is one of the organisations which to some extent
grants EU subsidies to private forest owners. Forest
State Register is based on forest inventory data,
submitted from forest owners at least once per 20
years, afterwards annually updates forest stand main

parameters such as growing stock, age, diameter,
height etc., and store management operations done.
The data analysed in this study cover information
of young stands in ha, owned by physical and legal
persons and local municipalities, in breakdown by
tree species, origin and type of forest stand. State
forests were excluded from the study due to their
long term and by the government approved forest
management planning approach, also respecting rules
that EU subsidies might not be dedicated for the state
forest management. The Law on Forest defines young
stands in terms of age and tree species — for Scots
pine and Norway spruce they are stands up to the age
of 40 years, for silver birch and downy birch, aspen
(Populus tremula L.) and black alder (4lnus glutinosa
(L.) Gaertn.) — stands up to the age of 20 years, but
for grey alder up to the age of 10 years. The same
criteria in this study were used for plantation forests. A
plantation forest is defined as forest stands established
through afforestation, intended for specific purposes
by The Law on Forests. Afforestation may occur
by natural or artificial processes and for the forest
plantation significant forest management rules, such
as cutting age, diameter and regenerations regulations
are not applicable. The criteria for young stands
mentioned before and of six main widespread tree
species (Scots pine, Norway spruce, Birch species,
aspen , black alder and grey alder) were included in
this study and they covered 98.5% of forest stands as
the main tree species (Ministry of Agriculture, 2017).
These data were prepared for the study by the State
Forest Service as of February 2018. To assess areas
where pre-commercial thinnings were conducted in
the period of 2007 — 2017, the data from the State
Forest Service cover information on areas for annual
pre-commercial thinning, main tree species, origin,
type of forest stand and type of forest owner on status
on September 2017. Additionally indicated is the area
in ha for the intention of forest owner to apply for
EU subsidies for pre-commercial thinning measure:
approved forest management plans to apply for EU
subsidies. The task of the State Forest Service is to
approve the forest management process documentation
for the forest owner who wants to apply later for EU
subsidies at payment Agency — Rural Support Service.
To study the amount and age of forest stands, where
pre-commercial thinnings were conducted, the State
Forest Service delivers the data on the period of
2007-2017, but for the reason that basic data for certain
share of forest properties is continuously changed
through new forest inventories, new forest owners
and inventory data are annually updated, attributes
of forest stand display current status with remarks
on management activities in the past. Therefore,
the data of age distribution may be used to show
only percentages, not certain areas in ha. During the
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study also the percentage of the conducted thinnings
from total areas of young stands for certain type of
owner, stand type, origin and intention to apply for
EU subsidies were calculated. However, the thinned
areas may overlap in time (for instance the same
forest stand likely thinned in the years 2007, 2010 and
2014); therefore, the area parameter for thinned area is
not absolute and unique, and the calculated percentage
indicates the activity of a certain type of management
as a coefficient.

Results and Discussion
Characteristics of young plantation forests and forest
stands owned by private forest owners

Private forest owners (legal, physical, local
municipalities) totally own young plantation forest
stands covering the area of 33 059 ha, and young forest
stands covering the area of 452 176 ha. In total, 485
235 ha, accounting for 33.78% of the total forest stand
areas are owned by private forest owners in 2018. The
analysis of the data concludes that physical persons
own 14 704 ha of young plantation forest stands and
256 226 ha of young forest stands, respectively 1.6%
and 27.7% from the total forest stand area for physical
persons. Legal persons own 18 037 ha of young
plantation forest stands and 180 578 ha of young
forest stands, respectively 4.3% and 42.68% from the
total forest stand area for legal persons.

Local municipalities own 70.6 ha of young
plantation forest stands and 15 371 ha of young forest
stands, respectively 0.08% and 17.54% from the total
forest stand area for local municipalities.

The forest owners who are legal persons own
significantly larger amount of young plantation
forest and forest stands as a component of total
forest stands area, for young forest stands reaching
even 42.68%. During the last decade, legal persons
have been active in purchasing forest properties
from physical persons, which mostly were cutovers
and young stands, as well as abandoned agricultural
lands, which have been later afforested as plantation
forest or forest stands. The results of the research
conducted before, acknowledge higher productivity
for birch species on agricultural lands compared
to birch stands of natural origin (Liepins, 2011),
which may be one of objective purposes for
afforestation progress. The analysis of the age
distribution of plantation forests for all types of private
forest owners for four decades is the following: for the
1%t decade — 49%, 2™ decade — 48%, 3" decade — 3%,
4" decade — 0%, which approves the authors’ previous
estimations.

Forest owners — legal persons have significantly
higher percentage of plantation forest of artificial
origin — 67% versus 38% for physical persons.
Different tree species composition for artificial
plantation forests was observed among different
types of owners — Norway spruce tree plantation
forest accounts for 70% among legal persons versus
57% among physical persons. For plantation forest of
natural origin among the type of forest owners similar
tree composition was observed — stands dominated by
birch species, Scots pine and Norway spruce trees.
(Table 1).

Table 1

Division of young plantation forest stands by origin, main tree species and type of private forest owner

Origin of plantation forest Tree composition
Type of owner*
Type of origin % of area Tree species** % of area occupied
Birch species 42
Natural 62 Scots pine 24
. Norway spruce 17
Physical
Norway spruce 57
Artificial 38 Birch species 32
Scots pine 8
Birch species 41
Natural 33 Norway spruce 19
Scots pine 19
Legal
Norway spruce 70
Artificial 67 Birch species 23
Scots pine 3

* owner type ‘local municipalities’ is excluded due to the low area of plantation forest.

** top 3 tree species referred.
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Table 2
Division of young forest stands by origin, main tree species and types of private forest owner
Origin of forest stands Tree composition
Type of owner
Type of origin % or area Tree species* % of area occupied
Birch species 43
Natural 80 Aspen 25
. Norway spruce 14
Physical
Norway spruce 63
Artificial 20 Birch species 20
Scots pine 15
Birch species 46
Natural 72 Aspen 24
Norway spruce 11
Legal
Norway spruce 68
Artificial 28 Birch species 16
Scots pine 14
Birch species 37
Natural 48 Scots pine 28
L Aspen 19
Local municipalities -
Scots pine 54
Artificial 52 Norway spruce 35
Birch species 10
* top 3 tree species referred.
Regarding the young forest stands of natural Characteristics of  pre-commercial — thinnings

origin, the highest proportion belongs to physical
persons — 80%, while legal persons have slightly
smaller proportion — 72% of total young stand forest
areas (Table 2). Local municipalities own larger
amount of young forest stand area of artificial origin
versus natural origin. Regarding the young stands of
natural origin, no significant changes in tree species
composition were found, for all types of private forest
owners in this category the two dominant tree species
are birch and aspen.

Previous researches done on this subject
acknowledge an increase in birch stand area in Latvia
that considerably affects the overall Latvian forest
ecosystem (Daugaviete et al., 2013). Regarding the
tree composition of young forest stands of artificial
origin for physical and legal persons — Norway spruce
definitely dominated by — 63% and 68% of total
area in this category. Different tree composition was
observed for young stands of local municipalities,
where artificially regenerated forest stands consist of
54% of Scots pine. The analysis of age distribution
for young forest stands for all types of private forest
owners over four decades is the following: 1 decade —
34%, 2" decade — 56%, 3 decade — 4%, 4™ decade —
6% (State Forest Service information, 2018).

conducted and EU subsidies intended for this purpose

For the period of 2007 — 2017, the area of totally
thinned young plantation forest stands by private
forests owners’ (legal, physical, local municipalities)
was 18 495 ha, but that of young forest stands was 194
617 ha. In total, 213 112 ha, accounting for 43.92%
of total young plantation and forest stands area
were included in this study. The research conducted
previously refers to the importance of pre-commercial
thinning in grey alder stands. Grey alder is considered
to be one of the most prospective local tree species
due to its productivity and forestry characteristics.
Most of grey alder forest stands are of natural origin —
great proportion of them have been formed as a result
of overgrown agricultural territories which have not
been cultivated. Poorly managed grey alder forest
stands of natural origin contain trees with poor trunk
qualities and their productivity does not reflect the
real productivity potential of this tree species. Grey
alder is considerably faster growing than black alder.
(Liepins & Liepins, 2010). Forest owners physical
persons thinned young plantation forest stands in
the area of 8320 ha and young forest stands over the
area of 108 302 ha, respectively 56.58% and 42.27%
from the total young plantation and forest stand areas
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Table 3

The intensity of pre-commercial thinnings and use of EU subsidies
by the origin and type of stand and forest owner

Origin of stands Intensity of | 'Mtensity of thinnings, | Amount of thinnings with
Type of owner Type of Type of thinning>s/, % % with EU subsidies EU subsidies, % (from
origin stand (from total area) totally thinned area)
Forest 35.99 8.12 22.57
Natural -
] Plantation 17.57 471 26.83
Physical
. Forest 50.02 15.76 3151
Artificial -
Plantation 99.17 29.28 29.52
Forest 34.36 4.71 13.71
Natural -
Leqal Plantation 15.06 2.59 17.17
ega
g o Forest 35.75 7.63 21.35
Artificial -
Plantation 61.32 8.98 14.64
Forest 2411 2.71 11.23
Natural -
o Plantation 0 0 0
Municipalities
o Forest 21.00 3.98 18.96
Artificial -
Plantation 0 0 0

for physical persons. Legal persons thinned young
plantation forest stands over the area of 10 173 ha
and young forest stands over the area of 78 542 ha,
respectively 56.4% and 43.49% from total young
plantation and forest stand areas for legal persons.
Local municipalities thinned young plantation forest
stands over the area of 0.00 ha and young forest stands
over the area of 7773 ha, 50.56% from young forest
stand area for local municipalities respectively. The
highest intensity of pre-commercial thinnings was
found out for forest plantations of artificial origin —
61.32% for legal persons and 99.17% for physical
persons. Research done reveal that naturally emerged
stand might be often transformed into productive
stands. Different management methods may be
applied to create productive forest stands on naturally
afforested agricultural lands. Thinning of young
stands of natural origin is strongly recommended as
a management method to improve the productivity
of future stands. (Jogiste, Vares, & Sendros, 2003).
Forest stands and plantation forests of artificial origin
owned by physical persons have the highest intensity
in terms of the use of EU subsidies — 15.76% and
29.28% respectively (Table 3).

The analysis of the age distribution for all types
of private forest owners for four decades of thinned
plantation forests is for the 1st decade — 70%,
2nd decade — 29%, 3rd decade — 1%, 4th decade —
0%, and for thinned young forest stands for the 1st
decade — 29%, 2nd decade — 69%, 3rd decade — 2%,
4th decade — 0%, respectively. From the total amount
of thinnings conducted, physical persons were most

active to apply for EU subsidies — from 22.57% up
to 31.51% depending on the type of stand and type
of origin. Legal persons applied for EU subsidies in
21.35% of the area thinned for artificially created
forest stands, which is the highest percentage. Local
municipalities have the lowest percentage of thinned
areas from young forest stands of both origins,
also having the lowest intensity in applying for EU
subsidies.

Conclusions

Forest owners — legal persons have significantly
higher percentage — 47%, of young plantations forest
and forest stands from the total area of forest stands
compared to other type of forest owners. Forest
owners — physical persons mostly create plantation
forests through the natural afforestation process (62%
of all plantation forest area), while forest owners —
legal persons in 67% of the area have plantation forest
of artificial origin. The origin of young forest stands
is definitely dominated by natural process, in 80% for
physical persons and in 72% for legal persons from
the total young stand forest area. The study of the
intensity of pre-commercial thinning conducted in
terms of percentage of total young forest plantation
or forest stand area leads to the conclusion that
plantation forests of artificial origin have the highest
thinning intensity, particularly for physical persons,
followed by forest stands of artificial origin and
forest stands of natural origin. Plantation forests have
the highest thinning intensity in the I** age decade,
mostly stands of natural origin and owned by physical
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persons, while forest stands in the 2™ age decade
have the highest thinning intensity, mostly stands of
both origin and owned by all type of private forest
owners. In the majority of cases physical persons
apply for the EU subsidies particularly for thinning
the areas of artificial origin (up to 31.51%) and also
legal persons in most cases apply for EU subsidies
for young stands of artificial origin (up to 21.35%).
Pre-commercial thinnings were conducted in the
highest intensity in young forest stands of artificial
origin, particularly in the plantation forest category.
Research may conclude on highly commercial
approach for plantation forests, also similar attitude
to forest stands of artificial origin. In forest area

overwhelmed regeneration type is natural, and pre-
commercial thinning in those areas were conducted
in moderate low intensity. To clarify the proportion
of conducted pre-commercial thinnings related to the
stand establishment processes and stand maintenance,
further research shall be carried out.
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Abstract

The objects of research are the lime-tree forests of the Leningrad region. The studies were carried out on 2 permanent
plots established by the authors in May 2013 in the Lisino forest district (Leningrad region, Russia). The goal of
research was to obtain a complex characteristic of stands dominated by linden (Tilia cordata). The objective of
the research included a taxation and geobotanical description on permanent plots and studies of the soil cover
(morphological and agrochemical characteristics of soils). The general health status of stands on the surveyed areas
was determined as satisfactory — mean score 2.5 and 2.8 (relevant health status was determined with the help of
the following 6-grade scale for each tree: 1 — no signs of weakening; 2 — weakened tree; 3 — very weakened tree;
4 — partial mortality of the tree; 5 — dead-standing trees of the current year; 6 — dead-standing trees of previous
years). The average mortality rate varies from 3.05% year™ on the sample plot 2 to 5.7% year? on the sample plot 1.
Vegetation on sample plots attributes to a nemorose-herbal series of forest types, soils —to a podzolic type with a weak
development of the podzol-forming process. They were well-mediated ones by humus in the upper horizon. This fact
was facilitated by the lime litter: a lime has a deep root system to take up nutritional chemicals from a greater depth,
where moraine loams enriched with calcium carbonate located. Old-aged forests of this type are being in the phase
of gap dynamics now. This means that they can occur for a rather long time in the same place, however, the lime-tree
forests of natural origin are constantly under threat of being replaced by spruce. The results of our study have shown
that low levels of soil mineral nutrients supply are sufficient for the successful linden growth.

Key words: biogeocoenosis, lime-tree forests, old-aged forest, broadleaved species, Lisino forest district,

agrochemical characteristic.

Introduction

Within the territory of the Lisino forest district,
as well as within the entire territory of the Leningrad
region, stands, which consist of Tilia cordata, are
rare relict formations existing on the north of its
areal (Eaton, Caudullo, & de Rigo, 2016; Bacunesuu
& bubukosa, 2002; Hulten & Fries, 1986).
Predominance of the lime trees is characteristic for
the final stages of dynamics of the forest vegetation
in the conditions of soft and relatively warm climate,
which makes it possible for the lime-tree to renew
under the maternal leaf canopy / shelterwood due to
its high shade tolerance (Aumepccon et al., 2007).
According to the data provided by the governmental
forest management, total area of the lime stands along
with oak stands within the Leningrad region does not
exceed 2 thousand hectares (Penopuyx, Hemaraes, &
Ky3muernosa, 2005). They are considered as biologically
valuable forests, which require special protection in
the North-West of the Russian Federation (the RF)
(Aumepccon et al., 2007), as well as in many countries
of the European Union (Jensen, 2003).

Lime trees require edaphic conditions; they cannot
grow on acid and dry soils (Eaton et al., 2016). There
is very little information in the scientific literature
concerning the soils of the lime-tree forests in the
Leningrad region, as well as within the entire North-
West of the Russia.

The main goal of the present research was
to determine complex characteristics for the
biogeocenosis of the lime-forests, which were

included on the list of the species of special concern
within the Lisino forest reserve.

Specific tasks of this research were as follows:
continuous forest inventory within the permanent
study areas; geobotanical description of vegetation on
the study areas; establishment of soil pits on the study
areas; morphological characteristics of soils; chemical
and agrochemical investigations of the soil samples.

Materials and Methods

This article is based on the investigations
performed within the permanent study areas (PSA),
which were established by the authors in May 2013
within the 71-st Quarter of the Lisino forest district
(Leningrad region). Re-calculation of the stands
characteristics were carried out in June 2017.

Lisino forest district is situated at the distance of
50 km to the Southeast from Saint Petersburg in the
central part of Tosno district of the Leningrad region.
Total length of these wooded lands from north to south
is 34 km, while their length from east to west is 18 km.
This forest district consists of three sectional forest
districts. Total area of Lisino sectional forest district
is 28,384 hectares.

Landform of the territory of this forest district is a
flat and undulating plain, which is smoothly stooped
to the east and southeast in the direction of Tosno
River (Tumodeer & Casurkast, 2011). Height above
sea level within the forest district varies from 35 to
70 metres. Positive forms of the landform are eskers
(inconsiderable in number), as well as small flat hills,

20 RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1



THE FEATURES OF LIME STANDS ON
PERMANENT RESEARCH PLOTS IN
LENINGRAD REGION

Alexander Dobrovolsky, Oleg Antonov

which consist of the glacial drifted materials. Relative
height of these hills achieves 2.5 m, horizontal
dimensions from 100 to 200 m. From a geological
viewpoint, the territory of the forest district is the
bottom of the glaciolacustrine basin along with the
lacustrine deposits being varved clays, from under
which ice-laid deposits (boulder loams) emerge at
the elevated areas of the landform. The main soil-
forming materials are as follows: varved clays and
moraine loams (boulder and driftless argillaceous
sand grounds).

There are many two-layer drifts within the territory
of the forest district: a thick bed of heavy-textured
soils lays under the small layer of light-textured soils
(sands, gravelly sand loams) or vice versa, and this
fact has influenced the drainage to an essential degree.

In accordance with the geobotanical subdivision of
the Nonblack Soil Zone (Anexcanaposa et al., 1989),
the district of our investigations is situated within the
smooth of the southern boreal forest of Luga forest
circle of the North-European Taiga Province. The
spruce-forest of the sorrel family is the native forest
association within the zone of the normally drained
clay loams. Spruce forests dominate within the forest
district under investigation (34%). Pine-forests are on
the second place (28%), while birch-forests occupy
the third place (23%). The area of aspen-forests is
equal to 14%, while the rest of the forest formations
occupy approximately 1%.

Climatic, soil, and hydrographical features of
the territory ensure powerful superficial moistening
of soils, which are presented by weakly- and
insufficiently-drained soils, as well as by marshy
types of lands at the 2/3 of the total area of this forest
district (Tumodees & Casuirkasi, 2011).

Methodology of mensurational description of the
growing stock and methodology of the geobotanical
description. In 2013, the areas with domination of the
lime tree were found, and two permanent study areas
(PSA) were established within the 71-st Quarter in the
taxation plots/stratums 8 (PSA 2) and 11 (PSA 1). The
area of each PSA was 0.25 ha (50x50m).

Later on, the complete enumeration of trees
was performed within these PSAs. In the course of
this enumeration, the following parameters were
determined for each tree: the diameter at breast
height of 1.3 m (for more accuracy, this diameter
(DBH) was calculated as the length of circumference
divided by 3.14); height; exploitable age; category of
sanitary state; the presence of diseases of trees and
pests; leaf formation and uniformity of the crown,
as well as position of the crown in respect of other
trees. In the case of demolition or fall of trees, they
were counted separately as broken or windfall
trees. Various trees were counted in one or another

category of state in accordance with the following
set of biomorphological parameters: colour of leaves
and crown density, availability and share of the dead
branches in the crown, state of bark, signs of attack
of secondary timber insects etc. Relevant health status
was determined with the help of the following 6-grade
scale:
1 - no signs of weakening;
2 — weakened tree;
3 — very weakened tree;
4 — partial mortality of the tree;
5 — dried-up tree of the current year (dead-standing
trees of the current year);
6 — dead-standing trees of previous years.

Mortality rates were calculated as:

Annual mortality rate = 1 — (C/NO)*¥ 1)

where C was the number of currently recorded living
trees, NO original number of living trees, y — number
of years between resamples (4 years, in our study).

The age of the trees was determined by the counting
year rings on the cores for 22 trees on PSA 2 (except
Sorbus aucuparia, for which age was determined by
expert assessment since a small number of trees and
obvious signs of rot did not allow the drilling method)
and 28 trees on PSA 1. For better visualization of age
rings, cores were colored with organic dyes. Spruce
age partly was determined by pith node counting
method.

Floristic composition of the understory trees, as
well as the projective cover of various species of both
the understory trees and the forest live cover were
determined within the PSAs. Scientific names (Latin
botanical names) of vascular plants according to the
method of Cvelev (Lenmes, 2000) and bryophytes
according to the method of M.S. Ignatov (Ignatov,
Afonina, & Ignatova, 2006) were presented.

Methodology of soil descriptions and analytical
investigations. In order to ensure investigations of
morphological and agrochemical characteristics
of soils, two soil pits were established on the study
areas, one soil pit for each PSA. Later on, we
performed morphological description and selection
of the soil samples in order to perform investigations
of agrochemical parameters of various soils.
Establishment of the soil pits was made in accordance
with the generally accepted methods (Van Breemen &
Buurman, 2003). We selected places for establishment
of the soil pits in the most typical land plots of the
PSA, which were free from the roots of trees. Upon
completion of digging-out the relevant hollow, we
described the soil profile and collected samples of soil
from various horizons of the profile.

We also performed the effervescent test in the field
conditions with the help of 10% hydrochloric acid
solution.
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Later on, under laboratory conditions for each
horizon of soil we determined humus content
(according to the method of 1.V. Tyurin), actual
acidity and exchange soil acidity (by potentiometry),
hydrolytic acidity and total exchangeable bases
(S-value) (according to the method of Kapen), active
forms of nitrogen (with the help of phenoldisulfonic
acid method), potassium (according to the method of
Peyve), and phosphorus (according to the method of
Kirsanov) (Apunyuikuna, 1970).

In order to test the differences between obtained
data and the inventory, we ran analysis of variance
using t-test. Statistical processing of obtained data
was done in the Microsoft Excel package.

Results and Discussion

The data that make it possible to calculate average
taxational parameters were obtained with the help of
the results of the complete enumeration of trees within
the PSAs. Total quantities of the registered trees of
various species, as well as their characteristics are
presented in Tables 1 and 2.

There is a brook that glides along the boundary
of the PSA-1, and there are trees of the European
black alder (4/nus glutinosa) along this brook, as well
as the following indicators of high soil moistening
by the streaming water are present within the live
ground cover: meadow-sweet (Filipendula ulmaria),
water avens (Geum rivale), and creeping crowfoot
(Ranunculus repens).

Statistical analysis of the data did not show a
significant difference in the height and diameter at a
5% level of significance in all studied breeds between
inventories.

General health status of stands within the PSA-1
is estimated as satisfactory one and it is characterized
by the average mark of state at the level of 2.8. Within
these stands, the best state was found for the trees of
the European black alder (2.4), average health status:
lime-trees — 2.8; birch-trees — 2.7; fir-trees are in an
unsatisfactory state (3.5).

One-half of the inspected lime trees within the
PSA-2 are in a good state, while the rest lime trees
are in a satisfactory state. The average mark of state

Table 1
Permanent study area 1: Dynamics of stands characteristics
Species Average age, g;nt(r):er;t 'Z‘R?:enst DBH, cm DBH, cm Height, m Height, m
years (2013) (2013) (2017) (2013) (2017) (2013) (2017)
Tilia cordata 85 61 48 18.6 21.8 17.5 20.2
Alnus incana 85 69 62 24.6 26.4 23.6 24.1
Betula pendula 85 69 56 22.6 24.9 21.6 23.7
Alnus glutinosa 85 8 5 25 26 23.2 23.4
Picea abies 50 45 30 10.6 12.8 6.1 9.6
Acer platanoides 40 14 9 14.3 15 14 17.6
Table 2
Permanent study area 2: Dynamics of stands characteristics
Species Average age, 'gﬂ?euenst 'g‘;nt?:enst DBH, cm DBH, cm Height, m Height, m
years (2013) (2013) (2017) (2013) (2017) (2013) (2017)

Tilia cordata 130 73 71 35 37 25 28
Betula pendula 70 17 17 21 22 23 25
Populus tremula 110 7 6 33 38 29 30
Alnus glutinosa 130 1 1 39 41 32 34
Picea abies 70 43 31 21 22 17 18
Acer platanoides 40 12 10 8 11 9 13
Ulmus glabra 40 8 8 11 12 12 12
Sorbus aucuparia 40 2 - 20 - 16 -

Using last inventory data general stands characteristics were summarized (Table 3).
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Table 3
General stands parameters
.| Average DBH of Site Basal .
pon | et | “age” | M| e | i | e | VAT | Reoeneton,
years ' breed, cm | (Bonitet) ha' T
1 linden -dominated 85 22 23 1 37 389 Tilia cordata (1000)
mixed stands Acer platanoides (400)
Picea abies (150)
undergrowth:
maple, rowan, bird
cherry
2 linden-dominated 130 28 35 I 44 579 Acer platanoides (500)
mixed stands Tilia cordata (250)
Picea abies (250)
undergrowth: Ulmus glabra (100)
maple, elm, rowan

of the lime trees is equal to 2.5. Frost clefts are the
most widespread damages (20% of the inspected lime
trees). Average marks of state: aspen-trees — 2.9; fir-
trees — 2.8; birch-trees — 2.6.

The average annual mortality rate of trees within
the PSA-1 was equal to 5.7% year?, while within
the PSA-2 it was equal to 3.05% year™. These high
parameters of mortality are indicators that confirm the
fact that these stands are in the stage of decline.

It should also be noted that in general, the stand,
surveyed on permanent study areas is not typical for
the conditions of the Leningrad region. Especially, it
is necessary to note the parameters of Alnus incana
on PSA 1 with height around 24 meters. Typically, in
conditions of the Leningrad Region, the Alnus incana
rarely reaches the height of 20 meters.

As it may be seen from the results of comparison of
parameters of stands in 2013 and in 2017, mortality of
trees within both permanent study areas is connected,
for the most part, with the trees, stem diameters of

which are lesser than the average stem diameter (so-
called ‘mortality from below”).

The ground vegetation of both PSAs contains
very many various species, for example, the
following: wood stitchwort (Stellaria nemorum),
aise-weed (4egopodium podagraria), wood anemone
(Anemonoides nemorosa), asarabacca (Asarum
europaeum), sweet woodruff (Galium odoratum),
hepatica (Hepatica nobilis), yellow archangel
(Galeobdolonluteum),bitterpeavine(Lathyrusvernus),
lungwort (Pulmonaria obscura), fig-root buttercup
(Ficaria verna), herb Paris (Parigsuadrifolia), and
wood millet (Milium effusum). In addition, there also
may be found wood sorrel (Oxalis acetosella) and
meadow horsetail (Equisetum pretense). There are no
subshrubs (huckleberry, clusterberry etc.) or they play
an inessential role. Moss-and-lichen layer is thinned.
The following species may be found in this layer:
Atrichum undulatum, Brachythecium salebrosum,
Cirriphyllum piliferum, Plagiomnium cuspidatumm,

Table 4
Morphological description of horizons on permanent study area 2
Horizon Thlc_knesses Characteristics
of horizons, cm
A, 0..3 Forest leaf litter horizon, well-decomposed, leaves, grasses, branches, roots
Humus-accumulated horizon, dark-brown colour, fine grained structure, fluffy
A 3.17 - "
1 consistence, sabulous, roots may be found, smooth transitions
A 1730 Cryptopodzolic horizon, light gray colour, with dark spots, pulverescent structure,
2feh fluffy consistence, sabulous, roots may be found, smooth transitions
Iluvial horizon, yellowish colour with brown spots, lumpy structure, firm
B 30...70 . . .
fe consistency, sandy, and ferruginous murrams may be found, smooth transitions
C >70 Esker coarse-grained sand
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Tabl
Agrochemical parameters of soils on permanent study area 2 wwles
. Content,
Horizon E?Iﬁgﬂizsne: ;l:]?;lrjlf PH mg eg. (100 g)* of soil Degree of base
om % saturation, %
HO | KCI | HSA | TEB | K0 | P,O, | NO,
PSA4-1
A, 4..14 4.49 5.8 3.6 12.74 541 4.2 59 0.8 29.8
Ay 14...20 1.86 61 | 42 | 309 | 021 | 42 | 80 | 53 6.3
B 20..77 0.63 5.7 4.2 5.64 0.42 4.0 7.2 0.5 6.8
BC >77 0.55 5.8 44 2.55 0.83 4.0 9.0 3.7 24.6
PS4-2
A, 3.17 3.65 6.8 4.8 4.00 5.2 4.6 110 | 23 56.5
Ayen 17...30 0.97 6.9 4.7 1.64 1.66 4.2 7.6 5.0 50.4
B, 30...70 1.28 6.9 4.6 2.00 2.29 4.2 145 0.5 53.3
C >70 0.68 6.8 4.8 2.37 2.08 4.2 22.0 4.5 46.8

Note. HSA — hydrolytic soil acidity; TEB — total exchangeable bases.

Rhytidiadelphus triquetrus, Rhodobryum roseum,
Sciuro-hypnum oedipodium, S. reflexum.

Lime-forests within these permanent study areas
are classified as the nemoral series of types of forests;
this nemoral series is described in the typological
classification of the Saint Petersburg Research Institute
of Forestry (®enopuyk et al., 2005). In accordance
with the ecologo-phytocenotic classification in the
modification of Vasilevich (Bacunesnu & bubukoga,
2002), these forests are classified as the forests
that belong to Aegopodio-Tilietum association. In
accordance with the floristic classification of the R&D
school that is headed by J. Braun-Blanquet (Dierssen,
1996), the nemoral lime-tree forests correspond to
Aegopodio—Tilietum association. In accordance with
the vegetation classification of the Scandinavian
countries (Pahlsson, 1994), the above-described
communities may be classified as Tilia cordata—typ,
which may be found in Finland, Denmark, Norway,
and Sweden. As concerns Estonia, the communities
having similar composition with predominance of the
lime trees are classified as Adegopodium—site type.

The soil composition studies were performed
within the permanent study areas. Morphological
description of the pit No. 2 within the PSA-2 is
presented in Table 3, while main parameters of
productive capacity of soils are presented in Table 4.

In accordance with the Russian classification of
forest soils, this soil has the following name: mull
humus cryptopodzolic ferrous-and-illuvial sandy soil
on the esker sand.

As concerns humus content in the upper horizon,
these soils are classified as well-saturated soils (more
than 4.0%), and this fact is not the characteristic

property of the soils of the taiga zone. As concerns
humus content and thickness of the humus horizon,
they correspond to the soils of two series of forest
associations: both on the carbonate-free clay loams
and on the carbonate clay loams, which were described
in the Leningrad region (®emopuyk et al., 2005).
These series are characterised by the most fertile
soils of forests in this region (Penopuyk et al., 2005).
Apparently, litter leaf fall of the lime tree ensures high
humus content. It is known that lime tree has a deeper
root system as compared with fur trees; therefore,
such a root system is capable to take up nutritional
substances from the more depths, where nutritional
moraine loams with calcium carbonate are situated.
This fact results in an increase of both pH value and
concentration of the interchangeable calcium (Ca+2)
on the soil surface, as well as improves conditions for
decomposition of the litter leaf fall and accumulation
of humus (Van Breemen & Buurman, 2003; Dijkstra,
2000), thus increasing rate of growth of the lime tree.
It is confirmed by the high reserves of woodlands.
Thus, according to the inventory data, standing
volume within the PSA-2 was 579 cu.m ha; however,
this standing volume is absolutely nontypical for the
conditions of Lisino forest district.

Base saturation percentage in the humus horizon
is 29.0 and 56.0% and these levels may be compared
with results for the upper horizons of soil (down
to the depth of 80 cm) of the nemoral series of
forest associations on the carbonate-free clay loams
(27.1 + 55)% and on the carbonate clay loams
(61.7 + 10.1)% (Demopuyk et al., 2005). Regarding
the degree of base saturation, these soils are classified
as unsaturated soils, and this is, in principle, the
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characteristic for the forest soils (and the soil water
regime ensures this level).

The degree of exchangeable soil acidity (pH,,)
varies from the very highly acidic level up to the
average acidic level (from 3.6 up to 4.8 units). It is
evidence of the absence of the carbonate rocks or
carbonate ground waters at the depth down to 80 cm.
As concerns the soils of the nemoral series of forest
associations on the carbonate clay loams, which were
described in the Leningrad region at the depth of
occurrence of the carbonate moraine (approximately
80 cm), value of pH, ., is equal to 7.0+ 0.26 (Penopuyk
et al., 2005). Soil effervescence within the PSA-1 and
PSA-2 was not found for the entire length of profiles,
that is, at the depth down to 80 cm.

Availability of the mobile potassium in the soils is
considered too low for the optimum plant growth, and
this fact is typical for the soils of the taiga zone.

Availability of phosphorus increases with depth: it
changes from the low level up to the average level in
the soil pit 1, while in the soil pit 2 it changes from the
average level up to the high level. Such an increase
is typical for the podzolic soils, because the podzol-
forming process ensures washing of soils, and thus
causes migration of phosphorus and interaction of the
latter with iron.

Degree of availability of nitrogen (in moving
active forms) is low, provided that the greater values
(5.0...5.3 mg-eq. (100 g)?1) are usually fixed in the
leached horizon (as well as in the maternal rock
(3.7...4.5 mg eq. (100 g)*), while the illuvial horizon
is characterised by lesser values (approximately
0.5 mg eq. (100 g)1).

In accordance with the previously performed
investigations of soils within the nemoral series of
forest associations, the total nitrogen content is equal
to approximately 1.0...2.0%. However, this fact is
connected with the reserves of nitrogen in organic
substances (which includes not only active moving
forms), that is, it is not correct to compare these
parameters with other companies.

Results of the morphological investigations
demonstrate that the soils with weakly-expressed
podzol-forming characteristics are created on the
washed-out esker podzolic due to the efficient drainage
of sandy soils. It is a typical characteristic for the soils
on the sands and moraine boulder loams, in respect
of which results of previous investigations confirm
that typical podzolic horizon is rarely created; more
frequently, this horizon is the horizon of a transitional
type (in the form of spots) or it is not available in
principle (®enopuyk et al., 2005).

It is very interesting to determine the origin and
period of existence of the lime-tree forest in the Lisino
forest district. Analysis of mortality rates of the lime
trees in the North-West (Eaton, Caudullo & de Rigo,

2016), as well as results of subsequent models of
dynamics of the lime-tree forests (Drobyshev et al.,
2009) evidence that the lime-tree woodlands can exist
without reproduction during 400 years as a minimum.
In accordance with the data provided by C.D. Pigott
(Pigott, 1989), the maximum age of lime trees can
achieve 1300 years. It is known that lime-tree forests
exist in the Northern England (within the same
region) 3...4 thousand years (Pigott, 1989), that is, the
beginning of the Holocene optimum. It is possible to
explain existence of the lime trees to the north from the
terrestrial latitude of the Lisino forest district (where
seeds of the lime trees cannot grow ripe (Bymbirux
& Spmuiiko, 2003) as follows: the lime trees are
capable to ensure sucker regeneration following the
death of trees due to windfalls or extraction of timber.
Therefore, it is possible to assume that the lime-tree
forests in the Lisino sectional forest district are relicts
of the warm Atlantic period of the Holocene.

Conclusions

1. The lime-tree forests under this investigation are
the old-aged forests, which exist in the stage of
gap dynamics, and this conclusion is confirmed by
predominance of the lime trees both in the growing
stock, and in the understory. Therefore, they
existed and can exist further within the same region
during sufficiently long period of time. However,
the lime-tree forests under this investigation are
characterized by high annual mortality percentage,
and this fact can cause subsequent replacement of
the lime by spruce if introduction of the spruce
seeds is possible.

2. The ground vegetation within the lime-tree
forests under this investigation is characterised
by predomination of the species that are more
typical for the southern regions of the broadleaved
woodland zone.

3. The lime-tree forests under this investigation
occupy those localities, which are characterize by
high humus content and relatively thick humus
horizon, although these soils were formed on the
carbonate-free rocks and they are characterised
by the low content of movable forms of mineral
elements. However, soils of study area are rich in
respect of organic substances, the content of which
exceeds average values by several times. This fact
makes it possible to classify these soils as the soils
that are well saturated with humus. Availability of
essential volumes of organic substances in these
soils confirms potential reserves of nitrogen,
which (in the course of subsequent mineralization)
will transform in other forms (accessible for
vegetation) and assist to development of the lime-
tree growing stock.
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Abstract

The study represents results on remote sensing methods based evaluation of land use and land use changes in former
and existing peat extraction areas in Latvia. The aim of the study is to elaborate activity data set for the National
GHG inventory for the wetlands remaining wetlands for peat extraction. The study results provide sufficient data for
application of the default emission factors for the peat extraction sites and flooded lands. Abandoned peat extraction
fields, which are not yet afforested, flooded or rewetted should be reported as peat extraction sites following a
conservative approach in application of the emission factors. The study results can be used to report land use changes
since 1990; however, linearized approach in calculation of the land use change may result in overestimation or
underestimation of GHG emissions in certain periods of time. According to study results, the area of peat extraction
sites is considerably bigger than currently reported in the National GHG inventory, mainly due to considerable areas
of abandoned peat extraction fields. Flooded lands may be a significant source of emissions and should be introduced
in the National GHG inventory to secure consistency of reporting. Methodology for calculation of GHG emissions
from flooded lands should be also elaborated. It is also necessary to elaborate emission factors for fertile and non-
fertile peat extraction sites and continue work on separation of different soils in the inventory to increase accuracy of

calculations.

Key words: greenhouse gas emissions, inventory, activity data, wetlands, peat extraction.

Introduction

Latvia is taking part in the worldwide climate
change mitigation process and together with
other countries Latvia signed the United Nations
(UN) Framework Convention on Climate Change
(UNFCCC) in the UN Conference on Environment
and Development in 1992. The Parliament of the
Republic of Latvia ratified the UNFCCC on February
23, 1995. On May 30, 2002 the Parliament ratified the
Kyoto Protocol (KP). As a member of the European
Union (EU), Latvia has obligations also under the
Regulation No 525/2013 of the European Parliament
and of the Council on a mechanism for monitoring
and reporting GHG emissions and for reporting other
information at national and the EU level relevant to
climate change and repealing Decision No 280/2004/
EC. This regulation comprises reporting to fulfil the
EU Effort Sharing Decision (406/2009/EC) and the
EU LULUCF Decision (529/2013/EU). Commission
Implementing Regulation No 749/2014 and the
Commission Delegated Regulation No 666/2014
determine implementation of the Regulation No
525/2013. Under the UNFCCC, KP and above
mentioned regulations, Latvia is required to provide
annual information on anthropogenic greenhouse
gas (GHG) emissions by sources and removals by
sinks of all GHG not controlled by Montreal Protocol
from following sectors: Energy, Industrial Processes
and Product Use, Agriculture, Land Use, Land Use
Change and Forestry (LULUCF) and Waste.

During the second commitment period of the
KP Latvia decided to account GHG emissions
and removals from forest management as well as
mandatory activities listed in the KP paragraph

3.3 — afforestation, reforestation and deforestation
(Ministry of Environment and Regional Development
of Republic of Latvia, 2015). According to the
Proposal for a Regulation of the European Parliament
and of the Council on the inclusion of greenhouse
gas emissions and removals from land use, land use
change and forestry into the 2030 climate and energy
framework and amending Regulation No 525/2013
of the European Parliament and the Council on a
mechanism for monitoring and reporting greenhouse
gas emissions and other information relevant to
climate change (LULUCF regulation) accounting of
forest lands, grasslands and croplands will become
mandatory in 2021 and accounting of wetlands will
become mandatory in 2026, respectively these land
use categories will have their emission reduction
targets.

Managed organic soil is one of the largest key
sources of GHG emissions in boreal and cool temperate
moist climate regions in Europe (Salm et al., 2009).
However, scientifically based accounting methods for
GHG emissions have been developed and activity data
are available mainly for organic soils in boreal climate
region (Laiho, 2006; Lupikis et al., 2017; Lupikis &
Lazdins, 2017; von Arnold et al., 2005). For instance,
the default emission factors in the 2013 Supplement
to the 2006 IPCC Guidelines for National Greenhouse
Gas Inventories: Wetlands for forest land on drained
nutrient-rich organic soils in the boreal zone are based
on data from 62 sites, while for the temperate zone,
there are data from only 8 sites and both nutrient-rich
and poor soils are lumped together (Blain et al., 2013).
Such a situation creates the risk of inconsistency of
the GHG inventories and makes complicated planning
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of the mitigation measures in national and EU climate
policies. Therefore, development of country-specific
Tier 2 or Tier 3 GHG accounting methods including
activity data sets and emission factors are urgently
needed for a cool temperate moist climate region
representing the majority of organic soils in the EU
(Lupikis & Lazdins, 2017).

GHG emissions from wetlands should also be
evaluated in light of the climate change projections
creating new challenges not only in forest management
(Baders et al., 2017; Jansons et al., 2016), but also in
development of climate sensitive mitigation strategies
for managed organic soils. When the climate becomes
warmer, GHG emissions will increase and current ‘net
sink’ systems may turn into ‘net emissions’ systems
(Norberg, 2017).

In Latvia, wetlands remaining wetlands is a key
category of CO2 emissions. Latvia reports emissions
(on-site and off-site) associated with industrial
peat extraction in this category. Aggregated on-site
emissions from soils in industrial peat-lands are
equal for the whole time series due to lack of data
about status of industrial peat-lands prepared for
extraction 20 — 40 years ago. Off-site CO2 emissions
are associated to the horticultural (non-energy) use of
peat extracted and removed. Off-site emissions from
peat used for energy are reported in the Energy Sector
(Gancone et al., 2017; Lupikis et al., 2017). The net
GHG emissions in wetlands in 2015 were 1012.05 kt
CO2 eq. N20 and CH4 emissions contribute to about
0.2% and 1.4% of total emissions from organic soils
(sum of on-site and off-site GHG emissions) in 2016
(Gancone et al., 2017).

According to the 2006 IPCC Guidelines, wetlands
include the land that is covered or saturated by water for
all or part of the year and that does not fall into the forest
land, cropland, and grassland or settlement categories
(Eggleston et al., 2006). In 2015, the total area of
wetlands in Latvia was 445.18 kha, including 27.0 kha
of peat-lands drained for peat extraction (according
to Table 3a.3.3 of the IPCC GPG LULUCF 2003, ed.
Penman, 2003). In spite of several attempts to improve
reporting of land use in Latvia, peat-lands drained for
peat extraction are still reported using outdated activity
data and in light of the requirements of the LULUCF
regulation there is an urgent need to improve activity
data on reporting of managed wetlands.

The aim of the study is to provide improved activity
data for accounting greenhouse gas emissions from
managed wetlands, particularly, to evaluate the status
of peat extraction sites to avoid double accounting of
emissions from soil.

Materials and Methods
The project methodology is based on remote
analysis of existing spatial data sources representing

land use and peat extraction — Forest inventory
database (updated in 2015) maintained by State Forest
Service (SFS), Land-parcel identification system
(LPIS, updated in 2016) maintained by Rural Support
Service (RSS), the wvectorised topographic map
(1:10000, updated in 2016) maintained by the Latvian
Geospatial Information Agency (LGIA), Map of
peatlands digitalized within the scope of the European
Regional Development Fund project and maintained
by Latvian Environment, Geology and Meteorology
Centre (LEGMC). Printed maps of peat extraction
licence areas provided by LEGMC were digitalized,
georeferenced and validated against public raster maps
within the scope of the earlier studies. Additional
information used in the study is Landsat satellite image
series from 1990 and aerophotographs (provided by
LGIA) from 2nd to 5th cycle (2003 — 2015), as well as
Sentinel 11 satellite image series from 2016.

Spatial analysis of the initial data was done using
QGIS, Grass GIS and SAGA software tools. Spatial
information is stored in Shapefile format, as multipart
polygons. The classification of land use and vegetation
types in former and existing peat extraction sites
within the scope of the study is organized as multi-step
procedure. The first step is creation of spatial layer
containing all peat extraction sites. To create this layer
digitalized information on peat extraction licences is
visually compared with aerophotographs and borders
of actual peat extraction fields (area within contour
ditches and area covered by drainage ditches) are
selected within borders of licence areas, which where
updated to actual borders of peat extraction fields where
necessary. Then aerophotographs are used to draw
addition parts of the polygons outside licence areas
nearby the existing extraction fields. Then normalized
difference vegetation index (NDVI) is calculated
for Landsat image fragments intersecting with Map
of peatlands and supervised classification method is
used to identify areas with NDVI index characteristic
for peat extraction fields (Bastiaanssen, 1995). Areas
exceeding 10 ha size are inspected visually using the
oldest available aerophotographs and peat extraction
fields not identified before are selected. The expert
judgement is used to add former peat extraction fields
not yet identified in licence database and in Landsat
images. A distance between drainage ditches, the area
surrounded by contour ditches and shape of fields are
used as the criteria to identify and to draw borders
of peat extraction sites. Attributes of intersecting or
nearest objects in the Map of peatlands (LEGMC) are
allocated to the identified peat extraction sites.

After creation of the spatial layer of former and
existing peat extraction sites (PES) it is treated in two
ways — by calculation of NDVI using Grass GIS and
Sentinel 11 satellite image series and separation of
woodlands from other lands and by visual inspection
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(using aerophotographs, 4th and 5th cycle) of water
regime to separate flooded, rewetted and other areas.
Visual inspection is also used to separate areas
extracted by milling and by digging method. The
threshold NDVI value for separation of forest and non-
forest lands is 0.45. After separation of woodlands and
non-forest land areas covered by trees less than 0.1 ha
in size is moved to non-forest lands. The water regime
categories separated during the visual inspection
are active or recently abandoned peat extraction
sites (no vegetation or surface water, signs of peat
extraction like roadside piles, road network, ditches
are easily identifiable, these sites are considered as
drained), sites where peat extraction is terminated
(no fresh signs of peat extraction, no continuous
woody vegetation, uncertain water regime); peat
quarries extracted using digging method (not flooded,
uncertain water regime); flooded areas (no continuous
water cover, high groundwater level, considered as
rewetted sites); ponds (small water bodies, considered
as flooded areas); large water bodies (continuous
water cover, considered as flooded areas); other lands
(usually forest, cropland or grazing land, considered
as drained).

The next step of the analysis is intersection of PES
with Forest inventory database, LPIS and topographic
maps to identify areas with legal status forest
land, cropland, grazing land and settlements. The
remaining area where peat extraction is terminated,
peat is extracted using digging method and other
lands is intersected with the spatial layer separating
woodlands and non-forest lands according to Sentinel
Il data analysis. Additionally, all areas are intersected
with peat extraction licensing spatial layer to separate
areas where peat extraction is permitted according to
existing agreements.

The resulting 2 sets (within and outside existing
peat extraction licence fields) of spatial layers are:
(1) forest land, (2) farmlands (cropland, grassland
and orchards), (3) settlements, (4, 5) flooded areas
(accordingly, ponds and large water bodies), (6)
rewetted areas, former peat quarries including (7)
afforested land and (8) area with herbaceous and shrub
vegetation, abandoned peat extraction sites including
(9) afforested land and (10) area with herbaceous
and shrub vegetation, and other land including (11)
afforested land and (12) area with herbaceous and
shrub vegetation and (13) peat extraction sites. After
intersecting the spatial layer were merged together
and topology errors were manually corrected using
QGIS built in functions. The errors were identified
using Topology Checker tool. After correction of
topology areas of polygons were recalculated and
used for analysis.

Areas in the spatial layer 2 are already reported
under cropland or grassland in the National GHG

inventory, area in the spatial layer 3 is already
reported under settlements, areas in the spatial layers
1, 7, 9 and 11 are already reported under forest land
category, areas in the spatial layers 4, 5, 6, 8, 10, 12
and 13 should be covered by the default value from
the Table 3a.3.3 of the IPCC GPG LULUCF 2003
used to characterize the land used for peat extraction.

The GHG emissions from areas in spatial layers
4 and 5 should be calculated according to the
methodology for flooded lands (Vol. 4, Chapter 7,
2006 IPCC Guidelines, Eggleston et al., 2006), in
the spatial layer 6 — according to methodology for
rewetted lands (Chapter 3, Wetlands Supplement,
Hiraishi et al., 2013), in the spatial layers 8, 10, 12,
13 - according to methodology for drained organic
soils (Chapter 2, Wetlands Supplement, Hiraishi
et al., 2013). Considering conservative approach
emission factors for nutrient-rich soils in temperate
moist climate region should be applied in the areas
in the spatial layers 8, 10, 12 and the emission factors
for nutrient-poor soils — in the spatial layer 13. For
all land use categories emission factors for organic
soils should be used to conform to the conservative
approach in reporting of GHG emissions.

In the land use change calculation, it is assumed
that peat extraction in quarries is terminated before
1990. In forest lands with records in the Forest
inventory database, the actual age of forests is used
to determine the year of afforestation. For other land
use categories, linear regression is used assuming
that former peat extraction areas transformed into a
forest land, cropland and grassland, the settlement
or flooded land gradually reached current land use
structure in 2016.

Results and Discussion

The total area of former and existing peat
extraction sites identified in the study is 54.9 kha. The
total number of separate polygons is 237 and they
are representing 185 records in the Map of peatlands
(LEGMC). The average size of polygon is 0.2 kha.
The total area of forest land legally transferred into
a forest (spatial layer 1) is 9.6 kha, including 2.3 kha
afforested after 1990. Area of cropland and grassland
(spatial layer 2) in former peat extraction sites is 0.8
kha. Area of settlements including summer cottages,
houses, streets etc. (spatial layer 3) is 1.9 kha.
According to Sentinel Il data analysis only 16% (8.2
kha) of the former and current peat extraction sites
conforms the selected NDVI threshold value.

The area of active peat extraction sites with
ecasily identifiable signs of management activities
(spatial layer 13) is 12.1 kha. Flooded areas are 5.3
kha including 0.2 kha of ponds (spatial layer 4) and
5.1 kha of larger water bodies (spatial layer 5). The
rewetted area (spatial layer 6) is only 15 ha, because
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Farmland (2) 1.4%

Forest land (1, 7, 9,
11) 23.1%

Settlements (3) 3.5%

Flooded land (4, 5)
9.7%

Rewetted land excl.
forest (6) 0.0%

Peat extraction &
abandoned fields (13,
8,10, 12) 62.3%

Figure 1. Distribution of area of extracted peatlands.

the areas under wet forests are already accounted
as forest lands. The area of abandoned peatlands
extracted using a digging method, excluding areas
which are already transferred into Forest inventory
database, is 114 ha. 16% of this area is already
afforested (spatial layer 7) according to Sentinel Il
data analysis. The total area of identified peat quarries
is 2.4 kha. The area of abandoned peatlands extracted
using a milling method is 16.3 kha, including 0.3 kha
of afforested area (spatial layer 9) and 16 kha of areas
covered mainly with herbaceous vegetation or small
groups of trees (spatial layer 10). The area of other
extracted peatlands is 8.7 kha, including 2.7 kha of
afforested area (spatial layer 11) and 6.0 kha of areas

covered mainly with herbaceous vegetation or small
groups of trees (spatial layer 12). Summary of the area
distribution of extracted peatlands is shown in Figure
1. Most of the area is covered by currently active
(spatial layer 13) and abandoned (not afforested yet)
peat extraction sites (spatial layers 8, 10 and 12).
Most of peat quarries are already afforested. Active
peat extraction continues in 22% of the total area of
peat extraction areas. Flooded and rewetted land in
total is 9.7% of the total from the area of land used
for peat extraction. However, part of forests (14%
forests on wet mineral and organic soils, Figure 2)
fulfils the main criteria for the rewetted land — a high
groundwater level during the whole vegetation period.

Dry mineral soils 1.8%

Wet mineral sgi

Drained mineral soils 9.2%

Wet organic soils 11.8%

2.2%

Drained organic soils 75.1%

Figure 2. Distribution of area of extracted peatlands.
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Figure 3. Linearized land use changes in areas used for peat extraction.

Forests on drained organic soils are 75.1% of the total
forest area intersecting with the Forest inventory
database, including 7% (from the total forest area) of
forests on fertile soils, where removals in litter and
dead biomass do not compensate carbon losses from
soil (Lupikis & Lazdins, 2017). Only 13.2% of forests
intersecting with the Forest inventory database are
growing on mineral soils. Notably,drained and wet
mineral soils may fulfil threshold values for organic
soils according to IPCC 2006 (Eggleston et al., 2006).

Assuming that forests, which are older than 20
years and intersect with the Forest inventory database,
changed their land use status before 1990, the total area
of the former and existing peat extraction sites, which
should be reported as wetlands in 1990 is 47.5 kha.
The use of conservative approach in the calculation
of GHG emissions requires an assumption that these
lands were used or prepared for peat extraction in
1990, respectively, the most conservative emission

factors (the ones for peat extraction sites and not
for those used in wet organic soils) from the IPCC
Wetlands supplement (Blain et al., 2013) should be
applied to calculate GHG emissions to characterize
GHG emissions in 1990. This assumption may lead
to potential double accounting of GHG emissions
in wetlands and forest land, because some of forests
identified by the NDVI analysis in Sentinel II satellite
images may be older than 20 years, but it fulfils
requirements of conservative approach. Updated
information on the age of forests not intersecting
with the Forest inventory database would increase
accuracy of the calculation of GHG emissions;
however, gathering of such data, using accessible
methodologies, is very costly and obtained emission
reduction will not compensate the expenses.

Land use change estimates elaborated within the
study are summarized in Figure 3 and Table 1. The
area of peat extraction fields including abandoned

Table 1
Summary of land use changes
Land use 1990 1995 2000 2005 2010 2016
Farmland (2) 0.0 0.1 0.3 0.4 0.6 0.8
Forest land (1, 7, 9, 11) 7.3 8.3 9.4 10.4 11.5 12.7
Settlements (3) 0.0 0.4 0.7 11 15 1.9
Flooded land (4, 5) 0.0 1.0 2.0 3.1 4.1 53
Rewetted land excl. forest (6) 0.0 0.0 0.0 0.0 0.0 0.0
Peat extraction and abandon fields 47.6 45.1 42.5 39.9 37.3 34.2
(13, 8,10, 12)
Total area 54.9 54.9 54.9 54.9 54.9 54.9
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Figure 4. Area which should be reported under wetlands category of the GHG inventory.

areas continuously decreasing, however, the study
also approves a necessity to include calculation of
emissions from flooded lands in the GHG inventory.
Considering that flooded lands are not represented
in the GHG inventory report, methodology for
calculation of the emissions should be elaborated or
a relevant methodology from IPCC 2006 or Wetlands
supplements should be applied. The share of rewetted
areas is insignificant; therefore, this land use category
can be merged with flooded lands and emissions can
be calculated using the methodology for flooded lands.

The total area of wetlands drained for peat
extraction has been considerably reduced since 1990
(Figure 4); however, it is still bigger than the currently
reported area in the GHG inventory report (27.0 kha)
due to a large area of temporarily abandoned peat
extraction fields (64% of the total area in Figure 4 in
2016). These figures should be used in the National
GHG inventory to avoid underestimation of GHG
emissions due to management of wetlands. The study
does not respond to the question if the emission
factors for nutrient-rich or poor soils should be
applied to these areas, respectively, what is a share
of raised bogs (nutrient-poor sites). A conservative
approach requires the use of the emission factors
for nutrient-rich soils; however, it would lead to a
considerable overestimation of the emissions, because
most of active licenses were digitized during the study
application to nutrient-poor peatlands (raised bogs).
The default IPCC 2006 emission factors for nutrient-
rich and -poor peat extraction fields are equal for the
temperate moist climate region; therefore, separation
of soils by a fertility class will not result in different
GHG emission estimates and total values presented
in Figure 4 can be used in GHG calculation until soil
type specific emission factors are elaborated.

The default data source for reporting of land use
is National forest inventory (NFI). In future, GHG
inventory submissions the NFI should be integrated
with the more detailed polygon analysis provided
in this study to avoid double accounting of the
emissions. The area of land summarized in Figure 4
should be reported as wetlands remaining wetlands,
the land used for peat extraction. Other land uses
and land use changes will be reported within the NFI
procedure for reporting of land use changes. Quality
assurance should include comparison of the specific
land use changes and linearized approach provided in
this study and harmonized where necessary.

Conclusions

1. The study results can be used as land use activity
data for calculation of GHG emissions in wetlands
category of the National GHG inventory, including
land use changes since 1990. However, further
improvements are necessary to interpolate land
use change data.

A linearized approach in calculation of emissions
may result in overestimation or underestimation
of GHG emissions in certain periods of time;
however, the application of the obtained figures
avoids underestimation of GHG emissions due to
the management of wetlands, as it happens in case
of application of the default values available in the
inventory guidelines.

The area of peat extraction sites is considerably
bigger than currently reported in the National
GHG inventory, mainly due to the abundance of
abandoned peat extraction fields, which are not yet
afforested or flooded.

There is a need to introduce a new land use
category — flooded land — into National GHG
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Abstract

Increase in use of biomass as renewable source of energy in Europe is tightly linked to the policies aimed at mitigation
of climate changes i.e. reductions of greenhouse gas emissions. Both for assessment of the carbon sequestration and
emissions as well as for assessment of potential amounts of biomass for renewable energy, information of land cover
dynamics are essential. Therefore, the aim of our study was to improve accuracy of estimates of the land use changes
in the time period between 1990 and 2014.

Land use categories were determined in accordance to UNFCCC: wetland, cropland (arable land, bare field), forest,
grassland, settlements (urban/suburban area), and other land. Combination of data from National forest inventory
(NFI) sample plots and analysis of Landsat images were used. For the classification based on Landsat images
vegetation index (NDVI) was estimated and linked to known information on the land use type from NFI sample plot
data.

In the analysed period, the most significant changes were found for forest lands — the total area of forest land during
the last two decades had increased by 1% (64.5 thousand ha). Similar increase (1.2%) was observed also in the area
of cropland. Both of these tendencies were primarily the result of marginal field area reduction (by 2.6%). Increase in

forest area and thus annual increment has led to an increase in above-ground biomass by 10.2 m® ha™.
Key words: forest inventory, change mapping, remote sensing, landsat.

Introduction

Reliable information on landscape and its
dynamics over time has been critical for managing
and supporting related political decisions. Land cover
and land use changes are inevitable phenomena due to
the action and interaction of natural and human factors
(Council of Europe, 2000). During the past decade
of remote sensing history, a significant progress of
satellite remote sensing methods (Huang et al., 2010)
has provided a unique, continuous record of earth
observation (Main-Knorn et al., 2013). Moreover,
since the recent opening of the Landsat archive by
the United States Geological Survey (USGS), it has
proven to be of unmatched value in the monitoring
and modelling of global land cover and land use
change (Wulder et al., 2012). Land cover and land use
changes contribute key information about the process
that results in landscape transformation (Lambin et
al., 2001). Land marginalization and intensification
lead to changes in the land use patterns over Europe
(Jongman, 1996). Particularly in the former Soviet
Union countries where paludification of the drained
agricultural land as a legacy of extensive agriculture as
well as former cropland overgrowing into forest lands,
affected carbon fluxes (Kuemmerle et al., 2011).

Land cover and land use change is the most
dynamic driving factor of terrestrial carbon stock
change (Schulp et al., 2008). According to the United
Nations Framework Convention on Climate Change,
countries are required to report annually their green-
house gas emissions (GHG) and stock changes
(UNFCCC, 1997). Therefore, a consistent information
of the carbon sequestration and emissions, including
assessment of potential amounts of biomass such as for

renewable energy and information of land cover and
land use change dynamics is essential in carbon stock
change and GHG emission from Land Use, Land-Use
Change and Forestry (LULUCF) sector modelling and
in relation to supporting political decisions (Dhillon &
Wouehlisch, 2013).

The methodological guidance of LULUCF is still
insufficient. Up to now the GHG emissions calculations
in Latvia have been based on data of moderate spatial
(30 m) resolution satellite images classified by the
unsupervised method. The main objective of land
cover and land use analysis for Latvia is to understand
better the extent of land cover evolution and dynamics
in the country over the past two decades. Therefore,
the aim of our study was to improve accuracy of
estimates of the land use changes in the time period
between 1990 and 2014. In addition, after a complete
digitizing of the sample plots and their sectors of the
National Forest Inventory in 2015, it was possible to
describe land cover and land use change since 1990
more accurately.

Materials and Methods
Data and pre-processing

The framework of this research has been based on
two types of data: the land cover and land use category
change analysis between first (I) and second (II)
National Forest Inventories (NFI) cycle, that cover the
time period from 2004 to 2013 and analysis of a time
series of the Landsat TM data covering the years 1990
to 2000 to monitor land cover changes using remote
sensing and GIS techniques.

The NFI statistical data of forest resources in
Latvia and spatial coordinates from all NFI permanent
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sample plots to identify land cover changes that
occurred from 2004 to 2013 all over the territory of
Latvia, were used. The NFI has been performed in
Latvia since 2004 and it is based on the method of
continuous sampling where the sampling unit is a
sample plot with radius 12.62 m (Jansons, 2006).

We obtained only cloud-free Landsat 5 TM
and 7 ETM+ (L1) systematic and terrain corrected
image data, with a 30 m spatial resolution and UTM
projection (zone 36N WGS84). Altogether 27 Landsat
scenes from May to August within the geographical
extent of Landsat World Reference Paths 185 — 190,
Rows 20 — 21 were used. The satellite images were
geo-registered to the LKS-92 coordinate system
(using a resampling algorithm (Cubic Convolution)).
A five-year interval (1990, 1995 and 2000) to identify
land cover changes that occurred from 1990 to 2000
was used. Landsat images had a nominal starting year
of 1989 and an ending year 2000 due to limited data
availability (cloud-free scenes), the actual temporal
intervals between consecutive acquisitions can be
different from the nominal interval (Huang et al.,
2010). As a result, for each five-year time step we also
used a closest possible date with cloud-free image
(still keeping consistency in seasonality)

Data analysis and classification methods

To compare land use change between both NFI
observation cycles we used ‘Tabulate Intersection’
tool in ESRI ArcMap 10.2., where land use categories
for each sample plot of the I NFI cycle was used as
the input zone features, while land use categories for
each sample plot of the Il NFI cycle was as the input
class features. We calculated how much of the zone
was intersected by each class (area, ha).

Historic land use changes before measurements of
the NFI were analysed with supervision classification,
e.g. the maximum likelihood classification method
(MLC) (Jensen, 2005). We used six categories such
as croplands (bare soil and agriculture), other lands,
settlements (urban areas/ suburban areas), forest,
wetlands and grasslands based on the United Nations
Framework Convention on Climate Change (Mollicone
et al., 2003). For each category within every Landsat
scene at least 20 ground truth polygons were digitized
and a signature file with spectral attributes created
(Jensen, 2005). The supervision classification was
performed in ESRI ArcMap 10.2. software.
Assessment of the loss of live biomass

We obtained the total live aboveground biomass
from the NFI database for | and Il cycles. The loss of
the living biomass between | and Il NFI cycles was
calculated comparing the wood yields only in those
areas where changes of the land cover and land use
were detected. We distinguished separately those areas
which were transformed into croplands, urban areas
or grasslands as well as where the transformation was

carried out in naturally afforested areas and in areas
where the forest was grown before 1990. Yield stock
changes were calculated using spatial layers (as .shp
files) with information of the land cover and land use
categories from the database of the NFI sample plots
in the attribute table. We used ‘Intersect’tool in ESRI
ArcMap 10.2. to combine information of the wood
volume for both cycles in one spatial layer and then
calculated differences among them. Area for each
sample plot and the wood yield (m? ha?) for plot was
extrapolated to its represented area and national level
using conversation coefficient 0.7991807214 m? ha™.
Finally, in those sample plots where land cover and
land use transformation were detected, we calculated
differences between | and Il cycle and divided by
the area in which the land-use change was detected,
thereby obtaining a mean yield change. To describe
the land cover and land use change after 2011 (for
the time period from 2012 to 2014) we extrapolated
measurements of the last five years based on linear
extrapolation method of Intergovernmental panel on
climate change (IPCC, 2014).

Results and Discussion
Land cover and land use change in the time period
Sfrom 1990 to 2014

During the last hundred years in Latvia landscape
hasexperienced majortransformation fromagricultural
land to forest area. In 1935, the share of agricultural
land in the whole territory of Latvia was 57.3% and
forests occupied 26.6% of the land area (Bell et al.,
2009). Ongoing changes in the political systems in the
country towards a harsh policy on the development
of land-use structure during the Soviet period
(1940 — 1991) like collectivization of agriculture
followed by deportations and the centralization
of settlements (Nikodemus et al., 2005). During
the Soviet period from 1970 to late 80s in Latvia
agricultural role decreased and production was more
and more imported from other Soviet countries
(Krumins, 2012) that caused a gradual decrease of
agriculture land area (Mander & Palang, 1994). The
classification result of 1990 satellite images shows
that most of the areas were forest covered — 49.2%
of the land area (a total area of Latvia is 64573 km?),
grasslands covered 26.3% and cropland occupied
11.5% (Figure 1).

After the restoration of independence, the land
restitution and privatization in 1992 — 1999 resulted
in the return of land to its previous owners. Our
results are consistent with the continuing decline of
cropland area over the study area. We detected that in
a continuous five-year period the croplands declined
to 10.8% of land area, while forests and grasslands
increased to 49.6% and 26.6%, respectively. Reduced
agriculture land share in a landscape can be attributed
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Figure 1. The land cover and land use area change over the observation period.

to farm abandonment that started primarily in 1991,
after Latvia gained independence from the former
Soviet Union and the agricultural sector became less
profitable due to the shift to a capitalist economy, and
the breakup of farms into smaller plots (Mathijs &
Swinnen, 1998). Likewise, increase in forest area may
also be due to farm abandonment that resulted in the

conversion of many cropland fields into young forests
(Fonji & Taff, 2014).

After Latvia’s accession to the European Union
in following years cropland areas increased while
grasslands decreased accordingly. This research
shows that according to most recent statistics to Il
cycle of the NFI in 2011, the dominant land cover

Table 1
The land use changes in the time period from 1990 to 2011, area gain (ha)
. . Land use categories at the end of the period, thousand ha
Time Land use categories at the
period beginning of the period, ha ?;23 atr:];s,r St|r :]:;rt?, . Forest Wet-lands Glga:]sds
Cropland 0 0 0.40 0.09 0 43.46
0 Other lands 0 0 0 031 0 0
. Settlements 0 0 0 0 0 0.01
= Forest 0 0 0.80 0 1.01 0
3 Wetlands 0 0 0.06 0 0 0
Grassland 0 0 0 25.00 1.08 0
Cropland 0 0 0 0 0.40 1.57
S Other lands 0 0 0 0 0 0
S Settlements 0 0 0 0 0.59 112
o Forest 0 0 0.43 0 2.91 0
a3 Wetlands 154 0 0 0 0 0.36
Grassland 0 0 0 42.97 0 0
Cropland 0 0 0 0 0 60.25
bt Other lands 0 0 0.12 0 0 0
S Urban area 0 0 0 3.30 0.40 00
S Forest 2.47 0 0 0 0 5.66
5 Wetlands 0 0 0 1.30 0 2.71
Grassland 0 0 0.26 0 0 0
Cropland 0 0 0 0 0 0
p! Other lands 0 0 0 0 0 0
S Settlements 0.5 0 0 0 0.33 0
- Forest 0.57 0 1.94 0 0 0
Q Wetlands 0.11 0 0 248 0 0.01
Grassland 61.29 0 0.68 15.0 0 0
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Table 2
Extrapolated area gain as a result of deforestation from 2012 to 2014
i Annually deforested area, thousand The cumulative deforested area,
Land use categories at the end of the ha thousands ha
period. ha
2012 2013 2014 2012 2013 2014
Cropland 0.11 0.11 0.11 291 3.02 3.13
Other lands 0 0 0 0.09 0.09 0.09
Settlements 0.39 0.39 0.39 3.94 4.33 4.72
Wetlands 0 0 0 3.92 3.92 3.92
Grassland 0 0 0 4.85 4.85 4.85
Total 0.50 0.50 0.50 15.71 16.21 16.71
Table 3
Wood stock changes in transformed areas, m® ha!
. Land use categories at the 11 cycle of the NFI
Land use categories at the | cycle of
the NFI Crop-land | Other lands Infra- Forest Wet- Grassland
structure lands
Cropland 0 0 0.23 -16.55 0 0
Other lands 0 0 0 0 0 0
Settlements -2.9 0 0 109.07 -14.29 0.01
Forest -9.24 0 -45.64 0 -72.62 -47.24
Wetlands 0 0 4.12 106.97 0 61.42
Grassland -0.17 0 0.54 27.16 0.79 0

and land use category was forest with 50.3% of
total land area, grasslands and croplands occupied a
substantial part of the land area (23.7% and 12.7%,
respectively). While wetlands, settlements and
other lands together represented a considerably
smaller part of all landscape (13.3% of total area in
2010). Apparently, the common agriculture policy
of European Union financial payments to maintain
agriculture lands and farming provide a favourable
economic environment for land owners (Nikodemus
et al., 2010). Our results (counting together croplands
and grasslands) were similar to State Land Service
reported — agricultural lands, including land currently
in cultivation and abandoned areas at present occupy
38.1% of the land area of Latvia (State Land Service,
2006). A total deforested area for the time period from
1990 according to our results has been declared as
15.2 thousand ha including 4.0 thousand ha that has
been deforested as wetlands and other lands which
do not count in the GHG emissions. 11.2 thousand ha
was transformed into cropland, urban area and fallow
area, which is needed to be taken into account, when
calculating GHG emissions. In the detailed analysis
of land cover and land use, we found that in the time
period from 1990 to 1995 the greater changes of the
landscape pattern resulted in land transformation

among croplands (at the beginning of the period) vs
grasslands (at the end of the period) and grasslands
vs forest (Table 1.) indicating to land afforestation
process. However, grassland transformation into
forest land at the end of the period revealed the
ongoing afforestation process for the time period from
1995 to 2000.

In the following years, interpretation of the land
cover and land use categories shows a trend consistent
mainly to croplands and grasslands. In the time period
from 2000 to 2005, the cropland area of more than
60 thousand ha was transformed into grasslands. In
another study Bara (2007) found an increasing trend
of afforestation of croplands starting from 2004,
relating with EU co-financing, thus in 2005 nearly
five thousand ha of cropland have been afforested,
besides most often intending to afforest abounded
cropland with productive economic tree species
(Bara, 2007). An increase of farming in cropland in
the last decade has reflected in the area of cropland
that has been increased by 61.3 thousand ha, mainly
due to the decrease of grassland area. We assumed that
annually deforested area for 2012, 2013 and 2014 is
identical to the time period from 2007 to 2011. The
extrapolation of land cover and land use suggested
that at the end of the period the total afforested area
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would increase from 15.71 thousand ha in 2012 to
16.71 thousand ha in 2014. The extrapolation results
are shown in Table 2.

Changes in mean wood stock (Table 3) between
both cycles of the NFI in transformed areas ranged
from -72.62 m?® ha' (forest lands transformed to
wetlands) to 109.07 m® ha? (settlements transformed
to forest). Accordingly, application of actualized
calculation method would notably improve assessment
of biomass dynamics at national scale aiding for
reduction of material losses.

Conclusions

We conclude that most of the deforested areas
were not as a result of unsupervised classification
and actually have not derived from land use change,
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Abstract

Precision of the forest inventory still is one of the most important problems in the forestry nowadays. The aim of
this research was to estimate the results of the combined forest inventory (CFI), using high spatial resolution aerial
images in the planned areas of clear-cuts, comparing the results with the calipering and production files of harvesters.
Testing of algorithms showed considerable difference in results between the CFI, forest inventory data and harvester
production data. CFI results and production data had a close correlation with R?=0.83. Comparing CFI calculated
growing stock with production data, the average relative error amounted to 10.7%, which means the possibility for
integration of these results into the forest inventory system. Comparing to CFI, there is a weak correlation between
forest inventory and production data with R?=0.34. The results indicate that LIDAR CFI technology can be used in
the forecasting of the forest management, offering precise information about potential amount and economic value
of assortments.

Key words: combined forest inventory, LIiDAR, forest management, growing stock volume, harvester production

data.

Introduction

One of the most important problems in forest
inventory is the precision of the data about growing
stock and making a forecast about the value and amount
of assortments. Due to development of the digital
technologies, one of the fields for use of them became
forestry. Already in 1944 Finnish scientists started the
flights for preparing of the forest digital surfaces with
the aim to make for them forest management plans
(Vastaranta et al., 2015). After 1997, there were studies
of using LiDAR (Light identification and ranging)
technology in the forest management. The studies
were connected with the mean diameter at breast
height, stand structural complexity and identification
of tree species. Numerous studies showed that forest
inventory variables can be measured and registered
precisely using LIiDAR data (Treitz et al., 2012).

Using of LIDARtechnology in Latviabeganin 2007
when a group of the scientists from Latvia University
of Life Sciences and Technologies started researches
for the possibility of LIDAR data integration into forest
inventory and forest management planning. In the
year 2010 in cooperation with the company ‘Metrum’
the method for integration of LiDAR data into forest
management development started. The method itself
contains NIR (near infrared) pictures and LiDAR
data, according to this information the centers of the
sample trees, which are the part of micro forest stands
are defined. Based on this method a research about the
possibility of tree species recognition, using LiDAR
data was provided (Prieditis, 2013). Positive results
of the researches caused a necessity of broader study
in the field of LiDAR technology, trying to integrate
it in the estimation of growing stock in forests. One
of the topical problems in Latvia is the usage of the
forest inventory methods, based on estimation by

sight (Grinvalds, 2016). Generally, the same problem
was matched also in other countries. The main reasons
for this inaccuracy are the subjective estimation
of the evaluators as well as a number of measuring
points during the forest inventory. The estimation of
the mean height using LiDAR technology showed
already precise results, comparing the result of laser
scanning to the measurements in sample plots, but
the recognition of mean diameter at breast height is
still difficult because of a high tree density, which
can disturb the shooting of laser signal (Bedkowski,
Brach, & Banaszczak, 2011). Due to growing diversity
of forest stands structure, traditional yield tables are
getting unreliable for the forest inventory. However,
the traditional mensuration by using of yield tables
has lower costs, but is not deliberated for uneven-aged
forest stands. Airborne laser scanning (ALS) is a good
way for solution of uneven-aged forests” management
problem, collecting accurate characteristics of the
three dimensional structure of a forest in a short time,
deriving tree and stand characteristics (Kulla, Sackov,
& Juris, 2016). Although the majority of forest stands
in Latvia are even-aged structure, especially within
state owned forests, the technology can be used also
for the monocultures and even-aged mixed forest
stands, forecasting the growth of individual trees
and stands based on regular LIDAR measurements,
making the estimation of their economic value
(Tomppo et al., 2017).

The main objective of this research is to estimate
and compare the taxation data such as growing
stock, basal area, mean height and mean diameter at
breast height obtained from LiDAR CFlI with
inventory data based on the sight estimation and
growing stock volume additionally to harvester
production data.
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Materials and Methods
Study area

The areas were located in state-owned forests of
JSC ‘Latvian State forests’, in the northwestern part of
Latvia (Fig. 1). For the needs of research, 495 cutting
areas which contained the production files of harvester
were selected. Study contains information for the
cutting areas in the period from 2014 to 2017. Among
all areas coniferous trees, which were selected into
four groups dominated: Scotch pine (Pinus sylvestris
L.) monocultures, Norway spruce (Picea abies L.)
monocultures, Scotch pine and Norway spruce mixed
forest stands and Pine, Norway spruce and Silver
birch (Betula pendula Roth.) mixed forest stands.
LiDAR CFI technology

The method presents two types of data: LIDAR
and NIR (near infrared) photos. Basic data are
used for identifying sample trees and their specific
characteristics. The main aspect for tree identifying is
NIR photo, according to local maximums of spectrum.
All tree centers have a list of parameters based on
LiDAR and NIR data (Table 1)

Calculated set of parameters is a basis for a next
CFI data analysis. LIDAR data is saved in a ‘.las’
format. The LIiDAR data can be processed after
noise removal. For this aim, Gauss matrix was used.
According to this matrix, the highest points of trees
and distance to the terrain, registered as a tree height
are calculated. To make a tree model, it is necessary
to find LiDAR points that belong to a specific tree.
During the tree model creation the points within
a radius of 6 m from crown top were used. In case
when the points are under the top of tree, they belong
to a specific tree. For feasible tree identification NIR
data were used. Main impact factors for a quality of
NIR data are quality of aero photo and size of pixel.
Process of tree identification contains preparing and

processing of photo and promulgation of results. To
complete this task an aero photo is cut into smaller
photos, which have strict geographical binding. The
sizes of the photos were based on power of number
2. Using of Fourier transform fades in a texture and
makes a legible model of tree stand. As a result, there
is information based on LiDAR and photo data about
sample tree location and determination of micro forest
stands borders within the quarters. Creation of small
sized areas assumed the identification of tree species
and tree center location. Using a cluster algorithm,
micro forest stands are divided into the groups with
the similar inventory data description. Some of
inventory data such as an age of tree stand, type of
forest, sample plot data are imported to the system
for a better calibration of LiDAR data. The rest of
inventory data is calculated in following sequence,
using LiDAR and measured sample plot data: mean
height, tree species structure, growing stock, mean
diameter at breast height, basal area of forest stand
and separate species (Goodbody et al., 2017).
Sample plots

Allocation of sample plots is based on micro forest
stand areas. In the research, the sample plots were
analyzed, where the clear-cuts were planned. Total
number of sample plots increased to 495. Comparison
of field inventory data with LiDAR CFI contained
information about tree species, mean height, mean
diameter at breast height, basal area and growing
stock volume. Data sources were geographically
connected. Sample plots were located within one
micro forest stand and did not contain the trees from
neighbor areas.
Harvester production data

Data from harvester production (PRD) was saved
as ‘.prd’ files and is used for data calibration. Data
of clear-cuts was chosen, because for an analysis of

Table 1
Primary processing of LIDAR and NIR data
Group of data Name of parameter Description

NIR Position of sample tree center X

h,ei Texture indicators, defined in accepted radius
around a tree center

nir Value of NIR channel

LiDAR Position of sample tree center X
h Sample tree height
Slope Slope coefficient of crown top
z_avg, z_sigma Center indicators of foliage mass
evp, vp, vpa Dimension of tree crowns
ntc, ntr, vpa Neighboring tree interaction indicators
histogram Tree point vertical bar chart
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Figure 1. Allocation of sample plots with planned clear-cuts marked with the black points.

thinning cuts additional remote sensing control would
be necessary. Summarizing the information about
prepared assortments, calculation of species structure
and growing stock volume is possible. Calibration files
contained only the areas, which were within one plot
and did not contain the information from other plots
or considerable differences in inventory data. During
the research, production data was used for calibration
of growing stock algorithms. Primarily LiDAR and
NIR data were uploaded, which were used for an
identification of sample trees and their inventory data.
Additionally, ‘.prd’ files of harvester were uploaded.
Growing stock volume calibration was done in the
program R. After successful comparison of “.prd” and
remote sensing data, information integrated to areas,
where the result of tree species calculation was the
same for two methods.
Data processing

During the research, the LIDAR and PRD data were
processed. With the help of a statistics program R, a
regression analysis for growing stock volume, using
one factor and multi factor analysis was completed.
The results showed in the graphics, brought the
information about coefficient of determination.
Analysis of height and diameter at breast height
was calculated from LIiDAR CFI data completed in
Microsoft Excel program, using a regression analysis
with a confidence level of 95%.

Results and Discussion

Based on comparison with the field inventory
and PRD data, the results of growing stock volume
for LIDAR CFI demonstrated different correlation.
Previous methods allowed to compare a growing

stock volume calculated from the field data to PRD
production data. For the first time a vast use of LIDAR
CFI technology in the research has been done in Latvia.
The research compares data from 495 clear-cuts areas,
containing the information about both field inventory
data and PRD production data as well as LiDAR data.
Figure 2 demonstrates the result of comparison of on
field inventory based growing stock volume results to
PRD files.

The result shows that a determination coefficient is
low — R?=0.34 (p<0.01). Reason for weak correlation
is an inaccuracy in field data collection and calculation.
Provided by a person, results can contain a subjective
estimation of growing stock volume, making a
considerable difference to PRD data estimation.
Considerably better result demonstrated a comparison
of PRD and LiDAR CFI result given in Figure 3.

According to growing stock volume comparison,
obvious is a strong correlation of LIDAR CFI to PRD
data. Result is important for a forest management
planning, because of high precise growing volume
stock calculation using LIiDAR CFI methods.
Comparing field inventory data to LiDAR CFI and
PRD determination coefficients declared a value of
0.37 and 0.34 (p<0.01) correspondingly. The main
reason for a weak correlation are mistakes in the
field inventory because of subjective estimation
and random analysis of tree stands, using outdated
reduction coefficients for tree height based on mean
calculation data, ignoring a diversity of stem structure
(Sedliak, Sackov, & Kulla, 2017). LIDAR technology
completes the analysis of the whole stem, disturbing
aspects are only high density in the forest stand and
second storey, which does not allow to find a terrain.
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Figure 2. Comparison of field inventory data to PRD file growing stock volume data.
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Figure 3. Comparison of CFI data to PRD growing stock volume data.

Use of LiDAR technology in broadleaved forests can
be provided in one-storey stands with no foliation,
otherwise it is not possible to use the interpretation
algorithm processing the data (Sabol, Prochazka, &
Patocka, 2016). In case of our study in plots dominate
conifer tree species and second storey met singly, that
is why the results of LiDAR could be integrated to the
system easily, getting the precise data about growing
stock volume and tree height. Positive perspective of

an integration of LIDAR CFI technology demonstrates
also correlation with PRD production data — 0.83.
In practice it means that 83% of data variability is
described by the model. An average relative error
value of 10.7% brings a possibility to integrate the
results into the forest inventory system. Although
PRD data demonstrates the result from prepared
assortments, describing LIiDAR CFI as a reliable
method for forest owner to predict the incomes from
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the cuttings, it is still necessary to pay attention to
the inaccuracy in forest inventory data. Comparing
LiDAR CFI calculated data of height and diameter
at breast height to forest taxation data, the result of
height demonstrated better correlation than diameter.
The value of determination coefficient for mean height
linear model is R?=0.58 (p<0.01).

This result is the best of all comparisons between
LiDAR CFI data and taxation data. Main errors in this
case are the errors in taxation data acquisition and

mistakes in the identification of height in the second
storey using LIDAR CFI data. Comparison of LiDAR
CFI data diameter at breast height to forest inventory
breast height demonstrated a low determination
coefficient — R?=0.37 (Figure 6). Based on the data of
diameter at breast height, also basal area was calculated
and brought the result of R?=0.19. The reason is the
same as for other taxation data — incompleteness
in taxation data. Despite different determination
coefficient values, p-value in all comparisons is less
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Figure 6. Comparison of LIDAR CFI data to field inventory mean diameter at breast height data.

than 0.01, showing a considerable significance of the
factor. Reason is the comparison of the same taxation
data, but from different data sources.

For a thorough check of LIiDAR CFlI, calculated
data needed precise report data. The comparison with
forest field inventory demonstrates a low determination
coefficient showing disadvantages of current taxation
information. Solution of this problem is topical for
European researchers, who indicate on necessity to
continue the researches on a breast height distribution
in the forest stands with the different structures. These
researches should contain information about different
tree species and investigate the interrelations between
tree stand age, height, canopy density and diameter at
breast height. Successful researches in this area will
modify the forecasting model of assortments outcome
(Apostol et al., 2016).
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Abstract

The aim of the research is to find out changes in productivity depending on the diameter of the tree to be cut as well
as the most important factor influencing the reduction of productivity using small size forest machines in thinning in
Latvia. The equipment used in the study — both the harvester and the forwarder is Vimek. The results of the research
confirm the appropriateness of the exact technique in thinning if diameter of the harvested trees is 3 to 30 cm. The
average productivity of the harvester achieved with a harvester head Keto Forest Eco (option 2) in Norway spruce
stands with 8 cm weighted average tree reached 9.59 mé® h%, in deciduous tree stands with 9 cm weighted average was
10.17 m3 h, but in Scots pine stands with 12 cm average weighted tree diameter reached 10.19 m® h. By using the
Keto Forest Eco Harvester head according to the thinning productivity figures, no significant difference among the
tree species was detected. For the forest owner to predict the theoretical productivity of the harvester, it is possible to
apply the equation R = K + KD * D, that is statistically significant, R?=0.85. This equation is applicable to thinnings
when the diameter of thinned trees is between 4 and 25 cm. Forwarder’s average productivity in thinned stands is

8.63 m3 ht,

Key words: productivity, Vimek 404 T5 harvester, thinning.

Introduction

According to the data of the State Forest Register,
the forest occupies 51% from the territory of Latvia
(3.01 million ha), there are trends in increase of forest
area in future (Valsts meza dienests, 2017). Analysing
the possible work collateral for small size forest
machines, positive trends in the forest regeneration
are important, where in 2016 the total regenerated area
amounted to 38.6 thousand ha, state-owned forests
made up 42%, while other forest owners accounted
for 58%. The pre-commercial thinning in 2016 was
carried out in the area of 68.6 thousand hectares,
and the amount of the commercial thinning made
up 10.6 thousand hectares additionally (Valsts meza
dienests, 2017). Analysing the previous experience of
mechanised thinning, the potential total volume for
the small size forest machines is to 117.8 thousand.
ha, taking into account the previous experience of
mechanised thinning in the range of tree diameter
from 1 to 28 cm (Kaleja et al., 2017; Lazdin§, Zimelis,
& Spalva, 2015; Zimelis, Lazdins, & Spalva, 2017).

Vimek harvesters are among the smallest serially
harvesters available on the forestry machinery market
(Lazdin$ et al., 2016; Zimelis, Lazdins, & Spalva,
2017). Vimek technique is two times smaller than
medium-sized harvesters are (4.4 t versus 10 — 12
t). Working both in the private sector and in the
public sector, forest owners increasingly require
that the technique conforms the accounting system
STANFORD standard, what is provided by Vimek
(Arlinger & Méller,2010; Résénen, Sorsa, & Oy, 2010).
Due to its equipment, the theoretical possibilities of
using the technique are from the restoration of small
drainage ditches to the second commercial thinning. It
is possible to calculate the amount of the round wood

and wood biomass obtained in pre-commercial and
commercial thinning by using algorithms developed
for Latvia conditions (Jansons et al., 2017; Kenina
et al., 2018; Libiete et al., 2017; Liepin$, Lazdins, &
Liepins, 2017) to precisely predict additional revenue
from integrated forest management.

The aim of the research is to find out changes in
productivity depending on the diameter of the tree to
be cut as well as the most important factor influencing
the reduction of productivity using small size forest
machines in thinning in Latvia.

Materials and Methods

The small size forest machines — a harvester
Vimek 404 SE and forwarder Vimek 606 TTW were
used in this research. The research was carried out in
the territory of forest cooperative L.V. MezZs realising
thinning in 13 stands with a total area of 39.23 ha. One
forest machinery operator participated in the research.
For mechanised logging experiments Vimex 404 SE
with a harvester head Keto Forest Extreme (option
1) and Vimek 404 SE with a harvester head Keto
Forest Eco (option 2) were used. Shifting time for
the mechanised logging was 8 hours. Changes in the
labour productivity, depending on the tree species and
the tree diameter, are calculated based on the timing
in the field work. Damage to after-thinned stands is
determined according to the normative documents
of Latvia. The equations by I. Liepa have been used
for calculating the total volume of the forest stands,
where the calculation is carried out for each tree trunk
individually (Liepa, 1996).

During the working process working time
accounting is carried out with a specialized field
computer Allegro Il. The computer is equipped with
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Table 1

Working elements for time studies in field work

Working time category Wor:lljmgrgii?;ent Explanation
Information fields 1 Work cycle number

2 Diameter of processed tree, d1.3, cm

3 Number of processed trees per operation

4 Felled half trunks

5 Various notes, including brakes, travel, strip-road change etc.
Productive working 6 Reaching for tree with crane
time 7 Positioning of felling head

8 Cutting of tree

9 Delimbing and bucking

10 Delimbing times (show how many times a trunk was dragged through

delimbing knives)

11 Log moving and stacking

12 Undergrowth cutting

13 Time spent to drive into a stand

14 Time spent to leave a stand

15 Other non-standard operations, including machine maintenance
Unproductive time 16 Tie spent for activities not related to harvesting

the time study program SDI. Working time was split
into 10 work elements and other operations (Table 2).
Breaks and other activities that do not comply with
the table set-time elements were described in notes.
Time studies did not include preparatory work, which
takes about 1 hour a day, but the working time records
include lubricating of moving parts that is normally
carried out during the shift. Time tracks were recorded
in centiminutes (Imin = 100 centiminutes).

For data analysis from the total number of
observations (N=16879 pcs.) for further data processing
measurements that are missing any of the records were
excluded, for example, during the timekeeping, the
tree species or the diameter of trees is not recorded.
After the selection of data the number of observations
used for further processing was N=9985 pcs.

The timekeeping of the forwarder was carried
out according to a worked out and approbated
methodology for the forwarder timing (Lazdins et al.,
2016; Rozitis, Zimelis, & Lazdins 2017), Vimek 606
TTW was used in the study.

Results and Discussion

Characterization of the prepared tree volume is
given in Table 3. Logging is curried out with two
different harvester heads. The total logged area
with the first version is 20.01 ha, where the average
diameter of felled tree is from 5 to 13 cm, but with the

second version 19.22 ha. According to the database,
the average diameter of the tree is from 7 to 12 cm,
which in some cases does not correspond to the
measurements made in the forest stands.

Proportion of the number and volume of the
logged trees in the distribution of diameter for both
harvester heads is reflected in Figure 1. If small
size forest machines are used in forest thinning, it
is recommended that the operators of the machines
preserve small dimension trees. Analysing the data
obtained at the 5 cm diameter of the felled tree, the
potential productivity of the harvester is 1.72 m® h! +
0.23, in calculating the number of trees to be
processed, 125 trees are required for the preparation
of 1 m3. According to the calculations made in the
study, the average number of treated trees per hour
is 88 pcs, therefore, the economic justification of the
cutting of small diameter trees should be considered
(Lazdins et al., 2016). In spite of this, the diameter
of the felled trees is smaller than recommended. As
one of the most effective control mechanisms, there
is a possibility to use the log analysis file provided
by the harvester tracking system (Arlinger & Moller,
2010; Résénen, Sorsa, & Oy, 2010), such experience
is evident in other countries, however, just from the
time when thinning starts.

When analysing productivity indices by the type
of the harvester head, significant differences can
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Characteristics of the felled volume and tree dimensions

Table 2

Timber volume

Forest stand Harvester | Number of felled | Diameter of average of felled trees \Volume of average
No. trees, pcs felled tree, cm m? felled tree, m®
2 1 728 135 71.11 0.10
5 2486 6+3 60.53 0.02
6 3787 10+£5 290.02 0.08
7 3979 4+5 122.95 0.03
8 2 2660 12+4 222.30 0.08
9 975 11+4 85.47 0.09
10 80 10+£3 4.38 0.05
11 2105 9+3 115.06 0.05
13 409 T+4 17.90 0.04

Figure 1. The number of trees cut and the distribution of the stock

Figure 2. The number of trees cut and the distribution of the stock

of the Keto Forest Extreme harvester head.

of the Keto Forest Eco harvester head.
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Table 3
Summary of the labour productivity indicators
Tree Harvester | Diameter Number_ of Total nqmber Number of_trees cut Produc_tivity in
species No. group, ¢m observations | of treesintree | by productive hour, productlve_: hour,
(N), pcs group, % pcs. m? h?
Spruce 1 >=5 301 35.9 188 0.98
6-10 321 38.3 121 4.24
11-15 197 23.5 88 8.67
16-20 19 23 45 9.78
21-25 1 0.1 31 11.39
Average 95 7.01+43
2 >=5 45 34 146 151
6-10 539 40.7 123 4.25
11-15 456 344 82 8.91
16-20 243 18.4 58 11.88
21-25 39 29 33 13.21
25< 2 0.2 31 17.77
Average 79 9.59 + 6.0
Deciduous | 1 >=5 751 24.7 214 1.18
trees 6-10 1349 44.4 104 3.77
11-15 612 20.1 87 9.77
16-20 262 8.6 101 2221
21-25 59 1.9 68 27.30
25< 5 0.2 40 21.96
Average 102 14.36 +£10.9
2 >=5 261 16.4 129 1.23
6-10 871 54.6 111 3.93
11-15 376 23.6 81 8.81
16-20 73 4.6 43 9.32
21-25 10 0.6 34 13.46
25< 3 0.2 36 24.25
Average 72 10.17+8.1
Pine 1 >=5 231 19.6 236 1.14
6-10 500 425 85 2.22
11-15 250 21.2 56 4.44
16-20 152 12.9 50 8.47
21-25 40 3.4 42 12.62
25< 4 0.3 28 11.48
Average 83 6.73 £4.8
2 >=5 19 0.9 175 1.33
6-10 819 40.7 120 3.28
11-15 793 394 92 7.28
16-20 329 16.3 73 10.96
21-25 47 2.3 63 17.97
25< 6 0.3 48 20.29
Average 95 10.19 + 7.7
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Table 4

Descriptive statistics of the algorithm and coefficients

Regression summary R?=0.85
F=372>Significance F=2.82*102

Coefficients P-value
K -1.827090812 0.001
K, 0.700114608 0.000
: T
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Figure 3. Delimbing and bucking time with Vimek harvester.

be observed working with the second head. At the
moment, both harvester head models are available
on the market, and Keto Forest Eco could be the
most suitable for Latvia conditions, working with it
in coniferous forest stands could increase the labour
productivity by 14%. When thinning the spruce stands
the average productivity of the first harvester head
is 7.01 m® h, while the second one is 9.59 m?® h,
When thinning the deciduous stands with the first
harvester head it is 14.36 m® h, but with the second
10.17 m® h't, The productivity in pine stands with the
first harvester head is 6.73 m® h%, but with the second
one is 10.19 m® h'* (Table 4).

To optimize thinning productivity with a Vimek
harvester, it is possible to use linear regression
equation for the DBH range from 4 to 25 cm.

R=K+Kp*D @)

where:
K — coefficient;
K, — coefficient;
D — tree DBH, cm.

By using the obtained algorithm, it is possible to
predictthe productivity index m®h?, itcan be calculated
using the developed mathematical model and

coefficients (K=-1.827090812; KD=0.700114608).
When calculating the statistical data for productivity
per hour, coefficients are calculated and their
confidence interval is given in Table 5.

During the processing of statistical data, the
reliability of the established formula was initially
tested, which, according to calculations, is significant
(F> Significance F); the formula can be used to
predict the productivity thinning with the Vimek
harvester. The analysis of the coefficients used in
the formula: the use of K value 1.827090812 is
statistically based on the significance level (p=0.001),
the use of the K value 0.700114608 is statistically
based on the significance level (p=0.000). The use of
obtained conversion factors in practice is statistically
justified. In order to improve the reliability of the
formula, it is necessary to include an additional
indicator — branch diameter of the stem. From the
data collected, the dependence of the time consumed
on the treating of the tree depends on a tree diameter
(Figure 3).

Forwarder performance in thinning is 8.63 m® h?,
On average, one load was consumed in 18 minutes,
5 minutes for unloading, an average of 8 minutes for
moving around the felling site area, an efficiency of
0.88 for forwarding. The total damage to the remaining
trees is on average up to 3%, which does not exceed
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the quality requirements for the remaining trees in 3. The average productivity of a forwarder in
Latvia after the logging. thinning is 8.63 m? h'* in the cutting sites located at

the wood yard area with forwarding distance less

Conclusions and Recommendations than 100 m.

1.

Better productivity indicators for coniferous stands

are presented by Vimek harvester with Keto Forest ~ Acknowledgements

Eco harvester head, but for deciduous stands — The study was implemented within the scope of
Keto Forest Extreme harvester head. the Forest Sector Competence Centre of Latvia —
The main factor for the change in productivity at  Nr. 1.2.1.1/16/A/009 ‘Kompleksas meZsaimniecibas
the diameter of the trees over 25 cmis the diameter  pakalpojumu sistémas aprobacija’

of the branches.
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Abstract

The early stage of forestry is crucial for successful and sustainable forest management. One third of the reforested
forest in Latvia is regenerated by planting with different kinds of tree seedlings. The success of forest regeneration
by planting depends on correctly prepared soil and choice of the right seedling material. The aim of this study was to
evaluate the impact of different soil preparation methods and used type of seedlings on tree survival and growth rate
after the first growing season. For this study six young stand sites located in the north-west and central part of Latvia
were established in three forest types and in each site soil was prepared in furrows by disc trenching, in mound and left
untreated. Reforestation was conducted in the spring of 2017 with four tree species Picea abies, Pinus sylvestris, Alnus
glutinosa and Betula pendula and three seedling types were used, bare roots, containerized and improved root system.
The evaluation of survival and measure of annual increment was conducted at the end of the first growing season in
the autumn of 2017. Results showed that overall the highest seedling survival rate provided soil prepared in mound
(90%), and seedlings with improved root system, though the lowest survival rate was observed for bare root seedlings.
Containerized seedlings have a higher proportional increment if compared to bare root and improved root system
seedlings, but differences are not significant yet (p>0.05). In conclusion, the survival rate of outplanted seedlings
differs by chosen stocktype and soil preparation method used in forest regeneration and for various tree species

impact of chosen stock type on survival rate differs.

Key words: soil preparation, stocktype, seedling establishment.

Introduction

Latvia is located in the boreo-nemoral zone;
therefore, forests consist of coniferous and broad-
leave tree species (Hytterborn et al., 2005). All
together forests cover approximately 52% of Latvia.
There are three dominant tree species Scots pine
(Pinus sylvestris), Norway spruce (Picea abies)
and Silver Birch (Betula pendula Roth) that occupy
33.3%, 18.2%, 30.8%respectively, but black alder
(Ainus glutinosa) occupies 3.2% of forests in Latvia
(Valst meza dienests, 2018). The forest management
has intensified in the last 20 years (T€rauds, Brimelis,
& Nikodemus, 2011). That is one of the reasons why
successful early stage of reforestation is crucial for
cost-efficient and sustainable forest management.
Reforestation with planting is common practice in
forestry that developed in late 19th century and from
that time planting methods have been developing.
There are two main milestones that will determine the
success of reforestation. The chosen soil preparation
method and used stocktype (Sutton, 1993). In 1920’s
Latvian foresters concluded that in successful artificial
reforestation soil preparation is one of key elements,
that positively changes edaphic factors (Kundzins,
1939). The aim of soil preparation in forestry is
to achieve higher tree seedling establishment and
promote their growth and improve C — fixation.
Many studies show that mechanical soil preparation
methods improve the quality of forest regeneration
in boreal forests (Mjofors et al., 2017). There are
many soil preparation methods, but disc trenching is
the most widely used one in boreal forests (Henneb

et al., 2015) and in Latvia soil preparation in furrows
by disc trenching is also the most popular method
although also other methods are used with some
advantages in certain conditions, for example, spot
mounding has been used in Latvia state forests since
2013 (Lazdina, 2012).

Correctly prepared soil is important because
right after planting seedlings are exposed to new
environmental conditions that can be stressful for
them and chosen method can reduce stress factors. For
example, the root growth is essential for successful
seedling establishment, because roots provide water
for transpiration. Soil compaction, ion concentration,
water content, soil temperature, root system size
and distribution impact functionality of roots and
determines the survival of the seedling (Grossnickle,
2005). Seedling type with larger root volume can
increase survival rate in certain environmental
conditions (Haase & Rose, 1993). Soil preparation
also mixes organic humus layer with mineral soil and
exposure of mineral soil reduces seedling damage by
pine weevil (Nordlander et al., 2011). Created tilts,
mounds and furrows positively stabilize soil moisture
conditions by reducing free water content in over-
wet sites and raise moisture content at dry conditions
(Sutinen et al., 2006). Soil preparation methods can
change the C sequestration and N composition in
soil (Piirainen, Finér, & Starr, 2015), and the study
represents that soil preparation in furrows and ridges
promotes Ca*, Mg?, Al**. Fe** H+ leaching from
the upper B horizon compared to the untraded soil
(Piirainen et al., 2009) and reduces the concentration
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of F, Br. No? ions (Ring, Hogbom, & Jansson,
2013). Scientists have determined the pattern: if the
disturbance is higher than ion leaching is also higher
and potassium leaching reaches the highest point right
after the soil preparation (Piirainen et al., 2009). Soil
preparation changes microtopography that causes
favorable microclimatic conditions for decomposing
organisms, because of changed environmental
condition that are higher temperature, moisture,
oxygen content, favourable organic and mineral soil
mixture for microorganisms compared with untreated
soil. All these factors together increase biological
activity, including nitrogen releases happen faster in
for example disc trenched soil than in unprepared soil
(Lundmark-Thelin & Johansson, 1997) and the lack
of plant available nitrogen is one of the key factors
that determines plant growth (Orlander, Nilsson,
& Hallgren, 1996). Mounding especially increases
the soil temperature (Sutton, 1993), and increased
soil temperature promotes chemical processes and
root growth that stimulate nutrient and water uptake
(Mellander, Bishop, & Lundmark, 2004), in first years
after planting mounding better reduces competition
for water between ground vegetation and seedlings
than disc trenching in the result of reducing mortality
(Archibold, Action, & Ripley, 2000), reduce risk of
frost damage (Langvall, Nilsson, & Orlander, 2001).
Research carried out by Orlander, Nilsson, & Hallgren
(1996) showed that mounding does not increase
nitrogen leaching in the first year after clearcut.
Research done with Norway spruce and Scots pine
seedlings planted on mounds showed a positive effect
of this method in the increased survival rate and
successful establishment on moist clear-cut forest
sites (Mékitalo, 1999; Hallsby & Orlander, 2004),

and this soil preparation method has a lower negative
impact of the surrounding environment (Hallsby &
Orlander, 2004).

Although disc trenching is a more commonly
used technique, an area of soil prepared in spot
mounds increases in Latvia especially in Myrtilloso —
sphagnosa (Lazdina et al., 2015). Altogether the
seedling establishment and their vitality represent
environmental conditions like nutrient availability,
water content, temperature in different kind of
planting spots (Heiskanen, Saksa, & Luoranen, 2013),
but there could be one negative effect that scientists
have observed that in some cases healthier coniferous
seedlings are more browsed and intensity of browsing
correlates with the color of the needles (Bergquist,
Bergstrom, & Zakharenka, 2003).

Besides the right soil preparation method also the
right choice for stocktype is important. For example,
in comparison between bare-root and containerized
Scots pine seedlings, a significant higher survival
rate at the end of the first vegetation season showed
containerized seedlings (Klavina, Gaitnieks, &
Menkis, 2013).

The aim of this study was to evaluate the impact
of different soil preparation methods and used type
of seedlings on tree survival and growth rate after the
first growing season.

Materials and Methods

The study was conducted at six young stand sites
on mineral soils, which were combined into three pairs
depending on planting conditions and tree species and
seedling type composition (Table 1). Four of these
young stands are located in the north-west part of
Latvia, in the county of Dundaga. One pair of sites is

Table 1
Tree species and seedling type outplanted in three forest types
Species and seedlings Vacciniosa mel. Myrtilloso-sphagnosa Myrtillosa mel.
Spruce, bare roots - X x
Spruce, containerized - X x
Spruce, improved root system - X x
Birch, bare roots - X -
Birch, containerized - X x
Birch, improved root system - X x
Black alder, bare roots - - x
Black alder, containerized - X x
Black alder, improved root system - X X
Pine, containerized x X x
Pine, bare roots X X X

* (x variant that was represented in the forest type, — variant that was not represented in the forest type).
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drained (Vacciniosa mel. forest type) with total area of
3 ha (not all planted area used in this study) located
at 57.560735°N, 22.563554°E and 57.558883°N,
22.564405°E, whereas sites of the other pair are with
natural water regime (Myrtilloso-sphagnosa) with a
total areaof 3ha, located at 57.548045°N, 22.537190°E
and 57.546587°N, 22.540432°E. Last two young
stands are located in the central part of Latvia, in the
county of Ozolnieki. The soil in both sites are drained
(Myrtillosa mel.) with the total area of 2.8 ha, located
at 56.722162°N, 23.938307°E and 56.721674°N,
23.941383°E. Each study site was divided into three
parts according to what soil preparation method
was used and the same methods were applied in all
study sites. One part of forest land was prepared
with disc trenching, the second part with spot
mounding method and the third part between
both other methods was left unprepared. The soil
preparation was conducted in the autumn of 2016 and
all these study sites were reforested by planting in the
spring of 2017.

Data collection was conducted from September to
November 2017. Four study plots per seedling type
were established for data collection at every young
stand at mounds and furrows, whereas at unprepared
soil every tree was observed. Sampling plots at
mounds were randomly established with an area of
25 m? (r=2.82 m), and in furrows, the same size
sapling plots were established (10 m long and 2.5 m
wide). In furrows, sampling plots were distributed in
straight lines and the first sapling plot started 10 m

from the beginning of the furrow while the distance
between plots was 10 m. The total amount of sample
plots at mounds are 146 and 298 in furrows. Total
height and annual increment were measured for every
living tree in a sampling plot and all died back trees
were counted.

The survival rate for each seedling type in each
forest type was calculated by dividing count of died
back trees with a count of planted trees in sampling
plots. The seedling proportional increment was
calculated by dividing annual increment with total
height. Values were expressed as a percentage and for
both parameters standard error (SE) was calculated.
Mean values of a seedling proportional increment
within one tree species were analyzed by two-way
analysis of variance (ANOVA) and Tukey’s test.
Tests were done with a 95% confidence level and
calculations were done by R program for Statistical
Computing, Core Team (2017) version 3.4.1.

Results and Discussion

After the first growing season the highest overall
seedling survival rate was determined in soil prepared
in spot mounds (90.0 + 1.03%), in soil prepared by
disc trenching survived 86.8 + 0.83%, but in
unprepared soil 88.7 + 0.84% of all outplanted
seedlings and these results confirm previous studies
that planting on mounds increase planted tree survival
due to favorable nutrient availability and higher soil
temperature (Sutton, 1993; Mékitalo, 1999; Hallsby &
Orlander, 2004).

Table 2
Seedling survival rate (%) in three forest types depending on soil preparation method
Mpyrtilloso-sphagnosa mean + SE Myrtillosa mel. mean + SE
Species and seedlings

Dt M U Dt M U
Spruce, bare roots 925+294 | 946+3.71 | 91.5+3.08 | 93.5+2.22 | 94.8+3.53 100
Spruce, containerized 92.7+3.12 | 975+2.48 | 945+2.39 | 96.1+190 | 93.7+3.52 | 96.6 +3.27
Spruce, improved root 96.2 +2.17 100 96.0+1.96 | 99.0£0.85 | 95.7+2.94 100
system
Birch, bare roots 88.6+5.38 | 95.2+0.28 | 89.6+4.41 X X 80.7+7.72
Birch, containerized 944+273 | 97.4+253 | 923+0.84 | 83.6+352 | 81.8+6.71 | 95.2+234
Birch, improved root system | 97.2 +1.82 100 96.7+1.83 | 824+3.67 | 91.2+486 | 83.3+8.78
Black alder, bare roots X X X 758+7.42 | 842+836 | 87.5+11.7
Black alder, containerized 94.3+£2.77 100 947+256 | 93.8+4.28 | 94.7+3.62 | 92.0+5.42
Black alder, improved root 100 100 100 88.6 + 5.34 9 o
system
Pine, containerized 98.6 +1.31 100 93.6+277 | 84.1+4.03 | 93.8+3.42 | 955+252
Pine, bare roots 82 + 3.66 93.7+4.28 | 71.1+6.28 79.1+45 | 785+6.33 | 98.2+1.12

* (Dt - disc trenching, M — mounding, U — unprepared soil, x — variant that was not represented in the forest type).
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The seedling proportional mean increment in three forest types depending on

soil preparation method %

Table 3

. . Mpyrtilloso-sphagnosa mean + SE Myrtillosa mel. mean + SE

Species and seedlings

Dt M U Dt M U
Spruce, bare roots 1214073 | 1214074 | 17.16 £ 1.1 | 17.9+0.85° | 16,5+ 1.25¢ | 19.5 + 1.87¢
Spruce, containerized 23.9+0.9¢F | 23.1+1.48%" | 23.4+0.65% | 25.9+1.23° | 24.7 £1.30°" | 19.5 + 1.35b
fﬁgtﬁ IMproved root | o5 o\ g g7¢t | 205+ 087 | 18.8+0.70% | 15.7 +0.63* | 17.6 + 0.86% | 152 + 0.80%
Birch, bare roots 20.1+2.01% | 252 +1.04% | 20.0 + 1.00° x x 24.7 +2.91%
Birch, containerized 25.5+2.16%* | 30.1 +1.59% | 27.5+1.31% | 347 +1.33% | 39.7+2.58 | 22.6 +1.81*
Ey';tcehr;]'mpro"ed root 26.0+0.87% | 29.5+1.07% | 259+ 0.75% | 30.1+ 1.49% | 25.3 +1.93* | 32.8 + 2.05®
Black alder, bare roots X X x 453 +2.62F | 655+2.99% | 445+ 11.95f
Black alder, 19.6 +0.95% | 20.6 +1.24* | 18.8+0.67° | 27.0+ 1.39% | 30.9+3.93% | 40.7 +1.07'
containerized
Black alder, improved 27.0+1.55% | 29.3+1.71% | 23.8 + 0.89%¢ | 25.6 + 1.76> x x
root system
Pine, containerized 50.8 +1.37F | 45.6 +1.64°f | 38.7+1.31° | 43.2+1.71%% | 46.8 +1.38% | 48.5 + 1.69¢
Pine bare roots 31.2+1.14% [ 392+ 175 | 293+ 178 | 40.5+ 157 | 454+ 256 | 44.8 + 1.78

(Dt — disc trenching, M — mounding, U — unprepared soil, the different superscript letters represent a significant difference

between means within one tree species, by ANOVA and Tukey’s pairwise comparison test p<0.5. x — variant that was not

represented in the forest type)

The lowest survival rate was determined for pine
bare root seedlings in Vaccinosa mel. forest type,
respectively 19.6 + 5.55% in soil prepared in mounds
and only 12.97% =+ 3.32% in disc trenched soil and
in unprepared soil survived 13.63% * 3.72% of
planted trees, although survival rate of containerized
pine seedlings was significantly higher in this forest
type, respectively over 95% in both soil preparation
methods and in unprepared soil and also in two
other forest types scots pine bare root seedlings had
a lower survival rate than containerized seedlings
(Table 2). Other authors have obtained similar results
(Klavina, Gaitnieks, & Menkis, 2013). Disregarding
pine containerized seedlings, black alder bare root
seedlings in disc trenched soil had the lowest survival
rate. Right after outplanting seedlings must adapt to
new environmental conditions and overcome stress
factors and in volume larger seedling roots can
increase survival rate because of providing a sufficient
amount of water for transpiration (Haase & Rose,
1999; Grossnickle, 2005). Our study confirmed it as
overall highest first year survival was determined for
Norway spruce and black alder improved root system
seedlings (Table 2).

One of advantages of soil preparation in mounds
is reduced competitive vegetation compared to disc
trenching and unthreaded soil that not only improves
survival (Archibold, Action, & Ripley, 2000) but also
reduces the damage rate caused by agrotechnical

care because the planting spot on mounds is easier to
find. Overall, 8.4% and 5.2% of seedlings in furrows
and untraded soil were damaged compared to 1.4%
of damaged seedlings planted on mounds during
agrotechnical care.

After the first growing season, the highest
proportional increment was calculated for black
alder bare roots and pine seedlings (Table 3), except
in Vacciniosa mel. forest type, where pine bare
roots seedlings had a lower proportional increment
compared to containerized seedlings, respectively
19.4 + 2.32% against 46.5 + 0.78% in soil prepared
by disc trenching, 22.2 + 2.45% against 48.4 + 1.64%
in mounds, but in unprepared soil the difference
was lower: 329 + 3.78% against 52.3 + 0.78.
Other research studies show the same trend that
containerized scots pine seedlings have a higher
growth rate compared to bare root seedlings (Klavina,
Gaitnieks, & Menkis, 2013). The lowest annual
increment was observed and calculated for spruce
bare roots and improved root system seedlings,
and altogether there is a slight trend that bare root
and improved root system seedlings have a lower
proportional increment compared to containerized
seedlings in the first year after outplanting (Table 3).
Other researchers report similar results that in the
first years after outplanting containerized seedlings
have greater growth rate (Renou-Wilson, Keane, &
Farrell, 2008).
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One of the aims of soil preparation is to enhance
a tree growing rate, by providing appropriate
environmental conditions (Lof et al., 2012) and
evaluating the impact of soil preparation method on
seedling growth rate the birch and black alder trees
planted on mounds had a higher growth rate up to 65.5
+ 2.99% annual increment of total height for black
alder bare root seedlings. In the Myrtilloso-sphagnosa
forest type seedlings planted in unprepared soil had a
lower growth rate than those planted on mounds and
in furrows, except spruce containerized trees, who
produced a similar growth rate in all soil preparation
variants (Table 3).

Conclusions
The survival rate of outplanted seedlings differ by
a chosen stocktype and soil preparation method from

lower than 20% survived scots pine bare root seedlings
and reaching up to 100% survival rate of spruce, black
alder seedlings planted on mounds and altogether soil
preparation tend to increase a planted tree survival.

After seedling outplanting from a nursery in the
forest land containerized seedling have a higher mean
proportional increment (35.9 + 0.42%) compared to
other stocktype (26.6 + 0.61% for bare roots and 23.1
+ 0.31% improved root system (p<0.05)).

Soil preparation method also impacts the damage
rate caused by agrotechnical care from 1.4% on
mounds to 8.4% damaged trees in furrows made by
disc trenching.
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Abstract

Browsing damages are becoming more common due to almost doubling of population densities of cervids in Latvia
during last 20 years; however, the figures are still lower than those observed in western and northern European
countries. Consequently, the frequency of damages in young stands is increasing, too. Protection against browsing
becomes more difficult, as the trees grow older, also the bark-stripping may result in a long-term deterioration of
stem quality. Therefore, the aim of the study was to assess the factors affecting bark striping damages in pole-stage
Norway spruce stands. Data were collected in 4 sample plots in damaged Norway spruce stands in western Latvia,
measuring the tree parameters: height, diameter, branch characteristics and damage parameters: size, proportion from
the stem circumference. Results of the modeling reveal that both damage parameters were significantly influenced by
the branch length and thickness in the whorl closest to the breast height and the size of damages — also by breast height
diameter of the tree. It suggests that increasing productivity of trees would not reduce the browsing problem. Since
the silvicultural goal is the reduction of the size of branches, especially in bottom-log of the stem, protection against

bark-stripping needs to be developed and cervid population densities controlled to reduce the problem.
Key words: browsing damages, bark striping, branching traits, stem value.

Introduction

Norway spruce is susceptible to fires, wind
storms and bark beetles — factors, causing most of
the carbon loss (reducing sequestration) in European
forests (Kénina et al., 2018; Seidl et al., 2014).
Fires are affected by the movement of weather
systems (Kitenberga et al., 2018) that are formed at
a large distance from the Baltic states. They affect the
climatic indices, for example, drought (that can be also
described by potential evapotranspiration) and they, in
turn, are linked to the flammability of the material in
forest floor (litter) affecting the probability of forest
fore to occur, if ignition source is present. Ignition
nowadays is usually caused by human activity (or
in-action), rather than natural factors, like lightening
(Donis et al., 2017). Once the fire has started, the
efficiency of fire protection system determines its size
—no correlation between it and climatic variables had
been noted (Donis et al., 2017). Norway spruce with
the thin bark and shallow root system is easily killed
in a forest fire. A shallow root system is also the reason
this tree species is often affected in wind storms. They
cause sizable losses for forest owners; therefore, after
most of the largest storms suggestions to replace
Norway spruce with other tree species occur. Due to its
wood quality and fast growth, feasible alternatives are
hard to find though. One of such alternatives could be
a hybrid aspen, but it is also notably affected by biotic
as well as abiotic factors (Zeps et al., 2017; Senhofa
et al., 2017; Senhofa et al., 2016a). Establishment of
mixed stands is also suggested to increase resilience
(Lindner et al., 2008) as well as use of wider spacing
in regeneration. Wider spacing may have a positive
effect on radial increment (Katrevics et al., 2018) also
ensuring the potential to reduce the length of rotation

period while applying the cutting by a target diameter.
However, it might be couples with lower external
and internal (Jansons et al., 2017a) branch quality of
trees. Spruces, affected by abiotic factors, like wind
storms or drought (Zeltins et al., 2016; 2018) are more
prone to damages by biotic factors, primarily — fungus
(Neimane et al., 2018; Burpévica et al., 2016; Jansons
etal., 2016; Arhipova et al., 2015) and dendrophagous
insects. Climatic conditions for bark beetles has
been improving — more than one generation per
year for this insect is becoming increasingly more
common (Smits, personal communication). Ongoing
changes in climatic conditions may have a positive
effect also on the tree growth — as suggested by the
dendrochronological analysis (Jansons et al., 2013a;
2013b; 2015a; 2015b; Sénhofa et al., 2018; 2016b)
and global predictions. Additionally, increment of
Norway spruce as well as for other tree species is at
least partly genetically determined (Jansons, 2005;
Jansons et al., 2006); it can be significantly increased
while applying selected plant material (mainly — seed
orchard progenies). Financial efficiency of breeding
of numerous tree species is high (Jansons, Gailis, &
Donis, 2011; Gailis & Jansons, 2010; Jansons et al.,
2015c); however, it is notably dependent on use of the
area regenerated by the material from the breeding
programs annually. This, in turn, is affected by the
regeneration costs for the forest owner (Dzerina et
al., 2016), including costs of supplemental planting,
linked to browsing (Lazdins, Lazdina, & Liepa, 2010).
Browsing is an increasing problem both in state and
private forests, as suggested by the results of the
monitoring of browsing damages, carried out by
LSFRI Silava. Data of state forest service suggest
almost doubling of population densities of cervids in
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Figure 1. Histogram of diameter distribution in the evaluated Norway spruce stands.

Latvia during last 20 years; however, the figures are
still lower than those observed in primarily western
European countries, suggesting that the trend might
continue. Repellents and their application is additional
costs for the forest owners. Bark striping may reduce
survival of trees in plantation as well as reduce
the stem quality, causing crookedness and wood
discoloration and/or decay. The repellents against
this type of damages so far had not been well worked
out. Advanced regeneration of Norway spruce, being
one of the mechanism of regeneration of this tree
species also in larger-scale openings created e.g. by
storm (Baders et al., 2017a; Jogiste et al., 2017) or
clearcutting, might be less affected by browsing, but
the bark of trees at the pole-stage stands are similar
of that of planted trees, thus may not provide any
protection against barks striping. The impact of this
damage may accumulate over time, since: a) research
suggests that some individual trees are preferred by
cervids and might be browsed from year to year; 2)
healing of damages takes time (Baders et al., 2017b)
and additional damages might be caused. Limited
information is available on the impact of browsing
damages on increment of the trees older than 20 years.
To better understand the situation in the affected stands
and thus set the stage for further research, the aim
of the study was to assess the factors affecting bark
striping damages in pole-stage Norway spruce stands.
Tree-level factors were the subject of this study.

Materials and Methods
Data were collected in 4 sample plots (are 400 m?)
in damaged pure Norway spruce stands at the age of
45 years in Hylocomiosa forest type western Latvia,
affected by browsing c.a. 15 years ago. The measured
parameters for every tree were:
1) diameter at breast height (1.3 m), cm (Dcm)
2) height, m (Hm)
3) height of first living branch, m (HZZm)
4) height of first dry branch, m (HSZm)
5) mean diameter of the branch in whorl closest to
breast height (ZD1 3)
6) mean length of the branch in whorl closest to
breast height (ZG1 _3)

7) number of branches in first 2 m of the stem
(Zsk)

The whorl closes to breast height and the first two-
meter section had been chosen, since it is the part of
the stem affected by bark striping.

Area without bark (largest continuous damage)
and its portion from circumference of the stem in most
affected height was estimated.

The current distribution of stem diameters is as
shown in Figure 1.

ANOVA analysis was used to assess significant
differencesbetweensampleplots. Toassesscorrelations
between factors we used Pearson correlation. The
generalized linear mixed-effects model, with Poisson
distribution was used to assess relationships between
damage severity and tree characteristics. The sample
plot was included in model as random factor. We used
backward variable selection. The final model selection
was based on the lowest AIC values. All calculations
were done in R (R Development Core Team 2016)
using packages “Ime4” (Bates et al., 2015) and “Itm”
(Rizopoulos, 2006).

Results and Discussion

The mean diameter of spruce was 18.1 cm and the
stands were rather dense, with a good survival. The
number of damaged trees varied from 37 in the sample
plot 2 to 63 in the sample plot 1, while the percentage
of damaged trees varied from 42.5% in the sample plot
2 to 66.3% in the sample plot 1 (Table 1). Significant
differences in the number of damaged trees (p<0.05)
(Fig.2 C) were found only between the sample plot 1
and the sample plot 2.

The mean height of the first live branch was 12.7m,
significant differences were found between the sample
plot 4 and sample plot 1, as well as the plot 4 and plot 3
(P<0.05). The mean highest live branch was observed
in the plot 4 (13.7m); however, the lowest one was in
the plot 1 (11.8m). The mean height of spruce trees
was 19.2 m, no significant differences between sample
plots were observed (Fig. 2B). Also, no significant
differences between sample plots for other measured
variables were found. The mean height of the first
dry branch was 0.32 m, the mean diameter of whorl
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Level of browsing damages in the plots

Table 1

Plot No Number of trees Number of damaged trees Proportion of damaged trees %
1 95 63 66.3
2 87 37 425
3 93 57 61.3
4 111 53 47.7

Table 2
Pearson correlation (upper diagonal part shows coefficients, lower diagonal part shows their p-values)
calculated between different analysed factors

Dcm Hm HZZm HSZm ZD1 3 ZG1 3 ZSk
Dcm folalolalal 0.808 0.264 -0.105 0.405 0.274 -0.052
Hm <0.001 falaleialad 0.622 -0.086 0.309 0.167 -0.098
HZZm <0.001 <0.001 folaialelel -0.123 0.121 -0.027 -0.011
HSZm 0.078 0.148 0.039 folalokalad -0.154 -0.184 -0.37
ZD1_3 <0.001 <0.001 0.039 0.009 FAA 0.609 0.243
ZG1 3 <0.001 0.004 0.642 0.002 <0.001 folalalea 0.342
ZSk 0.376 0.096 0.851 <0.001 <0.001 <0.001 lalalale

Dcm — diameter, cm; Hm — height, m; HZZm — height of the first living branch; HSZm — height of the first dry branch;
ZD1_3 - mean diameter of the branch in the whorl closest to the breast height; ZG1_3 — mean length of the branch in the
whortl closest to the breast height; Zsk — the number of branches in the first 2m of the stem.

Figure 2. Descriptive of sample plots, A — mean height, B — mean diameter (cm), C — damaged trees (%).

Height,m

30

20

Ciameter,.cm

10

a0
&0
40
20

Damaged, %

Plots

— — —
1 1 : 1
1 1 1
1 1 1 1
R 1 I 1
e P 1 L
B 1
k e A
B
o
—
: 1 _ -t
1 1
1
1 | |
| ; J !
T
| : ] |
I T
L 4 A
-
B : o
: o | B
I B J
1 1
1
1 T : |
| 1
I I | |

RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1

61



Iveta Desaine, Endijs Baders, Juris Katrevics,
Janis Smilga, Janis Jansons

CHARACTERISTIC OF BROWSING
DAMAGES IN NORWAY SPRUCE STANDS

Table 4
Models characterizing factors affecting bark striping damages
Parameter Variance of Variables Estimate std. error p-value
random factor

Largest continuous Intercept 0.77 0.16 p<0.0001
damaged area 0.011 DCm 0.035 0.006 p<0.0001

ZG1_3 -0.63 0.177 p<0.0003
Proportion of damage Intercept 3.74 0.103 p<0.0001
from the circumference of 0.033
the stem ZD1 3 -0.08 0.004 p<0.0001

D cm — diameter, cm; ZD1_3 — mean diameter of whorl branches at breast height.

branches at the breast height was 10.4 mm, the mean
length of whorl branches at the breast height was
0.54 m and the mean number of branches until height
of 2 m was 28 branches.

Significant correlations were found between
many predictors (Table 2) that were considered,
while constructing the model. The strongest positive
correlations were found between diameter and
height (P=0.8, p<0.01), height and height of the
first live branch (P=0.6, p<0.001), mean diameter
of whorl branches at the breast height and the mean
length of whorl branches at the breast height (P=0.6,
p<001).

GLMER analysis showed that the maximal
proportion of damage from the circumference of the
stem (%) was significantly negatively affected by the
mean diameter of the branch in the whorl closest to
the breast height (p<0.001). The causal link
presumably being that ticker branches minimize the
probability that the animal will have access to all sides
of the tree — thus, if browsing occurs, then only on the
limited part of the stem.

The largest continuous area of bark stripping
was significantly positively affected by tree diameter
(p<0.001) while, the mean length of the branch in the
whorl closest to the breast height had a significant
negative influence. The breast height diameter might
have a double influence on the area of damages —
of the diameter is larger, there is more space for
bark stripping; and if the tree is larger (presumably
— faster growing) the bark stripping can start a few
years earlier. To distinguish between these factors,
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increment cores shall be collected and analysed, but
this was not part of this study.

The mean length of the branch in the whorl closest
to the breast height might have a similar influence as
the branch diameter, preventing the accessibility to
the stem. In both cases, the factors actually having a
negative influence on browsing are with the negative
silvucultural influence — the main interest of the forest
owner is to heave the highest quality of the bottom log
of the tree (the largest portion from the stem volume) to
sell it for the highest price. Thus, both in tree breeding
and precommercial thinnigs trees with the largest
branches are excluded. Our results indicated, that this
may lead to even higher impact of bark stripping.

Conclusions

1. Assessment of Norway spruce stands, where
half (on average 54%) of the trees had browsing
damages reveal that both the size (area) and
proportion of the damage from the circumference
of the stem were affected by branch parameters at
the height of the damages.

2. Continuous improvement of branch quality and
reduction of browsing damages is possible only
with the use of repellents.
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Abstract

Norway spruce (Picea abies (L.) Karst.) is economically important tree species, vulnerable to impact of different
biotoc (cervids, bark beetle etc.) and abiotic (wind, wet snow etc.) factors and their combinations, expected to increase
in frequency and/or magnitude in future due to climate changes. The aim of the study was to characterize occurrence
damages in Norway spruce stands in Latvia. Data from 635 National forest inventory sample plots were used in the
analysis, thus providing the information primarily on the non-lethal damages, since the dead trees in most of the cases
would be removed from the stands in sanitary cuts. Damages were reported for 11.6 + 1.1% of spruces from total
basal area of spruces in the assessed pure and mixed stands. Admixture of other tree species or soil (group of forest
types) had no significant effect on the proportion of damaged spruces. Also, no statistically significant differences
in dimensions were observed between damaged and undamaged trees. The major cause of damages was browsing
(three quarter of damaged spruces, in contrast to only one-quarter of the rest of the trees) and the highest proportion of
damaged spruces were in stands in the age group 41 — 80 years, significantly differing from that in younger (up to 20
years) stands, demonstrating both the preferences of cervids to a certain dimensions of spruce as well as accumulation

of damages over time.

Key words: browsing damages, wind damages, admixture,

Introduction

Increase of the increment of Norway spruce
(Picea abies (L.) Karst.) has been found in different
countries, explained both by climate change (Pretzsch
et al., 2014) as well as improved silvicultural practice.
For example, Jansons et al. (2016a) found a rather
long-lasting positive influence of initial fertilization
to growth (radial increment) of Norway spruce.
Nevertheless, following changes in climate might
have unclear influence on trees both due to primary
factors — limits of phenotypic plasticity to adapt in so
rapidly changing climatic conditions (Schmidt-Vogt
1977) — as well as secondary factors, for example,
improved conditions for spruce bark beetle, thus higher
pressure to Norway spruce stands. Currently the major
factors - climatic factors affecting the growth of trees
had been analyzed and compared between tree species
both in Latvia (Jansons et al., 2016b) and elsewhere.
However, the influence of specific climatic factors may
shift over time (Jansons et al., 2015b) due to climatic
changes and such shifts are unpredictable without the
specific studies. Also, the damages currently observed
very seldom may appear in future climatic conditions
e.g. drought crack (Zeltins et al., 2016). Such damages
might be linked to the growth of trees, however, their
impact at least to some extent might be modified by
selection of the right (most appropriate) genotypes.
Finding productive and robust provenances for a
particular area is in the aims of genetic adaptation of
forestry to climatic changes (Keskitalo et al., 2016;
Rieksts-Riekstins et al., 2014). Tree breeding has
been long practiced for different species (Jansons,

mixed stands.

Gailis, Donis, 2011), including Norway spruce, and
the potential impact of climatic changes is considered
in current tree breeding programs to an extent possible
to still retain the activity financially viable (Jansons
et al., 2015a). Assessment of genotype x environment
interaction (its scale, impact) is a key element in
this approach (Jansons, 2008). Even so the Norway
spruce regenerates surprisingly well also naturally not
only in gaps, but also in larger-scale openings created
e.g. by storm (Baders et al., 2017a) or clear cutting,
and is capable of dominating the areas to a large
extent after a longer period of time (c.a. 40 years), still
it is mainly planted. Frequent planting with Norway
spruce, predominately by the plants grown from
seed orchard seeds, suggests a possibility to enhance
adaptability via tree improvement, and thus limit
the potential risks for investments (Haapanen et al.,
2015; Dzerina et al., 2016). Overall, the genetic gain
of around 10% for volume increment by selecting a
seed source can be achieved (Jansson et al., 2013)
increasing the above-ground biomass (Libiete-Zalite
& Jansons, 2011; Libiete et al., 2017). Considering
the above-mentioned, adding a transferred seed
lots can be a tool to enhance adaptability (Lindner
et al., 2008).

Major factors causing damages in forests across
Europe are fires, wind storms and bark beetles. Their
impact is expected to increase in future (Seidl et al.,
2014). It may affect the tree species composition as
well as cause notable economic losses. Norway spruce
is vulnerable to all of these factors. Occurrence and
severity of forest fires are affected by movements of
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large air masses (Kitenberga et al., 2018) influenced
by climatic changes. The major impact of drought
conditions during summer on the occurrence of fires
has been detected, but also other climatic variables have
some influence. The actual cause of the fires currently
can be linked to human activity, in the same way as the
size of the fires (Donis et al., 2017). Wind-storms have
become increasingly more common during recent
decades, causing significant damages for forestry as
well as other sectors. Norway spruce has a shallow
root system and therefore is not very wind-resistant,
thus the ways to increase stability of the stands
(for example, via different spacing, minimization
of other damages e.g. root rot, different thinning
regime) have been suggested. Bark beetle is often a
secondary factor, affecting the spruces that have not
been broken or uprooted by wind, but only damaged
to some extent (weakened). Also, the conditions

of this dendrophagous insect have been improving
e.g. the years, when it can form more than one
generation per year have become increasingly
more common (Smits, personal communication).
During the peak of its population density, it may
affect also rather healthy spruce stands. Additionally,
browsing damages may be an important factor
affecting spruces. State forest service data suggests
that population densities of cervids have almost
doubled from the mid 1990" until now. Also, the
monitoring of browsing damages demonstrates that the
problem is significant. Browsing damage may cause
a rot of the stem, deteriorating its economic value
and potentially reducing the risk of wind damages.
In order to understand the relative importance of the
above-mentioned problem, the aim of the study was
to characterize occurrence damages in Norway spruce
stands in Latvia.

Table 1
MSI sample plots stands characteristics
Mixed stands Pure stands
Soil Parameter
A, years D, cm H, m G, m2hal | A, years D, cm H,m | G, m?hat

Mean 62.3 25.4 22.0 27.9 47.3 20.6 18.1 23.2
Dry StdDev 24.3 7.6 5.6 10.2 26.9 10.1 7.5 11.7
Mineral Min 13 4.2 3.8 4.0 10 2.2 2.7 0.4
Soil Max 117 45.0 31.6 52.4 163 64.8 36.3 58.0

Count 125 125 125 125 169 169 169 169

Mean 67.5 24.6 20.7 26.9 42.0 16.9 15.2 20.8
Wet StdDev 29.9 7.0 4.8 9.2 22.9 7.1 5.9 115
Mineral Min 13 4.0 3.6 1.3 12 33 29 0.3
Soil Max 171 40.2 317 44.6 170 47.8 28.6 44.7

Count 114 114 114 114 147 147 147 147

Mean 66.0 235 20.7 28.0 44.3 18.5 15.9 21.6

StdDev 23.8 6.1 4.6 7.6 25.9 8.8 6.3 104
Peat Soil Min 19 7.4 9.1 111 20 4.5 4.7 2.1

Max 126 35.3 27.8 40.9 158 37.0 27.3 40.7

Count 36 36 36 36 44 44 44 44
A - stand age, D — diameter at breast height, H — height, G — basel area.

~, ¥ M.
= ,{ Y it .
ey, e 2

Figure 1. Distribution of sampling plots in the territory of Latvia.
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Materials and Methods

Data from 635 sample plots of National Forest
Inventory (NFI) (obtained in the years 2004 — 2009)
sampling network (evenly distributed across the
territory of Latvia (Fig. 1)) with spruce as dominant
species in the first layer were analysed. Sample plots
were not divided into distinct sectors suggesting that
each sample plot was located within one stand. Pure
stands (PS) were defined as stands, where at least
75% of the first layer trees were spruce; remaining
stands where classified as mixed (MS). In total, 360
and 275 PS and MS were distinguished, respectively.
In all stands the proportion of species was calculated
according to the volume. However, the total count of
trees was used for stands where the height or mean
guadratic DBH of trees with mean quadratic DBH was
below 12 m and 10 cm, respectively. According to soil
types, PS were subdivided into another three distinct
groups such as PS on dry mineral soils (DM), PS on
waterlogged mineral soils (WM) and PS on peat soils
(PT). The distribution of sample plots is representative
(Table 1) allowing appropriate analysis of damages in
spruce stands in Latvia.

Stands were divided into seven age groups with
a step of 20 years (1-20; 21-40; 41-60; 61-80; 81-
100; 101-120; above 121) to analyse the effect of
age on the proportion of damaged trees. According to
methodology of the NFI, damages were distinguished
in distinct groups in respect to cause — 1 (wind tipping,
wind breakage, snow breakage, snow bend), 2 (water
logging), 3 (animal damage), 4 (fire), 5 (diseases), 6
(pests) and 7 (other). According to methodology of the
NFI, damages found for live trees only were evaluated.
Therefore, the potential cause of decline of dead trees
found in sample plots was not determined. Damages
from groups 1, 3 and 7 were analysed separately

from the rest since the types of damages from other
groups were notably less frequent in PS. However, to
characterise the general resilience of forest stands, all
types of damages were analysed together (Table 2).
Data were prepared in MS Excel prior the analysis
with SPSS for Windows with tools of linear mixed
models.

Results and Discussion

Results show 10.4% damaged trees in total and
11.6% from all spruces. One third of all damaged trees
had animal damages; however, this cause of damage
for spruce was found for three quarters (Table 2).

In the stand level of PS, the mean proportion and
mean basal area of damaged trees is 10.0 + 1.0% and
10.4 £ 1.0%, respectively. Nevertheless, for spruces
these parameters reach 11.3 + 1.2% and 11.6 + 1.1%,
respectively. No statistically significant differences
were found between the proportion of total count
and basal area suggesting similar dimensions of both.
Also, tree DBH/height ratio between damaged and
undamaged trees did not differ significantly (Table 3).
Considering that, only basal area was used in further
analysis to characterize damages in PS.

Estimated marginal means of basal area in MS and
PS is 9.0 + 1.3% and 9.4 £ 1.4%, respectively, from
total basal area (Table 4). However, estimated marginal
means of basal area of damaged spruces calculated
from the total basal area of spruces is 10.4 + 1.5%
and 10.4 £ 1.5% in MS and PS, respectively. In DM
the highest proportion of estimated marginal means
of basal area of both all damaged trees (10.9 + 1.0%)
and damaged spruces (11.5 + 1.2%) was observed.
Lower values of this parameter were observed in WM
(8.4 £ 1.2% and 8.9 + 1.4%, respectively) and PT
(8.4 £ 2.3% and 9.4 + 2.8%, respectively).

Table 2
The count of trees according to the type of damages
All species Spruce
e e B I I A

Undamaged 17164 89.6 - 13162 88.4 -

Wind and Snow 175 0.9 8.8 132 0.9 7.7
Water logging 2 0.0 0.1 2 0.0 0.1
Animals 1324 6.9 66.5 1288 8.7 74.8
Fire 3 0.0 0.2 0 0.0 0.0
Diseases 93 0.5 4.7 30 0.2 1.7
Pests 78 0.4 3.9 57 0.4 3.3
Other 316 1.6 15.9 213 14 124
Damage Total 1991 104 100.0 1722 11.6 100.0
Grand Total 19155 100.0 - 14884 100.0 -
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Table 3
Differences in DBH and height between damaged and undamaged trees in PS
. Confidence Countif
Species | Tree parameter Damages Mean StdDev 4=0.05 Count >1.00
All Diameter All 1.014 0.343 0.031 469 232
Wind and Snow 0.909 0.418 0.080 104 38
Animals 0.980 0.304 0.032 349 164
Forestry 1.015 0.432 0.061 190 81
Height All 0.996 0.229 0.021 469 245
Wind and Snow 0.926 0.289 0.056 104 49
Animals 0.973 0.214 0.022 349 172
Forestry 1.010 0.302 0.043 190 97
Spruce Diameter All 1.010 0.329 0.031 438 225
Wind and Snow 1.001 0.474 0.102 83 38
Animals 0.990 0.297 0.032 340 163
Forestry 0.987 0.372 0.061 143 61
Height All 1.005 0.247 0.023 438 238
Wind and Snow 0.960 0.292 0.063 83 44
Animals 0.978 0.210 0.022 340 170
Forestry 0.974 0.295 0.048 143 72
Table 4
Estimated Marginal Means
All damages Wind and Snow Animals Other
Species Variable Mean Std. Mean std. Mean std. Mean | Std. Error
Error Error Error

All Total 0.092 0.010 0.008 0.003 0.008 0.000 0.020 0.004
species DryMinSoils | 0.109 0.010 0.007 0.004 0.059 0.008 0.020 0.004
PeatSoils 0.084 0.023 0.006 0.008 0.046 0.018 0.019 0.009
WetMinSoils | 0.084 0.012 0.011 0.004 0.039 0.009 0.020 0.005
Mixed 0.090 0.013 0.010 0.004 0.041 0.010 0.018 0.005
Pure 0.094 0.014 0.006 0.005 0.054 0.011 0.021 0.005
AgeGroupl 0.013 0.032 0.000 0.011 0.013 0.025 0.000 0.012
AgeGroup2 0.074 0.011 0.008 0.004 0.047 0.009 0.011 0.004
AgeGroup3 0.148 0.013 0.013 0.004 0.098 0.010 0.020 0.005
AgeGroup4 0.131 0.013 0.005 0.004 0.084 0.010 0.026 0.005
AgeGroup5 0.112 0.025 0.021 0.008 0.033 0.019 0.033 0.009
AgeGroupb 0.091 0.033 0.009 0.011 0.036 0.026 0.010 0.012
AgeGroup7 0.070 0.039 0.000 0.013 0.018 0.031 0.042 0.015
Spruce Total 0.099 0.011 0.009 0.004 0.060 0.009 0.019 0.004
DryMinSoils | 0.115 0.012 0.009 0.004 0.068 0.010 0.020 0.005
PeatSoils 0.094 0.028 0.007 0.010 0.063 0.023 0.018 0.010
WetMinSoils | 0.089 0.014 0.012 0.005 0.050 0.012 0.018 0.005
Mixed 0.104 0.015 0.014 0.005 0.059 0.013 0.018 0.006
Pure 0.094 0.017 0.005 0.006 0.061 0.014 0.019 0.006
AgeGroupl 0.001 0.039 0.000 0.014 0.001 0.032 0.000 0.014
AgeGroup?2 0.081 0.013 0.010 0.005 0.060 0.011 0.010 0.005
Spruce AgeGroup3 0.173 0.015 0.014 0.005 0.127 0.013 0.020 0.006
AgeGroup4 0.148 0.016 0.006 0.006 0.112 0.013 0.023 0.006
AgeGroup5 0.125 0.029 0.023 0.010 0.048 0.024 0.030 0.011
AgeGroup6 0.084 0.039 0.010 0.014 0.047 0.032 0.007 0.014
AgeGroup? 0.077 0.046 0.000 0.016 0.019 0.038 0.046 0.017

68

RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1



CHARACTERISTICS OF DAMAGES
IN NORWAY SPRUCE STANDS

Guntars gr,lepsts, Zane Bigaca, Iveta Desaine,
Jurgis Jansons, Janis Donis, Karlis Strélnieks,
Andis Adamovics, Oskars Kri§ans

Table 5
Type III Tests of Fixed Effects
All species Spruce
Damages Source Nume- Denomi- F Sig Nume- Denomi- F Sig
rator df nator df ' rator df nator df '
All Intercept 1 594 85.818 | 0.000 1 594 70.148 | 0.000
Soil 2 594 0.471 | 0.625 2 594 0.287 | 0.750
Stand 1 594 0.220 | 0.639 1 594 0.020 | 0.888
Age 6 594 5.368 | 0.000 6 594 5.961 | 0.000
Soil*Stand 2 594 0.321 | 0.725 2 594 1.490 | 0.226
Soil*Age 12 594 0.714 | 0.738 12 594 0.998 | 0.449
Stand*Age 6 594 1.243 | 0.283 6 594 0.616 | 0.718
Soil*Stand*Age 11 594 0.752 | 0.689 11 594 0.626 | 0.807
Wind and | Intercept 1 594 6.052 | 0.014 1 594 5.071 | 0.025
Snow Soil 2 594 0.238 | 0.788 2 594 0.199 | 0.820
Stand 1 594 0.394 | 0.531 1 594 0.971 | 0.325
Age 6 594 0.800 | 0.570 6 594 0.593 | 0.736
Soil*Stand 2 594 0.637 | 0.529 2 594 0.584 | 0.558
Soil*Age 12 594 0.741 | 0.711 12 594 0.660 | 0.790
Stand*Age 6 594 0.060 | 0.999 6 594 0.150 | 0.989
Soil*Stand*Age 11 594 0.661 | 0.776 11 594 0.685 | 0.753
Animals | Intercept 1 594 37.052 | 0.000 1 594 37.779 | 0.000
Soil 2 594 0.603 | 0.547 2 594 0.288 | 0.750
Stand 1 594 1.116 | 0.291 1 594 0.134 | 0.714
Age 6 594 4.890 | 0.000 6 594 5.883 | 0.000
Soil*Stand 2 594 0.141 | 0.869 2 594 0.262 | 0.769
Soil*Age 12 594 0.811 | 0.639 12 594 1.056 | 0.396
Stand*Age 6 594 0.722 | 0.632 6 594 0.418 | 0.868
Soil*Stand*Age 11 594 0.648 | 0.787 11 594 0.708 | 0.732
Forestry | Intercept 1 594 27.313 | 0.000 1 594 19.123 | 0.000
Soail 2 594 0.048 | 0.953 2 594 0.002 | 0.998
Stand 1 594 0.590 | 0.443 1 594 0.188 | 0.665
Age 6 594 1.984 | 0.066 6 594 1.397 | 0.213
Soil*Stand 2 594 0.140 | 0.870 2 594 0.380 | 0.684
Soil*Age 12 594 0.863 | 0.585 12 594 1.027 | 0.422
Stand*Age 6 594 1.003 | 0.422 6 594 0.628 | 0.708
Soil*Stand*Age 11 594 0.550 | 0.869 11 594 0.579 | 0.847

The composition and soil type of stand did not
have statistically significant influence on proportion
of all damages of both all trees and spruces. Also,
the frequency of distinct damage types was not
affected significantly (Table 5). Significant effect on
the proportion of both all damaged trees and animal
damaged trees was observed for the stand age of |
layer spruces. However, for both all trees and spruces

no significant effect of the rest of groups of damages
was observed (Table 5).

The proportion of both all trees and spruces in
middle-aged (41 — 80 years old) stands is significantly
higher than in younger stands. More pronounced
relations were observed for animal damages (Fig. 2)

Browsing damages to some extent might be
linked to branch traits, affected also by genetics
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Figure 1. The proportion of basal area of damaged trees in relation to the age group.

All damages (A), animal damages (B).

(Baders et al., 2017b; Jansons et al., 2006), but are
primarily influenced by population densities of
cervids. Moreover, they tend to accumulate over time,
since the healing-over of a browsing scare takes a long
time.

All age classes of all damaged trees and
spruces, all damages and animal damages can be
distinguished in two statistically significantly different
groups—stands till age of 40 years and stands above
80 years.

Conclusions

1. The mean basal area of damaged trees is 10.4 +
1.0% from the total basal area of stand. However,
the basal area of damaged spruces is 11.6 £ 1.1%
from the total basal area of spruces.

2. No statistically significant differences in
dimensions between damaged and undamaged
trees were observed. The proportion of damaged
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Abstract

In Latvia, Pabies (L.) H. Karst stands occupy about 18% of the total forest area (3.01 million) forming pure and
mixed stands. Regardless of the main goals, productivity of the future forest stands must be preserved; therefore, it
is very important for forest management to identify risk factors. P.abies often suffers from various risk factors. The
aim of the research was — to assess the sanitary state of Picea abies (L.) H. Karst in Oxalidosa, where the area of
forest stands has been restored both anthropogenically and naturally. Selected young stands are located in Limbazi
district of Latvia. Empirical data was collected in 5 spruce stands with the total area of 9.2 ha in Oxalidosa. In total,
67 sample plots were installed with radius of 3.99 m, measuring 799 trees. Diameter was measured for all trees in
the sample plot. For sanitary state of Pabies young stands characterization damage caused by biotic factors was
assessed visually after four-point scale: health tree (0), minor damage to 25% (1), moderately damaged 26 — 50% (2),
severely damaged or dried — from 51% (3). Damage caused by P.abietina and browsing was found in several stands,
while damage produced by P.abietina larvae was detected only in one pure stand. Occurrence of browsing damage is
10 — 28%, while damage intensity — 7.7 — 21.8%. There are significant differences between occurrence of browsing
damage (p=0.001) and also between damaged tree damage intensity (p=0.003). Nature of browsing damage depends

on the size of pure and mixed stand area, the location in forest massif and adjoining territory.
Key words: pure, mixed stand, Pristiphora abietina, Betula spp., browsing.

Introduction

Pabies is a tree species who has entered the
territory of Latvia from the east side and in this part
it has always been more widespread. Even in the
most favorable periods of growth, Pabies occurrence
in the western part of the country was small, not
exceeding a quarter or fifth of the total forest area
(Prieditis, 1999). Spruce is shade tolerant and wind
fragile species which also suffers from many pests
(Miezite et al., 2017). In investigated stands larvae
damage of little spruce sawfly Pristiphora abietina
Christ was detected, gnawing the young shoots of
spruce needles, as a result shoots wither (Ozols,
1985; Miezite, 2015). Spruce suffers from insects,
but the needles and even shoots - from late spring
frosts. Pabies grows in slightly acidic sandy clay
soils. It suffers from prolonged soil drought, is not
resistant to pests and diseases, especially suffering
from root rot (Miezite et al., 2013; Ruba, Miezite,
& Luguza, 2014; Zemaitis & Stakenas, 2016). In
future the availability of water, which is a significant
parameter of tree growth, will become increasingly
more critical with longer and more frequent drought
periods (Leuschner, 2009; Allen et al., 2010).
Czech scientists have found that over the past two
decades there has been a massive decline of spruce
stands, which is expressed as yellowing, defoliation
and tree death at all stages of the age. Occurrence
of damage of various risk factors in Pabies stands,
possibly, unsatisfactory state of forest soils due to
past pollution, precipitation and high temperatures
in the growing season associated with global climate
change (Nilsson et al., 2010; Jansons et al., 2016;

Zeltins et al., 2016). Many authors have studied
spruce ability to adapt to climate change (Kapeller
et al., 2012; Nilsson, Elfving, & Karisson, 2012,
Ulbrichova et al., 2015), but the level of knowledge
about the potential for adaptation of spruce stands is
still not sufficient.

In Latvia, spruce stands occupy about 18% of the
total forest area (3.01 million) forming pure and mixed
stands, mainly with pine (Pinus sylvestris L.), birch
(Betula spp.) and aspen (Populus tremula L.) (State
Forest Service, 2016). The economic significance
is very high, although the mechanical properties of
wood are smaller than P. sylvestris. P.abies is used
in greenery in rural areas, it is also suitable for high
hedges. Spruce bark is used for tanning, while the
essential oils are obtained from the needles as well as
manufacturing medical preparations, vitamin-based
pastes and needle flour for animal feed (Maurins &
Zvirgzds, 2006). Well aerated, clay and acidic soil
is optimal for spruce growth, and on such soil forest
stands with site index | and la are formed (Zalitis,
2008). Forests on normally wet mineral soil grow in
well aerated mineral soil (Liepa, 2003). The soil isrich,
typical podzolic or soddy podzolic, loamy soil, sandy
loam, less clay or fine sand; also, brown soilin, which
takes place in intense circulation of substances occurs.
In Oxalidosa, P.abies pure and mixed stands with the
site index | and la (Liepa, 2003) grow. Therefore, the
aim of the research was to assess the sanitary state of
Picea abies (L.) H. Karst in Oxalidosa, where the area
of forest stands has been restored both artificially (in
pure stands) and naturally (in spruce stands with birch
admixture 20 — 40%).
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Table 1
Young stands of Picea abies in Oxalidosa (Vr)
_ Type of Tree gp_ecies Number of
Block/parcel Coordinates regeneration composition and | Area, ha | sample plotin
age parcel
55/5 X 540038.50; Y 6378420.00 artificial 10E8 0.8 7
40/4 X 532702.01; Y 3877730.02 artificial 10E8 45 32
39712 X 551313.10; Y 6374378.91 natural 8E2B11 1.0 7
845/3 X 536158.32; Y 6363814.22 natural 7E3B11 2.0 14
636/22 X 543160.82; Y 6362868.31 natural 6E4B11 0.9 7
Legend: E — Pabies; B — Betula spp.
Materials and Methods Dendrometric indicators for sanitary state

Selected young stands are located in Limbazi
district of Latvia. The empirical data was collected,
measured and analyzed in 5 spruce stands with a total
area of 9.2 hectares in Oxalidosa (hereinafter Vr)
(Table 1). Both 8-year-old spruce pure stands were
regenerated anthropogenically, while three 11-year-old
spruce stands with birch admixture were regenerated
from spruce regrowth and birch sprouts (Table 1).
Tree height measurements were made using 5 m long
lath (accuracy 1 cm); electronic caliper — for the tree
diameter at 1.3 m above the root collar measuring
(accuracy 0.1 mm). Sample plots (hereinafter SP) with
a radius of 3.99 m (area of 50 m?) were established.
In each forest stand SP was placed on the longest
diagonal of the area. In total 67 SP were installed.
Diameter measurements were made for all trees in SP,
as well as the sanitary state for total of 799 trees was
evaluated. In each forest plot total height of 30 trees
was measured for calculating the average height of the
stand.

Cadastral map and stand description were obtained
from National Forest Service program ArcPad, with
the help of this program in the researched spruce
young stands SP distances and coordinates of each
parcel were determined.

There was a little undegrowth in all investigated
Pabies young stands. In undergrowth the following
species were found: European mountain-ash (Sorbus
aucuparia L.), European hazelnut (Corylus avellana
L.) and bird cherry (Padus avium Mill.). In turn, in
ground vegetation: bracken fern (Pteridium aquilium
(L)) Kuhn), wood anemone (Anemone nemorosa
L.), wood sorrel (Oxalis acetosella L.), may-lily
(Maianthenum bifolium (L.) FW. Schmidt), wood
horsetail (Equisetum sylvaticum L.) and others (Buss,
1981).

For sanitary state of Pabies young stands
characterization damage caused by biotic factors was
assessed visually after four-point scale: health tree (0),
minor damage to 25% (1), moderately damaged 26 —
50% (2), severely damaged or dried — from 51% (3).

characterization in Oxalidosa were calculated using
formulas 1 — 3. The number of trees per hectare (N,
pieces ha') was calculated according to formula 1:

N
N=—".100, 1)
L

where Np — the number of trees in the current sample
plot (pcs.) and L — area of current sample plot (m?).
Damage occurrence (P, %) was calculated using
formula 2:

_n .100 , )
N

Where P — occurrence of damaged trees (%), n —
the number of damaged trees (pcs. ha?). Damaged
tree damage intensity was calculated according to
formula 3:

P

> n.h
— &=t 17T 100, (3)
N .k

where R — damaged tree damage intensity (%), n, —
the number of damaged trees (pcs. ha™), b, — damage
degree (points), N — total number of listed trees
(pcs. hat) and k — the highest degree of damage
(points) (Miezite et al., 2013; Ruba et al., 2013).

Regression and dispersion analysis was used for
sanitary state and tree damage significance evaluation.
Standard error of average values was determined
(= SE) (Arhipova & Balina, 2003).

Results and Discussion

Sanitary state of forests stands affects not only
location in the forest massif (Ruba, Miezite, & Luguza,
2014), but also dendrometric indicators such as
average tree diameter, height, stands thickness etc. The
average diameter of tree (1.9 + 0.13 cm) in 8-year-old
artificially regenerated pure stand 40/4 with the largest
number of trees per hectare (3100 + 155 pieces ha?) is
lower than in the stand 55/5 with a smaller number of
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Table 2
Dendrometric indicators of Picea abies young stands in Oxalidosa
Block/parcel Treg _speues Dvid. + SE, Hvid, + SE, N + SE-,1
composition and age cm m pcs. ha
55/5 10E, 2.1+0.09 2.9+0.08 3100 + 155
40/4 1OE8 1.9+0.13 3.0+£0.13 2620 + 131
397/2 8EZB11 3.2+0.22 3.1+£0.14 4200 + 210
845/3 7E3B,, 3.1+0.12 3.1+0.11 3760 + 188
636/22 6E4B, 3.1+0.09 3.1+£0.10 2470 £ 124

Legend: Dvid. £ SE — average tree diameter, cm; SE — standard error; Hvid. — average tree height, m; N £ SE — number of

trees or stand thickness, pcs. ha*.

trees per ha (2.1 = 0.09 cm), while the average height
of tree is upside down (table 2). It shows that pure
stand 55/5 has a large thickness because of which trees
have begun to spindle, also affecting the size of crown
thus reducing resistance to abiotic factors (Peltola,
Nykanen, & Kellomaki, 1997) in Latvia, especially
against the wind damage (Jansons, 2015).

The average tree diameter in naturally regenerated
11-year-old mixed stand of spruce is larger (3.2 £ 0.22
cm) with the highest stand thickness (4200 + 210 pcs.
ha?) and smallest birch admixture (20%), but slightly
smaller in young stands with larger birch admixture of
30% and 40% (Table 2). Thus, increasing admixture of
birch in spruce stands, the average tree diameter and
height will decrease; also Zalitis (2008) in his studies
has found that admixture affects the productivity of
dominant species. Average tree diameter and height
reduction between mixed stands is not significant
(p>0.05) at the given age in young stands of spruce
with a birch admixture of 20 — 40%.

In the researched stands damage caused by biotic
factors (insects and browsing) was detected (Fig.1).
From insects — only larvae damage of small spruce fly

35
30
25
20
15

intensity (R, %)
W

10E8
55/5

10E8
40/4

Damaged tree damage occurrence
(P, %) and damaged tree damage

(Pabietina) was found only in 8-year-old pure stand
of spruce (40/4) on the southern and southeastern
side in the upper part of tree crowns. In this stand
by small spruce fly damaged tree damage intensity
was 2.2%, and damaged trees looked like burnt.
In other studies damage was detected only on the
southern side (Holonec, Cherechesiu, & Taut, 2004;
Miezite, Dubrovskis, & Ruba, 2017). 8-year-old pure
spruce stand (40/4) on the north side is surrounded
by seasoning mixed birch stand in Oxalidosa,
from the northeast — mature mixed spruce stand in
Hylocomiosa, from the east — mature birch mixed
stand in Myrtilloso-polytrichosa; respectively, from
the southeast — seasoning birch stand and on the south
side — mature birch stand, both in Oxalidosa.

West winds are prevailing in Latvia, consequently
young spruce stand 40/4 is placed on the side of
shelter, what according to Holonec, Cherechesiu
& Taut(2004), contributes to spread of Pabietina
damage (Miezite, Dubrovskis, & Ruba, 2017).

Damage caused by browsing was detected in all
investigated spruce young stands (Fig. 1). The smallest
browsing damage was detected in the mixed spruce

: n T e

8E2BI11
397/2

7E3B11
845/3

6E4B11
636/22

Block/parcel, tree species composition and age of forest stand

Odamaged tree damage occurrence, % Bdamaged tree damage intensity, %

Figure 1. Occurrence of browsing damage (P,%) and damaged tree damage intensity (R,%)
in pure and mixed P.abies stands.
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Figure 2. Relationship between the damaged tree damage occurrence and damaged tree damage intensity
in the investigated P.abies young stands.

stand 845/3 (birch admixture 30%) unlike other pure
and mixed spruce stands. Mixed stand 845/3 from the
north is surrounded by agricultural land that is not
sown with winter crops, and therefore does not attract
browsing, while from the east — middle-aged mixed
birch stand in Myrtillosa turf. mel., from the south —
declining mixed black alder stand in Oxalidosa turf
mel., from the southeast -declining mixed spruce stand
in Myrtillosa mel., from the northwest — declining
mixed aspen stand in Oxalidosa.

In turn, more significant damage was detected in
forest stands with a smaller area: in 8-year-old pure
spruce stand (55/5) and 11-year-old mixed spruce stand
with birch admixture (636/22). In this mixed stand
(admixture 40%) the highest occurrence of damaged
trees is 28.0% and damaged tree damage intensity
— 21.8%. This is due to the location of parcel in the
forest massif, because there is an agricultural arable
land on the southern part of the stand. In contrast,
there are no significant differences between forest
stands 40/4 and 397/2 (damage occurrence 16.0% and
15.0%, damage intensity 11.4% and 10.6%). From
this it can be concluded that occurrence of browsing
damage depends on the size of forest area,the
adjoining territory and its location in the forest massif,
which coincides with the results of other scientists’
researches (Buss, 1981; Chen, 1999), although it is
unambiguous to evaluate the significance of the side
effect in forest ecosystem is very complicated (Harper
et al., 2005; Pétersons et al., 2009).

There is a significant difference between
occurrence of browsing damage in investigated young
stands (p=0.001) and also between damaged tree
damage intensity (p=0.003).

After applying regression analysis (Fig. 2) it can be
concluded that the determination coefficient R?=0.993
and the correlation coefficient |r|=0.996 indicate
a close linear correlation between the damaged
tree damage occurrence and damaged tree damage
intensity in the researched spruce stands (p=0.00025).
The linear regression equation is y=0.7969x-0.9107,
respectively, the coefficient of confidence is 0.67<0.91
(0=0.05). Since the zero value does not belong to the
confidence interval, we can reject the zero hypothesis
and assume that there are significant differences
(0=0.05) between the intensity of browsing damage in
the studied young spruce stands.

In pure (55/5) and mixed (397/2; 845/3) spruce
stands it is necessary to do thinning. It contributes
to the development of forest stands, because cutting
off unpromising and damaged trees, healthy trees
can take up larger soil area and get more nutrients.
The thinning should be performed timely; otherwise,
it may affect the growth of tree, despite the fact that
spruce is a shade tolerant species.

Conclusions

1. Damage caused by insects and browsing was
detected both in pure and mixed stands of Picea
abies (L.) H. Karst.

2. Damage caused by larvae of small spruce fly
(Pristiphora abietina Christ) occurs in Picea abies
(L.) H.Karst. stands in the south and south-east
side.

3. Nature of browsing damage depends significantly
on the area of pure and mixed Picea abies (L.)
H. Karst. stand, location in the forest massif and
adjoining territory (p<0.05).
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Abstract

No simple method has yet been found for satisfactory wood bio-resistance improvement regarding material
performance in its end-use. An attempt to obtain material with proper strength and bio-durability by combined wood
thermal modification and impregnation with a biocide is being researched. To select the most appropriate treatment
conditions for the combined process, changes in wood physical and mechanical properties depending on the treatment
temperature were investigated in the present study. For the investigation, in Latvia the most widespread wood —
softwood pine (Pinus sylvestris L.) and hardwood birch (Betula spp.) was used. Changes of wood mechanical and
physical properties due to thermal modification were investigated and effect of treatment temperature and relative
humidity on wood characteristics evaluated. It was found that, due to different degree of changes, no identical
treatment conditions suit for birch and pine wood. Birch wood is considerably more sensitive to temperature and
acceptable strength was maintained only for birch wood treated at 150 °C and for pine wood treated at 160 °C.
Nevertheless at higher environmental humidity equilibrium moisture content and consequently radial and tangential
swelling increased for all studied wood types, substantially smaller changes due to elevated humidity were detected

for modified wood.

Key words: thermal treatment, birch, pine, hardness, bending strength, swelling, capillary water uptake.

Introduction

Over recent decades, different treatment methods
have been proposed for restriction of such wood
drawbacks as dimensional instability and low
resistance to biodegradation (Homan & Jorissen,
2004; Gerardin, 2016). Commercially the most
successful has been wood thermal modification and
different treatment processes have been introduced
in production on industrial scale (Hill, 2006).
One advantage of wood thermal modification in
comparison with other wood modification methods is
that no chemicals are used to alter wood properties
as the changes are caused by autocatalytic reactions
of wood chemical components during its exposure
to elevated temperature. This makes wood thermal
modification relatively environmentally friendly
(Sandberd, Haller, & Navi, 2013). Another advantage
is that the equipment is simple and comparatively low
capital expenditure is needed to launch manufacturing.
Therefore, it is foreseen that thermal modification of
wood will continue growing (Militz & Altgen, 2014).

A lot of different wood thermal modification
methods are known which vary with the treatment
atmosphere, temperature, and duration (Hofmann et
al., 2013; Militz & Altgen, 2014; Gerardin, 2016). They
all include exposure of wood to elevated temperature
(150 — 260 °C) in absence of oxygen which result
in complex reactions including certain destruction
of low-molecular substances and hemicelluloses,
reorganisation of lignin and cellulose and evaporation
of volatile compounds (Sandberd, Haller, & Navi,
2013). These wood chemical transformations result in
changed wood colour, improved dimensional stability

and enhanced bio-durability. However, alteration
of wood chemical composition and structure due
to thermal treatment causes reduction in wood
mechanical strength (Boonstra et al., 2007; Arnold,
2010; Welzbacher et al., 2011; Widmann, Fernandez-
Cabo, & Steiger, 2012). Therefore, when selecting the
modification method and processing parameters, it
is important to find a trade-off between benefits and
losses taking into consideration the requirements for
the material end-use.

Despite numerous investigations, no simple
method has been found yet for fully satisfactory result
regarding material potential performance in its end-
use. Thus, different combined treatment processes,
including pre- or post-treatment of thermally modified
wood, are now intensively investigated and the results
are being reported (Ahmed, Hansson, & Moren, 2013;
Ferrari et al., 2013; Wang, Zhu, & Cao, 2013). The
present research is a part of the investigation aimed
at improving wood bio-durability by combined
wood thermal treatment and impregnation with
a commercial biocide. It is found that substantial
enhancement of bio-durability can only be reached
by wood thermal treatment at the temperature range
at which wood mechanical strength significantly
decreases consequently restricting the application area
of the material (Kamdem, Pizzi, & Jermannaud, 2002;
Metsé-Korteleinen & Viitanen, 2010; Candelier et al.,
2017). It is expected that by applying the proposed
combined treatment process a material with decent
mechanical strength and meeting the requirements of
the use class 3 according to the EN 335-1 standard
will be obtained.
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The objective of the present study was to evaluate
changes in wood physical and mechanical properties
due to thermal modification depending on the treatment
temperature. It will let select the treatment conditions
for the combined process. For the investigation, in
Latvia the most widespread wood - softwood pine
(Pinus sylvestris L.) and hardwood birch (Betula spp.)
was used.

Materials and Methods

For the thermal modification, kiln-dried boards
of birch (Betula spp.) and pine (Pinus sylvestris L.)
wood measuring 700 x 100 x 25 mm were used. The
modification was carried out in a multifunctional
wood modification device of WTT (Denmark)
production. The boards were thermally modified
in a water vaper medium under elevated pressure
(0.6 — 0.8 MPa depending on the temperature) for
1 h at the peak temperature. Each of the wood species
was treated at three peak temperatures: birch wood at
150, 160 and 170 °C and pine wood at 160, 170 and
180 °C. The boards were weighed before and after
modification and mass losses calculated. The modified
boards were conditioned (RH 65 + 5%; 20 + 2 °C)
for at least two weeks before preparing specimens for
testing mechanical and physical properties.

Determination of wood equilibrium moisture
content (EMC) and wood radial and tangential
swelling was performed with specimens measuring
20 x 20 x 10 mm (r x t x I) and having the annual ring
orientation strictly parallel to the edge. Ten replicates
were used per each modification temperature and the
untreated wood. Before starting the test, specimens
were oven-dried (102 + 2 °C) and their mass (with
accuracy of 0.0002 g) and dimensions (with accuracy
of 0.02 mm) were determined. Further the specimens
were conditioned until reaching constant weight at
20 + 2 °C temperature and fixed relative humidity
(RH) conditions in increasing sequence:

45%, 65%, 85%. The specimen equilibrium mass
and dimensions were recorded for each tested RH and
calculations according to DIN 520184 were performed
to establish wood swelling characteristics. The
moisture exclusion efficiency (MEE) was calculated
as given below (Eqg. 1).

EMCynmod—EMCmod X 100 %
’

MEE = EMCynmod (1)

Capillary water uptake (CWU) through radial and
tangential surfaces was tested using cubic specimens
(20 x 20 x 20 mm) with annual ring and grain
orientations strictly parallel to the edges. All sides,
except two opposite faces (radial or tangential), one
of which was intended for CWU evaluation, were
sealed with waterproof coating. After conditioning
(RH 65 * 5%; 20 £ 2 °C) until constant weight, the

specimens were installed into a frame that restricted
water evaporation from the container and fixed the
specimens in a position in which the contact surface
was 2 £ 0.2 mm under the water. The container was
filled with distilled water the level of which was
monitored and adjusted every day. After 10 days,
the specimens were removed from the water, excess
water wiped off with a paper towel and the specimen
weight recorded with an accuracy of 0.0002 g. The
experiment was carried out in a room with controlled
RH (65 + 2%) at 20 + 2 °C. Ten replicates were used
per each wood type.

Wood bending strength was determined according
to DIN 52186 in a three-point bending test using a
material strength testing device ZWICK Z100. Before
the test was carried out, the specimens measuring
360 x 20 x 20 mm with the fibres parallel to the sample
longitudinal axis were conditioned at two different
RH (65% and 85%) till constant mass. At least
30 specimens obtained from different boards were
tested for each modification and RH. The loading
speed was adjusted for each of wood type to reach the
destruction maximum within 90 £ 10 sec.

Wood surface hardness was determined according
to the Brinell test procedure and meeting the
requirements of the EN 1534 standard. The hardness
for radial and tangential directions of specimens
conditioned till constant mass at two RH (65% and
85%) were evaluated. A force of 1 kN was applied
with reaching it within 15 sec and maintaining it for
25 sec by using a universal test device ZWICK Z100
and a metal ball of diameter 8 mm as an intender. Ten
specimens were examined for each wood type and
eight measurements were performed on radial and
tangential surfaces of each specimen.

Results and Discussion

Density of wood before and after THT as well as
mass loss due to thermal treatment, are presented in
Tablel.

The wood mass loss increases with increasing
THT temperature for both species at the temperature
range used in the study. However, birch wood is
considerably more sensitive to temperature compared
to pine as equal mass losses are detected for birch
at 160 °C and pine at 170 °C. Other authors have
also reported similar findings (Rowell et al., 2009;
Chaouch et al., 2010). It is explained by higher
content of hemicelluloses, lower content of lignin and
high content of syringyl groups in hardwood. Unlike
the mass loss, the density dependence on temperature
is significantly less pronounced and, compared to the
initial material, the decrease for both woods varies in
the range of 7 — 8%.

Examination of wood mechanical properties
showed that both bending strength and hardness
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Table 1
Oven-dry wood density and mass losses due to thermal treatment (THT)
Wood Birch Pine
Treatment unmodified | THT 150 | THT 160 | THT 170 | unmodified | THT 160 | THT 170 | THT 180
p,gcem? 0.618 0.593 0.578 0.577 0.481 0.471 0.444 0.467
STDEV 0.046 0.045 0.07 0.072 0.053 0.043 0.055 0.049
Mass loss, % - 0.1 6.6 15.7 - 1.2 6.8 10.6
Table 2
Brinell hardness, HBS (N mm2), for unmodified and modified (THT) birch and pine
. RH 65% RH 85% . RH 65%
Birch - - - - Pine - -
Rad direct. Tg direct. Rad direct. Tg direct. Rad direct. Tg direct.
unmodified | 27.5 (3.1) 24.0 (2.7) 19.7 (2.0) 18.4 (1.7) | unmodified | 16.8 (2.8) 18.3(3.2)
THT150 | 22.3(3.4) 17.7 (3.0) 17.9 (2.7) 15.4 (1.5) | THT160 14.4 (3.2) 13.8 (2.5)
THT160 | 18.7(3.2) 15.7 (3.2) 13.4 (1.6) 13.6 (15) | THT170 13.4 (2.0) 13.8 (2.9)
THT170 | 183 (2.3) 14.2 (1.9) 13.2 (1.4) 115(1.3) | THT180 13.1(2.2) 13.4 (1.9)

(standard deviation in parentheses).

decrease with increasing treatment temperature
(Table 2 and 3). For samples conditioned at RH of
65% (20 °C), it was found that untreated pine wood
is relatively soft with its Brinell hardness being
approximately 16 — 18 N mm-2, Treating of pine at the
THT temperature range 160 — 180 °C, results in wood
hardness decrease by 18 — 23% in the radial direction
and by 19 — 23% in the tangential direction. However,
increase of the THT temperature by 20 °C, causes
hardness decrease by only 4 — 5%, whereas hardness
reduction by 16 — 33% in the radial direction and by
27 — 48% in the tangential direction was detected for
birch after THT treatment. Moreover, birch wood is
affected to a greater extent by THT with hardness
decrease almost twice due to rising the treatment
temperature by 20 °C (from 150 °C to 170 °C). The
birch wood surface hardness loss is significant, and
it is an important indicator, especially for the articles
subjected to horizontal loads (e.g., terraces).

Bending strength is more affected by thermal
modification than hardness. Already at lower treatment
temperatures, the bending strength for birch and pine

decreases by 33% and 34%, respectively (Tables 3
and 4). The decrease in bending strength is close to
linear within a modification temperature range of
160 — 180 °C for pine. For birch, the largest decrease
in bending strength is caused by the increase in
temperature from 150 °C to 160 °C. At the maximum
treatment temperature of 170 °C, the bending strength
for birch wood decreases by 56%. Bending strength
for pine wood at this temperature decreases by 51%
and by 60%, if the treatment temperature is increased
up to 180 °C.

It is well known that the RH of the environment
substantially affects wood properties (Simpson
& TenWolde, 1999). For both unmodified and
thermally modified samples conditioned at higher
RH, the mechanical strength is significantly reduced
comparing with samples conditioned at lower RH
(Tables 2 and 3). At RH 85% for untreated pine,
bending strength decreases by 25%, but for birch —
by 32%, compared to similar parameters at RH
65%. However, for thermally modified wood, the
decrease in bending strength at elevated humidity is

Table 3
Bending strength (MPa) for unmodified and modified (THT) birch and pine
Birch RH 65% RH 85% Pine RH 65% RH 85%
unmodified 116.8 (16.4) 79.2 (10.4) unmodified 93.4 (13.9) 69.6 (8.9)
THT 150 78.7 (18.9) 60.2 (14.1) THT 160 61.5 (15.9) 47.8 (11.7)
THT 160 57.9 (15.5) 41.2 (8.6) THT 170 46.2 (18.3) 40.3 (18.1)
THT 170 59.2 (17.2) 40.7 (13.2) THT 180 37.8 (19.6) 33.2 (12.7)

(standard deviation in parentheses).
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Figure 1. Birch equilibrium moisture (EMC) % with standard deviation,
depending on the air RH and THT temperature.
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Figure 2. Pine equilibrium moisture (EMC) % with standard deviation,
depending on the air RH and THT temperature.

significantly smaller. Similar trend has been reported
by Arnold (2010). However, different results were
obtained for thermally modified pine and birch wood
regarding the effect of treatment temperature on
strength reduction due to elevated RH. The reduction
in bending strength of pine caused by rising RH
decreased with increase in THT temperature. For the
THT treated birch wood the decrease does not depend
on the modification temperature. Similar effect of
elevated RH was observed also with respect to the
surface hardness of both tree species. The surface
hardness of unmodified pine decreases by 29% in
the radial direction and by 34% in the tangential
direction. The surface hardness of THT pine wood
also decreased but to a level that measuring failed and
therefore no data on pine at RH 85% are presented
in the table. The unmodified birch surface hardness
decreases by 34% in the radial direction and by 23%
in the tangential direction, compared to the samples
conditioned at RH 65%. For the birch modified at
150 °C, the conditioning at RH 85% reduces the
hardness in the radial and tangential direction by 24%.
However, elevation of RH almost does not change
the hardness for THT treated birch wood at higher
(160 — 170 °C) temperatures. The differences between

both species regarding the influence of humidity on
hardness in different directions may be explained by
the significantly different anatomical structure.

The changes in the wood component composition
as a result of the thermal action have significant
influence on the wood/moisture/water interaction. As
a result of the degradation and/or mutual interactions
in wood, with decreasing hydrophilic components, the
equilibrium moisture, linear swelling and capillary
water uptake decrease. The changes in wood EMC
at different RH and depending on the modification
temperature are presented in Fig. 1 and 2.

For both unmodified and THT wood, the EMC
increases with rising RH, but for the modified one,
EMC is significantly lower and decreases with
increasing treatment temperature.

MEE is an important characteristic of modified
wood that shows how much the equilibrium moisture
decreases by modifying wood (Van Acker et al.,
2015). This characteristic implies on improvement.
In accordance with the normative documents, MEE at
RH 85% must be > 40%. Figures 3. and 4. give MEE
values for THT birch and pine.

In our case, this requirement is ensured for birch,
modifying at 160 °C, whereas for pine —at only 180 °C.
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The effect of thermal modification on the linear
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Figure 3. Moisture exclusion efficiency (MEE) with standard deviation
for modified birch depending on the air RH.
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Figure 4. Moisture exclusion efficiency (MEE) with standard deviation
for modified pine depending on the air RH.

to maximum linear swelling was reached, show that

swelling of wood is shown in Table 4. As it can be
seen, both the pine and birch wood swell less after
thermal treatment and the swelling at similar RH
decreases with increase in THT temperature. However,
the results, obtained by soaking the wood in water up

there is no effect of the modification temperature
on the wood dimensional stability above wood fibre
saturation point. It agrees with the findings that
changes in some other wood properties are dependent
on the modification temperature only up to a certain

Table 4
Birch and pine swelling in the radial (Rad) and tangential (Tg) direction
depending on the humidity (RH)
Modification Rad direction Tg direction
temperature | RH 45% | RH 65% | RH85% | (max) | RH45% | RH 65% | RH 85% (max)

untreated | 1.5(0.1) | 2.4(0.3) | 4.0(0.5) | 5.0(0.7) | 1.7 (0.2) | 2.8 (0.3) | 4.7(0.5) | 8.2(0.7)
S THT 150 | 0.9(0.2) | 1.3(0.2) | 2.0(0.4) | 25(0.3) | 1.2(0.2) | 1.8(0.3) | 3.0(0.5) | 5.2 (0.6)
M | THT160 | 0.8(0.1) | 1.1(0.2) | 2.0(0.4) | 3.1(0.9) | 1.0(0.1) | 1.5(0.2) | 2.9(0.4) | 6.9 (1.3)
THT 170 | 0.7(0.2) | 1.1(0.2) | 1.8(0.4) | 3.6(0.8) | 0.9(0.1) | 1.4(0.2) | 2.4(0.3) | 5.0(0.9)
untreated | 1.4 (0.3) | 2.0(0.3) | 3.2(0.5) | 52(0.9) | 2.3(0.2) | 3.4(0.3) | 5.4(0.5) | 9.9(0.9)
@ | THT160 | 0.7 (0.1) | 11(0.1) | 20(0.2) | 3.4(04) | 1.4(0.2) | 22(0.2) | 3.9(0.3) | 6.9(0.5)
& | THT170 | 0.7(0.1) | 1.1(0.2) | 1.9(0.5) | 3.0(0.8) | 1.1(0.2) | 1.8(0.3) | 3.4(0.7) | 5.5(1.4)
THT 180 | 0.6 (0.1) | 1.0(0.3) | 1.8(0.4) | 3.4(0.8) | 0.9(0.1) | 1.8(0.3) | 3.2(0.6) | 6.1(0.9)

(standard deviation in parentheses).
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Figure 5. Capillary water uptake (CWU) with standard deviation of birch wood
in the radial (Rad) and tangential (Tg) direction.
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Figure 6. Capillary water uptake (CWU) with standard deviation of pine wood
in the radial (Rad) and tangential (Tg) direction.

temperature range (Welzbacher, Brischke, & Rapp,
2007).

The amount of water absorbed by birch and pine
samples during 10 days of the CWU experiment is
shown in Figs. 5 and 6. The unmodified pine absorbs
more water than birch. However, the amount absorbed
through the tangential surface is considerably larger
for both unmodified birch (1.6-fold) and unmodified
pine (1.9-fold). For birch, as a result of modification,
the absorbed water quantities decrease through both
radial and tangential surfaces. Moreover, for the
modified birch, the differences between the amounts
absorbed through the two surfaces are insignificant.
However, the HTM treatment of pine does not reduce
the CWU through the radial surface, and increases the
CWU through the tangential surface. Similar effect of
CWU increase has been observed also by Johansson,
Sehlstedt-Persson & Moren (2006). The explanation
of the differences between the THT birch and THT
pine CWU could be the differences in structural
changes during thermal treatment, but it needs

further research. However, these results suggest that
impregnation regimes should be adjusted for each of
THT treated species.

Conclusions

1. The results showed that, due to the significant
strength losses during wood thermal treatment,
only modification at 150 °C for birch wood and
at 160 °C for pine wood is admissible to obtain
intended material by the combined wood treatment.
The higher treatment temperatures resulted in
greater improvement of wood hydrofobicidy;
however, substantial decrease in wood swelling
and equilibrium moisture content is obtained also
at lower temperatures at which hardly any losses
of wood mass were detected.
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Abstract

Plywood overlaid with resin impregnated paper films is used in various decorative applications for which high
stability of aesthetic qualities is of great importance. The top veneer of the plywood for these materials is perfectly
protected from a direct contact with water as far as the covering film is not damaged. However, in case of film
damage water can cause clearly visible defects in a relatively short period of time. To reduce these types of defects,
unsophisticated and efficient way was developed. It involves filling the vessel system of the top veneer with industrial
phenol-formaldehyde resin by using a hot-press. Influence of some phenol-formaldehyde resin properties on its
penetration in birch veneer as well as the effect of wood moisture content were tested. The proposed top veneer
pre-treatment method with phenol-formaldehyde resin reduced the average swelling zone distance from damage site
by half for oven pre-dried plywood with 3% moisture content before treatment. Moreover, it was found that using
plywood with moisture content of 9% the swelling zone distance was reduced by two thirds compared to untreated

overlaid plywood.

Key words: plywood; phenol-formaldehyde resin; water spreading.

Introduction

Plywood manufacturing from wood veneer layers
by gluing them together with resins is one of the largest
wood-based composite industries (Chang et al., 2018).
In comparison with solid wood products, the design
of plywood with veneer sheets glued together with
adjacent layers having their wood grain perpendicular
to one another results in reduced tendency of swelling
and shrinking, providing improved dimensional
stability in changing humidity environment.
Moreover, such a design makes the plywood panel
less anisotropic regarding its strength properties.
Different varieties of plywood have been designed
and are manufactured for multitude of applications
such as furniture, engineering constructions, vehicles,
sporting goods and equipment, packaging, ships and
yachts and others (Hrazsky & Kral, 2007). Among
others, plywood overlaid with a resin impregnated
paper film has gained its niche for various decorative
applications. Mostly melamine and phenolic resins
are used for production of resin films, which are
subsequently hot-pressed onto one or both of plywood
sheet surfaces. Beside changed appearance, covering
of plywood with resin-impregnated film significantly
improves water and abrasion/wear resistance as well
as facilitates cleaning and maintenance of the surface.
Moreover, the resin film coating perfectly protects
the top veneer of plywood from a direct contact with
water as long as the covering film is intact. However,
in case of the film damage, the inherent wood swelling
characteristics can provoke noticeable surface failure
even after a relatively short contact with water.

Intensive research has been done and is still under
experimentation to overcome the high moisture
sensitiveness of wood thus improving its utility. There

are numerous modification processes proposed to
reduce wood swelling, which can be divided into two
groups: an active modification involving changes in
wood chemical structure and passive modification,
which does not alter the chemistry of wood (Hill,
2006; Epmeier, Westin, & Rapp, 2004; Sandberg,
Kutnar, & Mantanis, 2017). The active modification
of wood comprises wood treatment methods, which
are quite sophisticated and therefore costly, such
as thermal modification, acetylation, furfurilation.
Besides, wood modification through alteration of its
chemical structure often involves reduction of strength
properties (Epmeier, Westin, & Rapp, 2004). Passive
modification mainly is performed by impregnation
with an aim to bulk the wood cell wall thus preventing
dimensional changes of wood caused by varying
humidity conditions or direct contact with liquid
water. It is found that water-soluble low molecular
weight phenol-formaldehyde (PF) resins can penetrate
into a wood cell wall and improve wood dimensional
stability (Seborg, Tarkow, & Stamm, 1962; Furuno,
Imamura, & Kajita, 2004; Kielmann, Butter, & Mai,
2018). However, even a very high resin loadings
cannot totally prevent dimensional changes of wood
(Hill, 2006). Another type of passive impregnation
involves cell lumens filling. It cannot prevent swelling
but can substantially hinder liquid water spreading
through the wood porous structure. In such a way, the
region subjected to action of water is reduced.

The flow of liquid primarily moves in the path of
least resistance. In hardwoods, the least resistance
path is the capillary structure of vessel network,
which is characterized by relatively wide lumens and
end-to-end connection with perforation plates of high
permeability (Kamke & Lee, 2007). The penetration
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rate of liquid into wood varies depending on both the
wood structure and properties and the characteristics
of the penetrant solution (Meijer, Thurich, & Militz,
2001; Meijer, 2004; Kucerova, 2012). It implies
that filling of vessel lumens could hinder fast water
spreading into the top veneer under damaged covering
film thus reducing the surface area subjected to
swelling and lessening the visual defects.

The present study was aimed at finding an
unsophisticated and effective way for the enhancement
of covered plywood resistance to rapid local swelling
in case of top veneer contact with water because of the
covering film damage.

Materials and Methods

All of the materials used for experiments were
supplied by JSC ‘Latvijas Finieris’. Plywood overlaid
with PF resin impregnated film was used to determine
the swelling zone expansion rate from the damaged
site. The damaged site was created by drilling in the
surface of the overlaid plywood an approximately 5
mm deep hole with diameter of 2.8 mm. Afterwards
the damaged site was exposed to liquid water and the
swelling zone distance was measured after certain
periods of time (10, 30, 60, 120, 240 and 1440 min)
with an accuracy of 1 mm.

Partly polymerised PF resin was obtained by
heating the industrial PF resin in water bath for 3 h at
50 £ 1 °C. Partly dehydrated PF resin was obtained
from the industrial PF resin by using a rotary vacuum
evaporator with process parameters: vacuum — 30 mbar,
temperature — 20 °C, rotation speed — 100 rpm. To obtain
PF resins with a different water content, dehydration
was performed for 1 h, 2 h and 4 h. Viscosity of the
PF resins was measured by using rotational viscometer
HAAKE Viscotester 6 plus. The water content of
the PF resins was determined by drying the PF resin
(~ 2 g) inan oven at 140 °C for 1 h. The mass of PF
resin was weighed before and after drying. From
these measurements the mass loss (water content) was
calculated assuming that only water evaporates.

Rotary-cut birch (Betula spp.) veneers with
thickness 1.4 mm were used for impregnation with the
industrial PF resin as well as with the resins modified
by polymerization and dehydration. The set of six
veneer specimens with dimensions 100 x 100 mm
per each resin type was used for impregnation. The
impregnation was carried out under vacuum (22 mbar)
for 10 min. The excess of resin was wiped off from
the veneer surface with a paper towel immediately
after removing the specimens from the impregnation
container. To polymerize the impregnated resin, the
specimens were kept in an oven (140 + 2 °C) for 12
h and weight percent gain (WPG) was calculated as a
percentage increase of the dry weight of the specimens
after the impregnation.

To evaluate how the water content of the industrial
PF resin is changed after spreading it over the plywood
surface depending on the wood moisture content,
an equal amount of PF resin was paintbrush applied
on three surfaces (100 cm? surface area): aluminium
plate (as control), conditioned plywood (RH 65 + 5%,
temperature 20 + 2 °C) with 9% moisture content and
oven pre-dried (102 + 3 °C) plywood with 3% moisture
content. After five and ten minutes the PF resin was
removed with a scraper and the water content was
determined as previously described. The control was
used to exclude from the calculations the water that
evaporates during exposure for 5 and 10 min.

To assess the effect of the top veneer pre-
treatment with PF resin on reducing of the rapid
swelling zone of the overlaid plywood, PF resin was
applied with a paintbrush onto the plywood surface
(amount: 120 — 140 g m?) prior to the covering film
hot-pressing process. Manufacturing of overlaid
plywood specimens was performed in a laboratory
by using hydraulic laboratory press. To manufacture
the specimens, plywood with pre-treated top veneer
was covered with a PF resin impregnated film and
pressed under 1.9 MPa pressure for 5 min at 140 °C
temperature.

To assess resin distribution in the top layer of
the pre-treated plywood, 1 cm wide bars were sawn
from specimen central parts and, after softening
by boiling in water for 3 h, samples were sliced for
a light microscopy examination. The examination
was performed with a transmitted light microscope
“Leica DMLB” connected to the video camera ,,Leica
DFC490”.

Results and Discussion

The results of the experiment in which the rate of
the swelling zone expansion was evaluated show that
liquid water transport in the top veneer is relatively
rapid and the covered distance can be quite large. The
average distance from the site of damage to the end of
the swelling zone after 24 hours (1440 min) was 32 +
7 cm. Moreover, more than 60% of the total swelling
zone distance was reached during the first 30 minutes.
The development of the swelling zone from damage
site during the first four hours after artificial swelling
initiation is presented in Figure 1.

The results show that the damage site can cause a
fast development of swelling zone on the surface of the
overlaid plywood when in contact with liquid water.
Besides, the results show that there is a limit how
far the swelling zone can develop from the damage
site, and the distance depends on the site’s specific
wood anatomic structure. The main cause of the fast
development of the swelling defects is attributed to the
rapid liquid water transport through the birch wood
vessel system. Therefore, the restriction of water flow
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Figure 1. Development of swelling zone from the damage site on overlaid plywood.
Error bars represent standard deviations.

by filling the vessels with PF resin could be one of the
possibilities to reduce or eliminate the formation of
such aesthetic defects.

To evaluate the possibility of filling birch wood
vessels with PF resin and to estimate the effect of
resin properties on this process, vacuum impregnation
of birch veneers for 10 min was performed. The resin
penetration was evaluated by measuring the weight
percent gain (WPG) of the impregnated birch veneer
and the results are presented in Table 1.

The results show that the resin penetration into
birch veneers is significantly affected by the resin
properties and the largest influence is attributed
to the resin viscosity. By increasing the phenol-
formaldehyde resin temperature by 10 °C, which
resulted in a decrease of resin viscosity by 43%, the
WPG increased twice reaching the average value
of 26.4%. Also, for partly polymerised PF resin the
WPG significantly increased by rising the resin
temperature by 20 °C which caused decrease in resin
viscosity by 47%. Moreover, partial polymerisation
of the resin reduced its ability to penetrate into the
birch veneer. However, it was still possible to achieve
high WPG (34.9%) by increasing the temperature of
the partly polymerised resin. For partly dehydrated

PF resin, the WPG values were the lowest from
all the tested resin types. As the dehydration was
performed in vacuum without increased temperature,
no substantial polymerisation of resin is supposed
to occur. Therefore, inability of partly dehydrated
resin to penetrate into veneer is mainly attributed to
the very high resin viscosity due to reduced water
content. These results suggest that viscosity is highly
important regarding the resin penetration into wood
and therefore should be well analysed. Meijer (2004)
in his review paper concluded that penetration capacity
of coating is mainly attributed to the viscosity, which
is in agreement with the results of the present study.
In addition, he concluded that wetting and surface
tension of the coating seem to play only a minor role.

As previously shown, a partial dehydration of PF
resin can cause a significant increase in resin viscosity
that results in low WPG of the impregnated birch
veneer. Therefore, it is important to determine how
water content of phenol-formaldehyde resin influences
the resin viscosity. The results of the experiment are
presented in Figure 2. The PF resin dehydrated for 4
h is not included in the figure because its viscosity at
20 °C was too high for measuring with the viscometer
used in the study.

Table 1

Effect of phenol-formaldehyde resin properties on resin penetration
in birch veneer by vacuum impregnation

Resin Resin \eneer average weight
Industrial resin type temperature Vviscosity, percent gain after
(T), °C mPa s impregnation, %
Industrial phenol-formaldehyde resin 20 212 13.4 (3.4)
Industrial phenol-formaldehyde resin 30 120 26.4 (4.7)
Partly polymerised phenol-formaldehyde resin 30 180 6.5 (3.8)
Partly polymerised phenol-formaldehyde resin 50 96 34.9 (9.9)
Partly dehydrated (4 h) phenol-formaldehyde resin 65 2600 4.7 (1.6)

Standard deviation in parentheses
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Figure 2. Effect of phenol-formaldehyde resin water content on resin viscosity at 20 °C.
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Figure 3. Water content of phenol-formaldehyde resin after application on plywood surface.
Error bars represent standard deviations.

The results clearly show that water presence in PF
resin is highly important to ensure appropriate resin
viscosity for efficient resin penetration. The resin
viscosity increased more than 20 times when the water
content of the resin was reduced by only 6% (from
48% to 42%). A similar trend has been observed for
urea-formaldehyde and polyvinyl acetate adhesives
(Hass et al., 2012). The results suggest that any loss
of water content of PF resin could be crucial in the
process of filling wood vessels.

By using resin pre-treatment, it is possible that
plywood with low moisture content due to its inherent
hydrophilic nature could remove some of the water
from PF resin before the resin itself can penetrate
into the vessels, which subsequently would result in
higher resin viscosity and hindered penetration into
wood. Therefore, the wood moisture content effect on
removal of water from the PF resin was tested. The
results are presented in Figure 3.

The results show that a significant decrease in
water content of PF resin is noticeable due to wood
ability to absorb water. After 5 min water content

of the resin decreased by 6% and 35%, but after 10
min by 10% and 67% compared to the control for
conditioned (moisture content 9%) and oven pre-
dried (moisture content 3%) plywood, respectively.
In case of oven pre-dried plywood, such changes in
water content of resin can dramatically affect further
resin penetration in wood vessels because of the
enormous increase in resin viscosity. These results
are in accordance with the studies in which similar
tendencies have been established regarding glue and
water-borne paint penetration into wood depending
on the wood moisture content (Hrazsky & Kral, 2007;
Meijer, Thurich, & Militz, 2001).

Several overlaid plywood specimens were
produced and the swelling zone from artificially-
created damage site was measured to test how addition
of PF resin between the plywood surface and PF
impregnated film can affect the average distance of the
swelling zone. The results are presented in Figure 4.

An addition of PF resin significantly reduces the
average swellings zone distance from the damaged site
on the overlaid plywood surface. Moreover, the results
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Figure 4. Effect of phenol-formaldehyde resin pre-treatment and plywood moisture content on reduction of
the average swelling zone distance from the damage site. Error bars represent standard deviations.

Figure 5. Top veneer cross sections of overlaid birch plywood pre-treated with phenol-formaldehyde resin:
a) empty vessel lumens; b) part of vessel lumens filled; ¢) completely filled vessel lumens.

for conditioned plywood with 9% moisture content
were better than for the oven pre-dried plywood with
3% moisture content, which is in accordance with
previously discussed results about the wood ability
to absorb water from PF resin depending on the
wood moisture content. The examination of the top
veneer cross-sections with microscope showed that
the reduction in the average swelling zone distance
is mainly due to PF resin penetration into wood
vessels, which restricts rapid liquid water transport
in top veneer of the overlaid plywood. These results
suggest that for more efficient filling of birch wood
vessels with PF resin and subsequent restriction of
water spreading, the plywood moisture is of a great
importance and the plywood of the highest admissible
moisture content regarding the technological process
should be used in order to ensure top veneer with
reduced water transportation ability.

However, in Figure 5 presented light microscopy
images of specimens prepared from one plywood
sample pre-treated with PF resin show that PF resin
penetration in birch wood vessels can be rather
uneven. The area with all vessel lumens empty (a),
area with only part of lumens filled (b), and the
area with completely filled vessel lumens (c) were
detected even within one specimen in some cases.
The inhomogeneous resin penetration in wood
vessels could be partly attributed to the differences in

wood anatomy (Meijer, 2004). This can account for
only reduction and not complete elimination of fast
water spreading into the top veneer of plywood with
damaged covering film by using the proposed method.

Conclusions

1. The damage of overlaid plywood covering film in
presence of liquid water causes a rapid formation
and spreading of well noticeable swelling zone
and during the first 30 minutes more than 60% of
the total swelling zone is reached.

2. Resin viscosity significantly affect its penetration
ability into veneer. Reduction of the water content
of phenol-formaldehyde resin causes an increase
in viscosity which hinders resin penetration into
wood.

3. The best penetration of the resin into veneer was
achieved for specimens with a higher moisture
content, which is in accordance with the findings
that wood readily absorbs water from resin and the
absorption capacity is inversely related to wood
moisture content.

4. Inthe present study, a method for the enhancement
of covered plywood resistance to rapid local
swelling was developed comprising pre-treatment
of top veneer with phenol-formaldehyde resin
to fill wood vessels followed by hot-pressing of
covering film.
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Abstract

The aim of this research was to study the effect of the stand composition on the density of pine and spruce wood
growing on former arable lands. Sample areas are located in mixed mature pine- and spruce-prevailing stands in
Leningrad region, Russia. For the reliable determination of the basic density of spruce and pine wood, selection of
model trees was carried out and cores were taken. Based on the data obtained from stems of 36 model trees from 3
sample plots, conversion equations were calculated to determine the basic density of wood. The measurements of
the spruce and pine wood density were processed using variational statistics. The results have shown that the pine
forms a more homogeneous wood than the spruce. On former arable lands, spruce has a denser wood than pine under
the same growth conditions. The stand composition has a significant effect on the density of spruce rather than pine.
Key words: former arable land, taxation indicators, stands of spruce and pine, basic density of wood.

Introduction

The quantitative parameters of pine and spruce
stock in plantations growing on postagrogenic lands
have been discussed in a number of publications
(Johansson, 1996; Ruskule et al., 2012; Daugaviete,
2015; 2017; Golubeva, 2015). However, the quality
of pine and spruce wood in the European boreal
zone was studied mainly in stands on forest lands.
A number of works concerned with this subject-
matter were published by authors from Scandinavian
countries (Pikk, 1996; Zianis, 2005; Jyske, 2008).
There are some publications on the quality of wood in
postagrogenic lands in the North-West region of Russia
(Golubeva, Lokhov, & Danilov, 2015). The stands of
pine and spruce growing on the former arable land are
notable for a greater forest yield in comparison with
stands growing on forest lands (Amsrun, 2006). The
quantitative characteristics of these stands have an
impact on the quality characteristics of pine and spruce
wood growing on post-agrogenic soil (Danilov et al.,
2016). The investigations of physical and mechanical
properties of pine and spruce wood growing on fallow
land give various, often contradictory, conclusions
(Tommy6esa, JloxoB, & Hanumnos, 2015). Therefore,
the research in this area is of undoubted interest for
practice and theory of forest environmental research.
Since no studies have been conducted on the quality
of spruce and pine wood for the conditions of the
North-West region of Russia so far, the purpose of the
research was to study the specific features of the pine
and spruce wood density formation in postagrogenic
lands.

Materials and Methods

We have investigated 3 sites in the former arable
lands with a stand of mature mixed trees of spruce
and pine up to 80 — 85 years of age. The subjects of
research are located in the south-west of the Leningrad
Region in the Gatchina District (59°20°07.84”N

30°09°12.35”E / 59°20°17.8”N 30°09°20”E). The
soils represent a degraded agrozem covered with
a humus horizon layer with presence of podsol 10 —
12 cm in thickness formed during formation of forest
community. The underlying bed is a double-layer one,
consisting of a red-colored moraine loam covered
with a sandy loam horizon. The growing conditions of
the region under investigation correspond to the I-la
growth class.

We selected the total of 36 model trees on 3 sample
plots according to the most representative diameter
class of the stands to determine the basic density of
pine and spruce wood. The basic density of wood is a
calculated index that is easily normalized to calculate
the density of wood with any moisture content.
According to the method of Poluboyarinov (1983),
the trunks of model trees were sawn up, the length of
the pieces was 10% of the model tree height. Samples
of wood were taken from each model tree using the
whole cross-cut section of the wood. Another sample
was taken at a height of 1.3 m as the taxation diameter.
The basic density of wood was determined by the
Poluboyarinov (1976) method of maximum moisture
saturation of wood samples (equation 1):

B 1
- m,-m, 1
7_‘_7
m, d

Py
,gcm? ()

where
d — wood substance density 1.53 g cm’?,
m,, — weight of the absolutely wet sample,
m, — weight of the absolutely dry sample.

Further, a conversion equation was composed.
It showed relation between the wood density at the
level of 1.3 m and average density of the trunk wood.
This allows further to use the wood cores taken at
this height to determine the density of the entire trunk
without tree felling and crosscutting.
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Table 1

Average taxation characteristic values of stand of mixed trees of spruce and pine
growing on the postagrogenic soil

Object of research #1 with spruce predominance

Species Content,% A, years D,,cm H_,m M, m?
Spruce 80 80 28.9 28.8 288
Pine 18 85 39.6 284 64
Aspen 1 50 27.9 25.5
Birch 1 60 231 24.2

Object of research #2 with predominance of spruce
Spruce 55 80 27.1 28.2 309
Pine 38 85 35.2 27.8 215
Aspen 5 50 29.3 25.7 27
Birch 2 60 18.0 21.6 14
Object of research #3 with predominance of pine
Spruce 59 85 31.2 27.4 269
Pine 32 80 218 254 148
Aspen 4 50 33.8 26.2 18
Birch 5 60 24.6 24.7 22

Calculation of the average basic density of wood
for the stand consisting of spruce and pine trees was
made as the average weighted value, depending on the
diameter class of trees represented within this stand.

A suite of applied computer programs was used
to detect significant differences. The Statistica 11
program was used for statistical processing.

Results and Discussions

On the basis of the samples selected from the
model trees, the conversion equations (2,3) were
obtained to calculate the basic density of the wood of
the core samples selected by the Pressler’s borer at the
height of 1.3m above soil surface (x) for the entire tree
trunk (y). The calculated equations have a high level
of determination (R?).

for pine: y=1.00x-45.87, R?=0.70 @)

©)

On the basis of the cores of wood selected from
the represented trees according to the stand diameter
class, calculation of the average basic wood density

Jor spruce: y=0.92x+28.22, R?=0.93

according to the diameter class was made. For a
reliable analysis of the wood density, the coefficient
of variation (C) of this index was calculated for
determination of the required number of cores. The
coefficient of variation less than 10% indicates a weak
variability of the characteristic and from 10 to 20%
indicates an average one (4).
C, =0/M + 100%, 4
where M — arithmetic mean value,
o — mean square deviation.

About 6 — 12 measurements by Student t-test with
C, 5 — 11% are required for reliable analyses with
=2.6, p-value=0.9 (Freedman, 2005).

The density of wood is a deterministic feature and
therefore the variability is not high, as data in Table 3
shows.

The variability of spruce wood density was higher
on average than that of pine. Apparently, this can be
explained by a greater representation of spruce trees in
a more extended row by the diameter class than in the
pine part of the stand at the research objects.

ttab le

Table 2

Coefficient of variation of the wood density of pine and spruce trees on the research objects (C,, %)

Species of wood Object 1 Object 2 Obiject 3
Spruce 9 11 6
Pine 6 5 6
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Table 3
Basic density of spruce and pine wood at the research objects (kg m)
Diameter class, cm 12 16 20 24 28 32 36 40 44 48
#1
Spruce 412 397 406 360 356 382 389 436 366 412
448 446 383 356 385 373 360 409/418 341 448
. - - 376 384 413 419 392 387 376 379
Pine - - - - 373 393 374 381 367 387
#2
Spruce 406 462 445 383 408 437 427 - - -
564 407 435 390 449 459 - - - -
Pine - - - 396 348 404 367 377 374 323
- - - 360 381 370 351 380 396 377
#3
414 382 % % 420 446 357 412 - -
Spruce 411 373 399
389 366 282 387 379 - - - - -
Pine 372 356 409 364 358 391 398 372
- - 353 364 404 369 382 366 324 353

For the investigated stands growing on the former
arable land, one can observe an interesting regularity.
The spruces have a higher density of wood than the
pine storey of the stand (Table 3).

It should be noted that according to the different
estimates, a similar pattern has been observed on the
forest lands within the research region (Danilov, 2014;
2016).

However, according to the data of other authors,
the basic density of pine wood is 400 — 412 kg m?®
and the basic density of spruces is 380 — 390 kg m®
(Poluboyarinov, 1976; Smirnov, 2006).

At the same time, studies of the wood density of
pines and spruces carried out in the plantation crop of
pines and spruces located in the former hayfields and
arable lands in the Leningrad and Pskov regions also
showed that the density of wood is higher in spruce
stands (Stepanenko, 2014; Danilov, 2017). This fact
can be considered as demonstration of a different
growth response.

The pines with their pioneering growth strategy
are characterized by an accelerated growth of xylem
thanks to the area of early wood in the annual growth
in these conditions on the former arable lands.

Table 4

ANOVA analysis of the significant difference between wood density of pine and spruce

Dispersion Sum of Degree of Average Agtual Fisher’s Fisl—tre]refs)r\igr?;ce ngcl::e);ﬂg:::?s
squares freedom square variance ratio Fa ratio F,, p=1% probability
For the pine
Total 81311.31 41
Variants 22541.54 2 406.1438 0.987406 5.194413 3.238096
Residual 58769.77 39 411.324
For the spruce
Total 81311.31 49
Variants 22541.54 2 11270.77 9.013581523 5.087373 0.000486
Residual 58769.77 47 1250.421
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The spruces have a more tolerant growth strategy,
the xylem is formed in the areas of early and late
wood in the annual growth. The previous studies have
shown that in the improved conditions of growing or
fertilizing, the pine actively increases the early wood
area in its annual ring, while the spruce increases the
growth of the late wood area in its annual growth
(Danilov, 2012).

The average basic density of the pine wood within
the pine cenosis is 376 — 382 kg m= and in fact the
share of its presence in the stand does not affect this
indicator. Taking into account the predominance of the
spruce in the stand (research object 1), it has a smaller
average basic density for the stand of 393 kg m= in
comparison with the stand with a larger content of
pine, where the spruce wood density is 436 kg m=,

As to the spruce part of the stands, the share of its
presence affects the density of wood significantly that
was confirmed by the ANOVA (analysis of variance)

(Table 4). As to the pine, no statistically significant
difference between these research objects was found.
Thus, the pine forms wood with more uniform density
than the spruce does on the post-acrogenic soil
regardless the stand composition.

Conclusions
According to the results of the study of mixed

spruce and pine stands growing on postagrogenic

lands, the following conclusions can be drawn:

1. The stand content has a significant impact on the
spruce wood density but not on the wood density
of pine.

2. Pine forms wood with a more uniform density on
old-arable lands than spruce does.

3. A denser wood of the spruce is formed on
postagrogenic soil in comparison with the pine in
the same growth conditions.
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Abstract

In this study, antifungal properties of an organoclay additive were investigated. Two types of organoclay (red and
white) were tested in Petri dishes to determine their toxicity against the brown rot fungus Coniophora puteana and
the white rot fungus Trametes versicolor. Red organoclay was more efficient than the white one and, depending on
the fungus, inhibited or stopped the fungal growth. Red organoclay was chosen as an additive to produce a new type
of plywood product. Biological durability of this plywood product was determined according to the methods: NF B
51-295 (bending strength test) and LVS ENV 12038:2002 (mass loss test). The loss in bending strength exceeded
81% and 65% after exposure to brown and white rot fungi, respectively. The mass loss of the plywood product after
the decay test was higher than 3%, which defined the material as not fully resistant against decay fungi. According
to CEN/TS 15083-1:2005, the plywood product corresponded to the durability class 3 (moderately durable) to 5 (not

durable) depending on the fungus.
Key words: plywood, rot fungi, protection, organoclay.

Introduction

The properties of microbial growth inhibition
are among the main tasks while developing new
materials for the building industry. One of the most
promising materials with antimicrobial properties is
clay. It is common all over the world, it is relatively
easy to obtain and has a large relative surface area.
It is also possible to modify clay to improve its
natural properties. All types of antimicrobial clay
are mineralogically different but they all have high
iron content. They contain smectites, biotite, jarosite,
magnetite and other minerals. It is suggested that the
presence of pyrite could be one of the most significant
factors for providing antimicrobial properties for clay,
although not all antimicrobial clays contain pyrites
(Parolo et al., 2011; Williams et al., 2011).

Biodegradation has a big influence on the life cycles
of various materials. It is very important to create
not only recyclable materials but also long-lasting
materials that are resistant against microorganisms.
Among the biggest groups of organisms that degrade
various materials are fungi (Schmidt, 2006; Leja
& Lewandowicz, 2010). Especially vulnerable to
fungal degradation is wood and wood-based products
(Goodell, Nicholas & Schultz,2003). Plywood iswidely
used in furniture production and building construction
for both interior and exterior applications due to better
dimensional stability compared to solid wood. The
properties of plywood are mostly determined by the
quality of veneer layers, their placement, the adhesive
used and the bonding conditions (Youngquist, 1999).
However, the application of plywood in exterior
conditions is limited due to the sensitivity to moisture
and biodegradation (Baileys et al., 2003). It has been
reported that during 24 months of outdoor exposure

several types of impregnated, laminated or natural
plywood made out of birch, okoume and radiata pine
veneers have been resistant against wood decay fungi
(Irbe et al., 2016).

Modification of clay can improve its durability
properties. Cation exchange reactions that allow
various changes of surface activity properties are the
most popular types of modification (Lira et al., 2017;
Parolo et al., 2011). Recently, the antifungal effects of
modified clay against the microscopic fungi Alternaria
alternata and Cladosporium herbatum have been
studied (Lazdina, Obuka, & Nikolajeva, 2017). In
three of the four tested samples, the antimicrobial
activity was observed. The effects of nano-clay on
the biological durability of wood-plastic composites
(WPCs), made from polypropylene and poplar
sawdust, against five important wood-deteriorating
fungi were studied by Bari et al. (2015). It was found
that nano-clay significantly decreased the mass loss of
WPCs by all five fungi tested.

The aim of this study was to determine whether an
organoclay additive has antifungal properties and if it
can be used for protection of birch plywood against
brown and white rot fungi.

Materials and Methods

Two types of organoclay additives (red and white)
were selected for the Petri dish test to determine their
anti-fungal properties. Red and white organoclay had
different mineral compositions and contained an active
ingredient  trimethyloctadecylammonium chloride
(CAS 112-03-8). Both types of organoclay were
added to malt agar culture medium (3% agar, 5% malt
extract) after sterilization in concentrations of 0.2%,
2%, 3%, 4%. Later the Petri dishes with organoclay
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additives were inoculated with the brown rot fungus
Coniophora puteana (Schumacher ex Fries) Karsten
(BAM Ebw. 15) and the white rot fungus Trametes
versicolor (Linnaeus) Quélet (FPRL 40C). Inoculum
in diameter of 10 mm was placed in the centre of
each Petri dish. Radial growth of fungal colonies was
measured within a 25-day period. The percentage of
coverage was compared with control Petri dishes with
no organoclay added. Three replicates were used for
each concentration and control.

The quantitative determination of iron in both
types of organoclay was performed by an atomic
absorption  spectrometer (AAS) contrAA 700
(Analytik Jena AG) according to the standard
LVS ISO 11466:1995. The dried sample was extracted
with a mixture of hydrochloric acid/ nitric acid for
16 h at room temperature, followed by boiling for
2 h. Then, the extractive was diluted with a nitric acid
solution.

Birch plywood with/ without the organoclay
additive was used for biological durability tests
according to the standards NF B 51-295:1980 (bending
strength test) and LVS ENV 12038:2002 (mass loss
test). Only red organoclay was chosen as the additive.
There were two types of plywood: A plywood
without organoclay, glued with phenol-formaldehyde
(PF) resin and laminated with impregnated film;
B plywood glued with PF resin, containing the
organoclay additive (5% of the dry mass of resin)
and laminated with impregnated film, containing the
organoclay additive (12% of the dry mass of the film).

For the standard NF B 51-295:1980, plywood
samples with the sizes of 190 x 15 x 15 mm were
conditioned at the temperature of 20 °C and 65%
relative humidity (RH) and then subjected to ageing
procedures. The evaporation test was done in a wind
tunnel at the temperature of 40 °C and the air flow of
1 m st for four weeks. Afterwards the leaching test
was performed by submerging the samples in distilled
water at 20 °C for one week. After soaking, the
samples were returned to the conditioning chamber
for two weeks until reaching the constant mass. Then,
the samples were sterilized with gamma irradiation of
1.5 Mrad. Two samples were placed in each Roux dish
with the fungi C. puteana and T. versicolor on a malt
agar medium. Control samples were placed in Roux
dishes with the medium but without fungal cultures.
The test lasted for 12 weeks in a cultivation camber at
22 °C and 70% RH. After the test, the samples were
withdrawn from the dishes, brushed free of mycelium
and placed in a conditioning chamber for four weeks
before the bending test. The breaking stress during
bending was determined using a material testing
device Zwick Roell Z010. The distance between the
bending supports was 150 mm. Mean breaking stress
was calculated for each series.

For the standard LVS ENV 12038:2002, plywood
samples with the sizes of 50 x 25 x 15 mm were
subjected to conditioning and ageing procedures
as described earlier. Prior to sterilization, the initial
conditioned mass (m) was determined. Sterilized
samples were placed in Kolle flasks with C. puteana
and T. versicolor cultures. In each Kolle flask, two
samples were placed on glass supports to isolate them
from a direct contact with the mycelium. The test lasted
for 12 weeks in a cultivation chamber at 22 °C and
70% RH. After the test, the samples were withdrawn
from the flasks and brushed free of mycelium. The
wet mass (m,) was determined by weighting each
specimen to the nearest 0.01 g. Samples were held in
a conditioning chamber to regain the constant mass
and then dried in oven at 103 °C for 8 h, and the final
dry mass (m,) was measured. Moisture content (MC)
check specimens were used to determine the oven
dry mass for the test specimens attacked by the fungi.
These MC check specimens were pre-conditioned to
the constant mass and weighted to determine the initial
conditioned mass (m ). They were placed in the oven
for 8 h, cooled to room temperature in desiccators and
weighted to the nearest 0.01 g for the determination of
the oven dry mass (m ). The initial moisture factor ()
was calculated for each MC check specimen by the
following formula (1):

Fi=1-"0" €))
mo
The mean value (F, ) was calculated for each set
of MC check specimens and used to calculate the
oven dry mass (m,) of the equivalent set of the test
specimens, using the following formula (2):

FS X mo =my (2)

The final MC was calculated after the
determination of all masses mentioned above for each
test specimen by expressing its water content (m, m.)
as the percentage of the final dry mass (m,). The mass
loss (ML) of each test specimen was calculated by
expressing the ML (m, m.) as the percentage of the
final dry mass (m,). The mean ML was calculated for
each set of the test specimens exposed to each test
fungus.

The decay susceptibility
calculated as (3):

index (DSI) was

DSI = g X 100 3),
where T is the ML (%) of an individual test specimen
and S is the mean ML (%) of the appropriate set of
control specimens.

DSI values of 100 indicate the same decay
resistance as that of the timber used for the control.
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Figure 1. Effect of organoclay additives on the colony growth of the brown rot fungus C. puteana.
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Figure 2. Effect of organoclay additives on the colony growth of the white rot fungus T. versicolor.

Materials with lower DSI values are more resistant to
the fungal attack.

Virulence control test specimens were used for both
plywood tests pine wood for C. puteana and birch
wood for T. versicolor. Test results are valid if the ML
of virulence control specimens is greater than 20%.

Student’s t-test was used for statistical analysis
with program R (version 3.4.3.) to determine
statistically significant differences between the sets of
the test specimens. The significance level a=0.05 was
used for all tests (R Core Team, 2017; Wickham &
Bryan, 2017).

Results and Discussion

The Petri dish test with the mycelial growth
of the brown rot fungus C. puteana on the medium
containing white organoclay (Fig. 1) showed that
the concentrations of 2%, 3% and 4% stimulated
the fungal growth compared to the control. On the
contrary, red organoclay in all concentrations inhibited
the growth. The highest inhibiting effect was reached
at concentrations of 3% and 4%, when the colony
growth was stopped soon after the inoculation.

Results for the mycelial growth of the white rot
fungus T. versicolor (Fig. 2) indicated that both types
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of organoclay slowed down the growth compared to
the control. Red organoclay showed stronger inhibition
of the growth rate than white clay. However, after 20
days, all Petri dishes with both organoclay additives
were covered with fungal mycelium.

The concentration of iron in both types of
organoclay was determined to observe the possible
toxic effect of the metal on fungal growth. It is known
(Tautkus et al., 2004) that, at low concentrations, iron
plays an important role in metabolic and fermentation
processes as an enzyme activator, a stabilizer and a
functional component of proteins. Above trace levels,
however, iron has other roles. It has been stated that for
all trace elements, including iron, there exists a fairly
narrow concentration level between the essential and
toxic levels.

Our results showed that white and red organoclay
contained 33.4 mg g* (3.34%) and 39.5 mg g?
(3.95%) of iron, respectively. This suggests that the
higher concentration of iron in red organoclay could
cause more pronounced inhibition of fungal growth
than white clay. However, in the case of the white rot
fungus T. versicolor, both types of organoclay could
not be considered as fully toxic as the rate of the
colony growth was restricted but not stopped.

Based on the results of the Petri dish test for
further durability tests, only red organoclay was used
to produce plywood B.

After the bending strength test, the fungi were
well developed on the specimens, which also were
visually degraded. The test results according to the
ML of virulence specimens 36.07% for C. puteana
and 20.80% for T. versicolor were valid. Bending
strength and mean strength ratio (bending strength

expressed as the percentage of the relevant control)
between both types of plywood were very similar
(Table 1). Student’s t-test also showed that there
was no significant difference between the strength of
plywood A and B (0=0.05) exposed to fungi: p=0.83
for C. puteana and p=0.13 for T. versicolor. However,
there was a significant difference between the strength
of the plywood exposed to C. puteana (p<0.001) and
T. versicolor (p=0.004) for both types of plywood.
These results suggest that, although plywood B
contained the organoclay additive in both the PF glue
and the impregnation film, it was not better protected
against fungi than plywood A without the additive.

According to Table 1, the loss in bending strength
after exposure to C. puteana was 81.4% and 81.8%
for plywood A and plywood B, respectively. The loss
in bending strength after exposure to T. versicolor was
65.0% and 71.3% for plywood A and B, respectively.
According to the standard LVS EN 636:2012 for
plywood A and B, the bending strength class had
declined from class F50 to class F3 (9 classes lower)
and F5 (8 classes lower) as a result of the degradation
by brown and white rot fungi, respectively.

Inthe masslosstest, the virulence control specimens
after exposure to C. puteana and T. versicolor had
the ML of 39.5% and 21.3%, respectively, which
confirmed the validity of the test. Test fungi were
well developed, although C. puteana covered all the
surfaces of the test specimens, while T. versicolor
covered the surfaces except the impregnation film.
The MC of plywood specimens was above 25%,
which confirmed the validity of the test (Table 2).
The ML for plywood B was higher than for plywood
A after exposure to both fungi. This difference was

Table 1
Bending strength test results with SD for plywood without (A) and with (B) the organoclay additive
Initial bending Bending strength after Final bending strength: ageing + fungus exposure
strength artificial ageing C. puteana T. versicolor
Plywood
type Mean Mean
Strength, MPa Strength, strength Strength, | Mean _strength Strength, strength
MPa - MPa ratio, % MPa -
ratio, % ratio, %
A 83.9+11.7 372+43 | 443+51 | 69+15 18.6+4.1 13.0+23 | 350%6.2
B 86.5+13.9 369+59 | 427+69 | 6716 182+43 106+1.9 | 28.7%52
Table 2

Mass loss test results with SD for plywood without (A) and with (B) the organoclay additive

- g Specimens exposed to C. puteana Specimens exposed to T. versicolor
ywoo - -
Moisture Mass loss Moisture
type 0 )
yp Mass loss, % content, % DSl % content, % DSl
A 26.0+6.2 357+£12 65.9 10.2+£3.9 339+28 47.6
B 356+21 46.7+25 89.0 11.1+28 348116 52.3

100
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statistically significant only for the test specimens
exposed to attack of C. puteana: p-value was 0.02.
There was a statistically significant difference for ML
between both fungi for both types of plywood. For
both types of plywood, p-value was less than 0.001
when compared the ML between C. puteana and T.
versicolor.

Both plywood types cannot be considered as
fully resistant to attack by fungi as the ML of the
specimens was greater than 3%. Plywood A and B
were more easily degradable by C. puteana. The
higher decay ability of C. puteana was also observed
by more severe degradation of virulence specimens
(pinewood). The higher DSI values confirmed the
lower decay resistance of materials.

According to the durability class (DC) arrangement
according to CEN/TS 15083-1:2005, plywood B can
be placed in DC 3 as moderately durable (ML>10
to<15%) and DC 5 as not durable (ML>30%)
depending on the fungus (Table 2).

Although plywood B contained the organoclay
additive, it was even more degraded than plywood
A. It is suggested that the addition of the organoclay
to the PF glue and the impregnation film of birch
plywood did not provide effective protection against
white and brown rot fungi.

Conclusions

1. In the Petri dish test, red organoclay, depending
on the concentration, inhibited or stopped the
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Abstract

Birch plywood has proved itself to be one of the most rational ways of wood processing. Growing demand of high
performance birch plywood products requires a complex numerical analysis based on Finite Element Method (FEM),
instead of using simple analytical assumptions, which prevent optimization of plywood construction (lay-up). In the
research samples of birch plywood of several thicknesses, both sanded and non-sanded, with fiber direction of external
veneer both in the longitudinal and transverse directions were tested. An extensometer and optical strain gauge were
used for strain measurement. The FEM analysis, using commercial software SolidWorks Simulation Premium (SW),
versus experimental bending and tension testing according to LVS EN 789 was carried out in this paper.

The analysis of results indicates that there is a high correlation between the results of the experiments and the FEM.
Particularly for in tension loaded specimens one can be tested up to the maximum ply strength (100 MPa); meanwhile,
in bending up to 71MPa - the average stress in load bearing ply at the proportionality limit. Due to software restrictions,
shear stresses cannot be evaluated. Future studies are considered to investigate terms for designing plywood with

dynamic properties of strength and stiffness to be taken into account.
Key words: plywood, modulus of elasticity, tension, bending, shear.

Introduction

Birch (Betula sp.) is species of wood typically
found in Eurasia and a second widespread breed
in Latvia, reaching 30.9% (Latvian Forest Sector,
2017). Birch is considered as hardwood and has
excellent mechanical properties due to which it has
a huge economical potential. Nowadays birch is also
one of the main species (38%) used for afforestation
of former agricultural lands (Jansons et al., 2011).
Furthermore, the gain of birch plantations might be
substantially improved by breeding (Zeltins et al.,
2018) to satisfy a growing demand for birch products
like lumber, sawn timber and plywood.

Plywood is considered a layered cross-ply
unidirectional fiber reinforced composite produced
from veneers with a fiber direction perpendicular
to each other. A typical usage of birch plywood is
found in automotive (trailer floors, wall linings) and
construction industry (concrete formworks). Plywood
is also used for yacht building, as insulation panels
in liquid natural gas tankers, furniture, builders’
carpentry and joinery and many others. In automotive,
yacht building and sea transport industry analytical
calculations of plywood load bearing capacity and
stiffness must be carried out.

Common praxis is to use simple analytical
assumptions in design of plywood or plywood
constructions. Unfortunately, the use of such a method
restricts application of plywood as a contemporary
construction material, prevents optimization of its
construction (lay-up) and evaluation of stresses
in the material at complex stress states. Computer
simulations based on the finite element method (FEM)
are now fundamental design practices in a number

of high performance industries like aerospace and
aviation. Meanwhile, other industries are beginning
to evaluate the benefits of FEM analysis and use it to
develop innovative solutions.

To develop a reliable design method using FEM,
it is necessary to determine characteristics of plywood
experimentally and validate FEM design guidelines.
In the research samples of birch plywood of several
thicknesses, sanded and non-sanded, with the fiber
direction of external veneer in the longitudinal and
transverse directions were tested. Tensile and bending
tests were conducted according to LVS EN 789. Both
the extensometer and optical strain gauge were used
for strain measurement. The shear modulus and the
global elastic modulus in bending were calculated in
accordance with LVS EN 408. Analysis and validation
of the obtained data indicate that there is a correlation
between the results of the experiments and the FEM.

This paper presents validation of FEM design
method versus experimental bending and tension
testing for birch plywood in commercial software
SolidWorks.

Materials and Methods
In order to elaborate the FEM design method, the
analysis was performed for all panel thicknesses in the
range from 4 to 50 mm manufactured from birch and
glued with phenol formaldehyde resin. Restrictions
for thickness analysis:
e All veneers including outer plies before sanding
must be of the same thickness;
e Thickness of plywood made from virtual plies must
be as close as possible to the average thickness of
actual product in a range as wide as possible.
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The following assumptions are made:

e Mechanical properties of layers in same direction
are identical;

A glue layer between plies is omitted;

Sanding is symmetric from both sides;

Only variable to comprehend actual thickness for

particular specimen is sanding depth.

Modeling plywood with a different ply thickness
and sanding depth showed that the ply thickness 1.43
mm and sanding depth 0.4 mm from each side show
the most adequate correlation between actual and
virtual models in the widest range. Table 1 shows
thicknesses and lay-ups of test specimens used in the
FEM method validation.

Table 1
Lay-up and average thickness of specimens

Thlcl_mess Thickness for
for virtual | . .
Designation Lay-u testin virtual testing
g y-up g (non-sanded)
(sanded) (mm)
(mm)
12-0 1-1-1-1-1 12.07 12.87
12-90 -I-1-1-1- 12.07 12.87
18-0 1-1-1-1-1-1-1 17.79 18.59
18-90 -1-1-1-1-1-1- 17.79 18.59

SolidWorks Premium (Service pack 4.1; Dassault
Systemes, 2017) with Simulation Premium package
(2017) was used for virtual testing. Plywood is
modeled as solid consisting of bodies which represent
mechanical properties of ply (table 2) (Labans et
al., 2017). The material is linear elastic orthotropic,
contact type between plies is ‘bonded’- no slippage or
delamination, entities behave as if they were welded
(‘Bonded contact’, 2017). Solid mesh is ‘compatible’-
the program merges coincident nodes along the
interface (‘Compatible’, 2017).

Table 2
Mechanical properties of birch ply

Property Value
Longitudinal modulus 17 GPa
Transverse modulus 0.5 GPa
Shear modulus 0.7 GPa
Poisson’s ration 0.35
Poisson’s ration 0.01
Longitudinal strength 100 MPa
Transverse strength 4 MPa

Eighty eight (8 groups, 11 specimen in series)
tensile test and forty eight (8 groups, 6 specimen in

series) bending test specimens from birch plywood
were manufactured. Samples were cut from various
panels. Specimens cut from the same panel were
marked. Tensile and bending tests were conducted
according to LVS EN 789. A contact extensometer
was used in tensile tests to measure displacement
of both outer layers, measuring the span 100 mm,
an extensometer was placed symmetrically in the
middle. During the test outer plies of specimen are
clamped with hydraulic jaws. Authors are concerned
that especially for plywood with load bearing outer
plies direct contact with jaws could cause inaccuracy
in measurements and furthermore in calculations of
modulus of elasticity. Hypothesis is put forward that
outer plies deform more than core plies. Figure 1
shows a possible distribution of displacement through
thickness. Optical strain gauge with tracking points
on core plies was used in order to estimate difference
between ply displacements along the thickness of the

|
m |

1/ ¥\

Figure 1. Distribution of displacement through
thickness in tensile test.

(1 - jaws; 2 — test specimen).

In four-point bending test specimen dimensions are
dependent on thickness. The span length is calculated
according to the nominal thickness regardless of the
surface condition. For samples with the nominal
thickness 12 mm span length is 684 mm and the
overall sample length is 884 mm, for samples with the
nominal thickness 18 mm — 876 mm and 1,076 mm.
The distance between loading points is 300 mm.

During the test the local deflection on the
compression side of panel (top) and the global
deflection on the tension side of panel (bottom)
of bending was measured with two high precision
plunger type extensometers located in the middle of
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the span. The local modulus of elasticity in bending
was calculated according to LVS EN 789. The global
modulus of elasticity in bending was calculated
according to LV'S EN 408. Values calculated according
to LVS EN 408 cannot be used for calculations of
characteristic values. Shear deformation of the layers
in the vicinity of the support was measured according
to LVS EN 408 shear field test method as it allows
collecting all the necessary data together with the
determination of the bending strength and global
modulus of elasticity. LVS EN 789, in contrast,
requires special specimens and loading equipment.
Optical strain gauge with four tracking points
forming a square was used for the shear deformation
measurement (Figure 2).

Figure 2. Four-point bending test arrangement with
shear deformation measuring.
(1 - test specimen; 2 — loading bars; 3 — optical strain gauge;
4 — vision field of camera; 5 — support bars; 6 — tracking
points).

Attempts were made to measure the permanent
deformation to determine the limit of elasticity. An
optical strain gauge with one tracking point in the
middle of the span was used to obtain a deflection-
force curve during relief of the specimen.

Statistical processing of obtained data was
performed, the modulus of elasticity in tension and
bending was calculated as well as a planar shear
modulus in bending. A virtual testing of specimens
with the same geometric parameters was carried out.
Strain-stress curves were plotted to validate numerical
results with experimental.

Results and Discussion
Obtained numerical calculations and experimental
results are in a good agreement confirming that input

values for the ply thickness and mechanical properties
describe birch plywood under bending and tensile
loads relatively well.

The rupture in tension for almost all specimens
regardless of fiber orientation in the outer ply
happened along the line where a fillet started. A minor
part of specimens ruptured in the uniform stress zone.
The rupture near jaws or in the fillet zone was not
observed. The stress concentrator in exactly the same
place can be seen in FEM model (Figure 3). 12mm-
0-unsanded maximum stress in ply reaches 125 MPa,
while the average stress across the cross section of ply
is 103 MPa. The average stress in the vicinity of fillet
is equal with the average stress in the uniform stress
zone.

Figure 3. Stress distribution in FEM model.

(1 - non load bearing veneer; 2 — load bearing veneer; 3 —
fillet starting zone).

Strain measurement parameters used in the
experiment were reproduced in a virtual test with
tracking points on outer surfaces. LVS EN 1058 allows
using mean values of modulus of elasticity from
series as a characteristic value. The mean thickness of
plywood will be used for the FEM method validation.
Figure 4 shows an example of the load-deflection
curve obtained from the test and virtual test. It is
clearly visible that the load-elongation curve is linear
up to the rupture. Summary of test results for all
specimen groups are shown in Table 3 and Table 4.

Capturing of individual ply displacement is
continued up to the rupture. Regardless of the surface
condition of outer ply — sanded or non-sanded, with
fiber direction parallel or perpendicular, it deforms
more than core plies. The hypothesis is partly
confirmed. There is a noticeable difference between
strains among plies. The summary of results for
specimen groups is shown in Table 5.

Results indicate that thicker panels are having
bigger differences in the outer and core ply strain. 12
mm panels regardless of surface condition of the outer
ply — sanded or non-sanded, with a fiber direction
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Figure 4. Load-elongation curve for 12mm-0-unsanded plywood.

Results of tensile test

Table 3

Average | Standard . Allowable Tension strength Ave_r age Max stress in
. L Min - stress in load -

Specimen stress deviation | CV stress design stress (Plywood bearing pl load bearing

designation | Oavg S (%) (MPa) Oavg — 2 * s | Handbook, 2017) from %\?\/y ply from SW
(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

12mm-0- 58.7 5.6 9.5 | 505 47.6 43.3 103 125
unsanded
12mm-90- 53.3 5.0 9.4 | 457 43.3 34.7 115 136
unsanded
12mm-0- 50.5 8.5 16.8 | 40.3 335 41.6 93.5 113
sanded
12mm-90- 57.6 15 2.6 | 56.6 54.6 36.4 117 139
sanded*
18mm-0- 55.8 51 9.2 | 485 455 42.0 106 129
unsanded
18mm-90- 44.0 0.9 2.0 | 430 422 36.0 92 109
unsanded*
18mm-0- 57.3 3.9 6.9 | 52.2 49.4 40.8 107 130
sanded
18mm-90- 49.9 5.0 10.0 | 416 39.9 37.2 100 119
sanded

*Samples taken out of stress analysis due to errors. Remaining samples are from the same panel.

parallel or perpendicular got the average disparity of
0.0005 mm/mm, meanwhile 18 mm panels 0.0011
mm/mm. The difference of plywood panels thickness
used in tests is 1.5 times, but the difference of average
disparity — 2.2.

Due to restrains in testing equipment and large
deflections of specimen, it was impossible to evaluate
the bending failure strength. Therefore, specimens
were tested only up to the maximum deflection
possible in the testing set-up. The global and local
modulus of elasticity in bending was calculated.
Permanent deformation was observed. Four out of

six specimens in series were used to evaluate shear
modulus in the shear field (LVS, 2011), two were used
for the measurement of permanent deformation.
Results shown in Table 6 prove that the shear field
test method developed for structural and laminated
timber can be used for the shear deformation
measurement also for wooden cross-ply — plywood.
Unfortunately,  interlaminar ~ shear  stress
components do not apply for bodies defined as
orthotropic materials ( ‘Composite Laminate’,2017) for
current SolidWorks Simulation Professional license,
values obtained from the ply relative displacement
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Results of tensile test

Table 4

Average Min Max Elastic Elastic modulus
Specimen modu!u_s of modu!u_s of modul_u_s of | modulus (Et;SW/Et;avg) -1 in tension
designation elasticity elasticity elasticity | from SW . (Plywood
t;avg Et.min Etmax Er.sw (%) Handbook,
(MPa) (MPa) (MPa) (MPa) 2017) (MPa)
12mm-0-unsanded 10615 9699 11250 9712 -8.5 10000
12mm-90-unsanded 8881 7777 10639 7838 -11.7 8000
12mm-0-sanded 9108 7625 10113 9182 0.8 9600
12mm-90-sanded 8168 6788 10193 8342 22 8400
18mm-0-unsanded 9789 9231 10326 9000 -8.1 9692
18mm-90-unsanded 8753 7919 10163 8148 -6.9 8308
18mm-0-sanded 10554 9416 12260 9095 -13.8 9409
18mm-90-sanded 8846 8058 10163 8458 4.4 8591
Table 5
Strain at rupture among plies
Specimen designation Average strain of core ply Average strain of outer ply Average strain SW
12mm-0-unsanded 0.0062 0.0067 0.0064
12mm-90-unsanded 0.0069 0.0075 0.0068
12mm-0-sanded 0.0057 0.0062 0.0055
12mm-90-sanded* - - 0.0069
18mm-0-unsanded 0.0054 0.0066 0.0062
18mm-90-unsanded* - - 0.0054
18mm-0-sanded 0.0050 0.0059 0.0063
18mm-90-sanded 0.0056 0.0069 0.0059

test in tension and shear field test in bending cannot
be validated. Lack of shear deformation will cause an
inaccuracy in measurements for thick plywood panels.

Figure 5 shows an example of load-deflection
curve obtained from the test. It is clearly visible that a
load-elongation curve is linear up to the proportional
limit, followed by the non-linear stiffness decrease.

Linear approximation is used to approximate elastic
modulus in bending after the proportional limit. Elastic
deformation is calculated according to formula:

We = Wtot — Wperm, Q)
where: — total deflection (mm), — permanent
deformation.

Table 6

Planar shear modulus

Specimen designation Plangr shear modulus Planar shear modulus
tor,s (MPa) (Plywood Handbook, 2017) (MPa)
12mm-0-unsanded 240 192
12mm-90-unsanded 198 149
12mm-0-sanded 140 190
12mm-90-sanded 171 156
18mm-0-unsanded 184 192
18mm-90-unsanded 242 162
18mm-0-sanded 174 189
18mm-90-sanded 182 168
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Figure 5. Load-deflection curve for the 12mm-0-unsanded plywood.
Table 7
Results of four-point bending test
oAf"eelr :gtfcri‘t‘oiu"t*g g"g{ a""sgtfc'i?oi“'fg Elastic Elastic modulus in
Specimen fcity up & Iy upto 1 oy o ulus from (Ep;sw/Ep;avg) | bending (Plywood
. . proportional limit | proportional limit
designation E - SW Ey.onr (%) Handbook, 2017)
b;avg with shear Ej, ;.q,g (MPé) (MPa)
(MPa) (MPa)
12mm-0-unsanded 11762 12072 11444 -2.7 11975
12mm-90-unsanded 6340 6464 6093 -3.9 6025
12mm-0-sanded 10423 10874 10426 0.0 11026
12mm-90-sanded 8372 8496 7280 -13.0 6974
18mm-0-unsanded 10888 11692 10332 -5.1 11069
18mm-90-unsanded 7276 7375 6648 -8.6 6931
18mm-0-sanded 10097 10454 9470 -6.2 10335
18mm-90-sanded 8156 8472 7532 -7.6 7665
Table 8
Results of four-point bending test
. Average modulus of elasticity | Average stress in outer load bearing E! E -1
digfcrllglfgn after proportional limit Ej,_,,,, | ply at proportional limit from SW (Ebiavg/ Epsavg)

g (MPa) (MPa) (%)
12mm-0-unsanded 7265 74.4 -38.2
12mm-90-unsanded 3655 75.2 -42.3
12mm-0-sanded 6303 70.4 -39.5
12mm-90-sanded 5057 74.0 -39.6
18mm-0-unsanded 5542 72.3 -49.1
18mm-90-unsanded 3791 67.8 -47.9
18mm-0-sanded 6026 68.3 -40.3
18mm-90-sanded 3751 64.2 -54.0
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From the relief curve it is visible that if it cannot
be approximated with the line parallel to loading up to
the proportional limit, bending has caused a damage
in the material. Stiffness degradation has happened.
The summary of test results for all specimen groups
are shown in Table 7 and Table 8. As there are no
shear deformations in SolidWorks, global modulus of
elasticity in bending for the FEM method validation
will be calculated with the infinite shear modulus
(LVS, 2011). Deflection measurement parameters
used in the experiment were reproduced in the virtual
test with tracking points on outer surfaces. Figure 6
shows the stress distribution in test specimen. As
expected, there is an equal and truly uniform stress
zone between lines where the load is applied on a
tension and compression side. Modulus of elasticity
is strongly dependent on the thickness because in
calculations it is in third order. For this reason virtual
tests were carried out for every particular specimen,
with adapted sanding depth to match thickness with
corresponding test sample, only then mean values
were calculated.

Figure 6. Stress distribution in bending for 12mm-0-
unsanded plywood.

Results of tensile and bending tests show that
elastic modulus obtained from SW is 6.1% smaller
than the one obtained from the experiment. It means
that actual deformations of plywood or its structures
will be smaller than calculated. The average stress
in the outer load bearing ply at the proportional limit
from SW bending test simulations is 70.8 MPa. After
that point -43.9% average decrease of modulus of
elasticity in bending is predicted. According to the
research protocol of VTT, the mean tension strength

References

of ply is 109 MPa, the characteristic value is 78 MPa.
These values correlate with ones obtained from the
experiment and virtual test — 104 MPa and 87 MPa
respectively, although the average maximum stress in
load bearing ply is 125 MPa.

Deformations in tensile tests are very small,
thus hard to measure. The deflection in bending is
roughly 15-20 times absolute elongation in tension,
thus easy to measure. A small error in measuring
deflection does not cause a significant error in
calculations. The problem in tension is that the outer
fiber is responsible for the relative deformation of the
outer layers. The more sanded the ply is, the more
disperse measurements it can cause. Also, a direct
contact with jaws of loading equipment for plywood
with load bearing outer plies causes an inaccuracy
in measurements and furthermore in calculations of
modulus of elasticity.

Conclusions

1. The FEM design method elaborated and validated
in this paper can be used for virtual testing of birch
plywood in SW environment ( in bending tests, in
tension tests), although for bending tests model
used here is valid only for linearly elastic region
up to the proportionality limit.

2. More tests need to be performed to evaluate
modulus of elasticity in tension with through pins
and optical strain gauge. Bending experiments
from proportional limit up to the rupture need
to be conducted, as well as the appearance of
stiffness degradation in the elastic region must be
investigated. A decrease of stiffness and strength
must be evaluated with cyclic loading tests.

3. Simple analytical assumptions can be used for
basic calculations, but when stress concentrators,
large displacements and complex stress states arise,
the FEM design method must be used instead.
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Abstract

Green infrastructure (GI) is a strategically planned network of high quality natural and semi-natural areas and
provides a range of ecosystem services and protects biodiversity in urban settings. It is very important to increase
understanding of the role of GI from a scientific and a socio-economic perspective. The main goal was to understand
and assess the ways that tourists use from experiencing urban green infrastructure in the cities they visit. An interview
questionnaire survey took place among tourists of the following countries and cities: Latvia (Riga and Jelgava) and
Portugal (Lisbon and Faro). The questionnaire includes perception, psychological aspects and preferences, behavior
and activities and general questions as well as biographical information about tourists. The study represents that no
significant differences have been found between respondent groups in Latvia and Portugal. The results of the survey
show that in future there is a need to improve the linkage between G and social-cultural activities in cities. Therefore,
studies for tourists’ perceptions, preferences and uses of GI will provide the alternative management approaches for

urban planning and tourism development in future.

Key words: green infrastructure, urban ecosystem, tourism.

Introduction

Over the last few decades the concept of green
infrastructure (further — GI) has been popularized and
integrated in urban planning documents, guidelines
and its impact on development of tourism and
residents have been analyzed. Gl is a planned network
of highly developed built and natural environments
to facilitate clean air and water, carbon sequestration,
pollination, preventing of floods and soil erosion
etc. thus protecting biodiversity in urban settings. It
also includes all green (parks, private gardens,
agricultural fields, hedges, trees, woodlands and
forests, green roofs, green walls etc.) and blue
(freshwater, coastal and marine areas) spaces in and
around our towns and cities (European Comission,
2013). Urban green spaces are providers of aesthetic
images to cities by expressing values, beliefs and
cultural trends in urban societies (James et al., 2009;
Madureira et al., 2015).

In European cities, the idea of nature as a part of the
infrastructure has long traditions from the start of the
development of civilization (Cekule, 2010). The roles
of urban green spaces vary widely with European cities
and towns due to the differences in their environmental
and socio-cultural backgrounds. A lot of common
features can be found in the North European forest
culture - particularly - in the eastern Baltic countries
and Fennoscandia where this similarity is observed by
the fact that forest is an important element of daily
lives, it plays an important role in national economies,
and it is a major element of the landscape (Tyrvdinen
et al., 2006; Bell, 2008). Green zones contribute to
the recreational and aesthetic values and they are
traditionally important (Gunnarsson & @hrstroom,
2007; Jim & Chen, 2008). Urban forests differ in
central Europe where land conversion processes have

been profound. In Latvia, like in other countries of
northern Europe, the human footprint on nature in
the 20" century and the subsequent alienation between
people and nature did not have a very significant
impact compared to other parts of Europe (Jankovska
et al.,, 2014). Gl is known to provide a range of
ecosystem services; therefore, greater attention should
be paid to the integration of the obtained ecological,
economic and social benefits, particularly with regard
to addressing the climate change issues (Elbakidze et
al., 2018). It is very important to raise the awareness of
the role of GI from a scientific and a socio-economic
perspective and implement Gl approaches with an
emphasis on linking the environmental and social
services. The main goal of the study was to understand
and assess the ways the tourists use from experiencing
urban green infrastructure in the cities they visit. The
research hypothesis was the following: tourists are not
much influenced by the presence of GI in their choice
of destination.

Materials and Methods

This cross-cultural comparative research in Latvia
and Portugal was carried out during the spring of
2015 with the task of collecting and analyzing data
on tourists’ uses of urban GIl. The data from Portugal
was collected by financial support from Cost action
FP1204 Green Infrastructure approach: linking
environmental with social aspects in studying
and managing urban forests (Mietule, 2015). An
interview questionnaire was prepared to clarify how
the tourists perceive and use Gl in the cities they have
chosen to visit. The tourists of the following countries
and cities (scale: one large and one medium): Latvia
(Riga and Jelgava) and Portugal (Lisbon and Faro)
were surveyed (Figure 1).
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Figure 1. The study sites (source: www.googlemaps.com).

The study sites — Riga and Jelgava are located
in Central part of Latvia. The territory of Riga is
307.17 km?, where green areas are approximately
28.0%, water ecosystems 15.6%, and grey
infrastructure (houses, buildings etc.) — 56.4% (Riga
today, 2018). Jelgava is located in central-south of
Latvia, its territory is 62.32 km2. Green areas cover
approximately 24% of the territory (Jelgava in short,
2018). Other two study sites in Portugal are located in
Lisbon (Lisbon metropolitan area is 3015.24 km?2) and
Faro (202.57 km?). The marine climate is dominated
by relatively hot summers and moist winter conditions
with high precipitation (All about Portugal, 2017).
All selected cities are urban tourism destinations.
Moreover, one of them is the capital of the country.
The main forms of tourism in Latvia’s cities are
architecture and culture, natural resources, sport and
spa/ health, festivals and business, but in Portugal’s
cities — natural and cultural heritage, sea-sun and
sports, business and cruise.

The questionnaire includes 28 questions,
divided into five sections, related to: 1) perception;
2) psychological aspects and preferences; 3) behavior
and activities; 4) general understanding of how tourists
use Gl in the city, what kinds of Gl tourists like, how
tourists prefer to use Gl (open-ended types), and to what
extent Gl plays a role in tourists’ choice of the cities to
be visited (different categories were used: ‘important’,
‘slightly important’, ‘irrelevant’, ‘not important’ and
‘do not know”) and 5) biographical information about
tourists (Terkenli et al., 2017). The questionnaire
combines closed (yes/no, multiple-choice) and open-
ended questions to investigate various dimensions
of respondents’ views (Tomicéevi¢, 2005). In total,

approximately 50 questionnaires were completed for
each study city, in total 200 respondents. Only foreign
tourists were interviewed. Approximately 95% of them
were from European countries, many of them came from
neighboring countries. Socio-demographic parameters
of respondents: 1) gender: female — 50%, male — 50%;
2) age: >25 years — 30%, 25-45 years — 47%, 45-65
years — 17%, <65 years — 6%. The respondents from the
group <65 years have had difficulties to communicate
in English language; therefore, the proportion is low.
The data were obtained in face-to-face interviews, and
for the analysis descriptive statistics and correlation
methods were used (Arhipova & Balina, 2006).

Results and Discussion

In total, regarding the perception questions, the
opinion in both countries was similar (Figure 2). The
respondents in Riga described Gl as territories of all
green areas in the cities: urban forests, parks, squares,
single trees and flower beds. Regarding perception
questions, the majority of respondents perceived that
Gl should function for healthy living and this is the way
of making a city more sustainable. Also, respondents
from Jelgava acknowledged the correlation between
Gl and ecology issues. Other desirable Gl things for
respondents from Jelgava were green urban planning,
proportional plan of parks and small green areas all
around the city. However, Gl represents the use of the
natural space and the human space in symbiosis with
landscape, enlightening that it is simply impossible
to build a normal urban area without Gl. Tourists in
Lisbon identified green areas, parks and trees as the
most characterized sites of GIl. These respondents
also suggested that Gl improves water cycle, power
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Figure 2. Most relevant green infrastructure sites for respondents in different cities.

saving and protects buildings. Also, respondents in
Faro agreed that Gl associates with plants and green
spaces in urban area or zones related to nature, which
preserves the urban environment from transport
pollution. Also, similar associations with GI have
been found in other countries, for example, Germany,
United Kingdom, Austria, Italy, Netherlands,
Belgium, Latvia and France (Cekstere & Osvalde,
2013; Konijnendijk, 2008; Jankovska, Straupe, &
Panagopoulos, 2010). Respondents in Latvia stated
that most important Gl sites were parks (51%) and
urban forests (18%). These findings are partly in line
with those reported by Tyrvéinen et al. (2006) who
highlight the traditional importance of recreational
and aesthetic aspects of urban forest, especially in the
Nordic countries. As the forest is a major element of the
landscape, it is essential in the national economy and
peoples’ everyday activities. However, the differences
were observed in Portugal, where respondents prefer
ecological corridors — tree, shrub or vascular plant
lines or alleys, which improve the quality of urban
landscape and its spatial structure. Also, respondents
in Portugal argued that the distance between two
recreational zones was more significant. This factor is
explained by climatic conditions, for example, milder
climate, low precipitation and average temperature.

The studies in other countries show that most
tourists were familiar with the benefits of having
urban forests in their preferred destination to enhance
the enjoyment. City developers and urban forest
managers of USA cities are constantly monitoring
the condition of their urban forests, and this study
provides feedback on how the visitors visualize urban
forests to be structured (Andrada & Deng, 2010).

The psychological preferences between cities
varied due to different age groups. The respondents
aged 45 and older preferred spending time in parks,
but younger respondents chose various Gl sites. This

is explained by the fact that older respondents prefer
light recreation activities on trails and paths. Nature of
Gl and landscape were the main factors determining
its perceived value and suitability for recreational
purposes. Each person’s individual value of a forest
used for these purposes is based on their conception of
the beauty of the place and personal emotional longings
(Gobster, 1996). Several studies show that climatic
factors, accessibility, water resources and recreational
facilities are significant. The most of visitors prefer
outdoor recreation places which are near the water
sources (Eskandari & Ghadikolaei, 2013).

The majority of the respondents (78%) referred
Gl as somewhat important for visiting a city (Figure
3). The tourism destination to Riga has been probably
linked with different values. A similar study shows
that GI has influenced the final destination of travel
where only 11% of respondents were seeking for high
valuable sites of GlI, but 36% — the choice was not
related to Gl at all. Examples of cities with famous
green areas (New York’s Central Park, Hyde Park in
London etc.) illustrate how GI can play a significant
role in attracting tourists (Konijnendijk, 2008).

Regarding the behavior and range of activities,
they also reflected how important GI is and how it is
understood in relation to tourists’ actual use of Gl and
their plans to use it when visiting the cities as tourists
(Figure 4). Most of the respondents declared that they
use Gl for walking (46%) while fewer visitors use it
for other types of activities, such as taking pictures
(25%), picnicking (17%) and jogging (5%).

The results also showed that during their trips
more than half of respondents (60%) plan to spend
1-2 hours in Gl of cities, 21% of respondents — more
time (2-5 hours), but ~ 14% of respondents would
spend only a few minutes and 4% — 5-10 hours there
(Figure 5). Thus, GI apparently represents a significant
component of urban territories visited by tourists.
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Figure 3. The respondents’ attitude toward green infrastructure value in different cities.

Figure 4. The respondents’ attitude to recreational benefits of green infrastructure in different cities.

Figure 5. Duration of a typical green infrastructure site visit in different cities.
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Respondents from Latvia showed greater interest
in urban Gl than those from Portugal. However,
analyzing the data of socio-demographics, a
positive correlation between intention and interest in
GI (p=0.000) was found, which confirms that
the more one is interested in GI, the higher the
intention to use it. Although this study suggests if an
individual has more interest in GlI, he/ she will tend
to pay for it, since the higher socio economic status,
the more one is willing to pay for the use of Gl
(Terkenli et al., 2017), no significant correlations
were observed between the status of the visitors and
their readiness to pay for Gl services. Likewise, no
correlation was found between the city’s geographic
location and the tourists’ willingness to pay for these
services. The intention to use Gl was the highest
among the tourists travelling with friends, who also
were reluctant to pay for services — while families
showed a pronounced willingness to do it, but a low
intention to visit them in the first place (Terkenli
et al., 2017).

Asimilar study shows that respondent groups ‘with
higher and secondary education’ expected to prefer
those landscapes which have greater ecological and
aesthetical value as well as higher biological diversity.
Since ecological factors and social preferences of
landscape are highly important, both of them can
be integrated in the process of management, thus
promoting natural succession processes, economical
effectiveness, and the use of them by visitors
(Jankovska et al., 2014).

Conclusions

1. GI fulfills similar quality values in elsewhere;
therefore, this study represents that no significant
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Abstract

The aim of research was to determine peculiarities of relations between mature layer of the stand with distribution of
spruce (Picea abies. Kr.) regeneration according phenology forms and growth specifics.

The study examined the success of the resumption of spruce in the Leningrad region under the canopy of the
parent stand. In stands with different share of spruce and in various forest-typological conditions, the features of
the relationship between the maternal canopy of the stand, the distribution of the natural resumption of spruce by
phenological forms and its course of growth were investigated. The account of the undergrowth was carried out by
two methods: continuous reading and selective-statistical method.

Regardless of the state of viability of spruce undergrowth, the increase in success of regeneration goes from a late
vegetation season growth start form to an early one. Under the canopy of the maternal tree stand, young spruce of the
early form has the best growth and development indices. In general, under the canopy of spruce stands, the annual
height increment in spruce undergrowth, regardless of the phenological structure, the size categories and the state of
viability, is greater than under the canopy of pine, pine-spruce and birch-spruce stands. The best characteristics of
spruce undergrowth, regardless of phenological forms in vaccinio-myrtillo-pinetum type of forest. When analyzing
the characteristics of spruce undergrowth under the canopy of the stand, taking into account the phenological
and altitudinal structure, and the state of viability, it was revealed that at the average age prevailing in the spruce
undergrowth of the transitional form, the best parameters of growth have small and medium forms and growth in the
early form.

Analyzing the characteristics of spruce undergrowth under the canopy of the stand, taking into account the
phenological and height structure, as well as vitality status, it was revealed that at average age, dominating for the
spruce undergrowth of transitional form, the best parameters of small and medium groups of undergrowth has early
vegetation season growth start form. The best parameters of the growth have a large group of undergrowth of late

vegetation season growth start form.

Key words: young growth of spruce, phenological forms, the composition of the stand.

Introduction

There are many morphologic, phenological and
other forms of spruce (Munch, 1923; Barton, 1988;
Holzer & Schultze, 1988; Rohmeder, 1952; 1963;
Akakiev, 1960; Ronis & \everis, 1964; Martynov
et al., 1994). The singling out of these forms is
essential to forestry and selection (Alekseev, 1974;
Kharitonov, 1937; Golikov, 2007). Spruce has three
phenological forms: early start of vegetation season,
transitional and late start of vegetation season.
The basic difference among them lies in start dates
of vegetation. In its turn, the economic value of
singling out the phenological forms is associated
with differences in the rapidity of their growth and
in the length of vegetation period. For some authors,
the phenological structure of spruce undergrowth
is genetically conditioned (Golikov, 2007; Popov
et al., 1985). According to others, the phenological
structure of spruce undergrowth is influenced by
environmental conditions: the degree of luminance,
thermal regime, growing season length, site class and
others (Tarkhanov & Shchekalev, 2007; Krasnobaeva,
2013; Belyaeva, 2013). Some researchers believe that
the average height increment in different phenological

forms is the same. Some have arrived at a conclusion
that spruces coming out early have a greater increment
in height than spruces coming out late (Milyutin, 1963;
Milenin & Arbuzov, 2011; Makarov & Druzhinin,
2013). Acknowledgement of the fact that phenological
forms of spruce growing differently can be found in
a research work by V.Ya. Popov et al. (1985), P.G.
Melnik and S.M. Savistin (1995) take the view that
the growth course of spruce’s different phenological
forms depends largely on weather conditions in a
specific year. A.M. Paltsev (1986) came to similar
results when considering geocultures of spruce. S.N.
Tarkhanov (2007) reported on the different growth of
phenological forms of fir spruce in individual years.
It is also reported on differences in productivity of
various phenological forms of spruce in its different
distribution areas (Ronis & Veveris, 1964; Melnik &
Savostin, 1995; Krasnobaeva, 2013). Summing up the
above, it is to be noted that the influence of mother
stand upon the growth course of spruce undergrowth
having different phenological forms is under-
investigated.

The purpose of this paper was to expose
peculiarities of interconnections among the mother
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stand’s canopy, the distribution of spruce’s natural
regeneration by phenological forms and the growth
course under conditions of the Leningrad region.

Materials and Methods

The natural regeneration of fir spruce under the
forest canopy was registered within the territory of
Siversky Les experimental forestry enterprise in the
Karashevsky, Orlinsky, Druzhnoselsky and Ontsevky
forest districts of the Gatchina forest division
in the Leningrad region (59°34°35”(59°34° 58)
N&30°7°417(30°7°69) E) on the permanent sample
plots ranging in size from 0.25 to 0.5 ha.

Methods of singling out the phenological forms
of fir spruce differ with different researchers. In our
research we made use of techniques proposed by A.V.
Gryazkin (1997). As an early form, we designated
spruce biotypes whose terminal bud starts breaking
prior to the efflorescing of European bird cherry. As
a late form, we designated spruce biotypes whose
terminal bud starts breaking after the efflorescing
of European mountain ash or after the beginning of
Scotch pine’s pollen dispersion under conditions of
the Leningrad region, with the transitional form being
in-between these two forms.

From 600 to 3000 of spruce undergrowth trees per
ha were counted on the sample plots. Phenological
signs of spruce’s young generation were investigated
in thick stands of spruce trees, pine trees and birch
trees in a pleurocarpous moss group of forest types.
The natural regeneration of fir spruce was registered
in the spring 2011, 2014 and 2015 under the canopy
of stands. This registration was carried out by two
methods: a complete enumeration approach and
a statistical sampling method. Use was made of
research techniques presented in depth in the paper
by A.V. Gryazkin and N.V. Belyaeva (2013). The
age of undergrowth was determined according to the
annual increment of branches for each example of
spruce undergrowth and was calculated as an average
from total amount of undergrowth. The complete
enumeration was carried out on bands, 5 m wide,
divided into squares 5 x 5 m. The registration by
statistical sampling method was carried out on circular
plots, 10 m? each, established at equidistance from
each other in free running.

Results and Discussion

In previous investigations, regenerative processes
of spruce were researched in homogenous spruce
stands (Ronis & Veveris, 1964; Gryazkin & Belyaeva,
2013). Influence of mature layer of mixed stand on
regeneration of new generation of spruce was not
studied. Under the stand canopy in forest types being
investigated, the spruce undergrowth of early form

has got better indices of growth and development
(see Table 1). When comparing basic characteristics
of spruce undergrowth by its phenological forms, it is
evident that the specimens of early form, which are of
about the same age (with a difference of no more than
two years), have a greater height. The average height
of the spruce undergrowth of an early form is one
and a half as much as that of the spruce undergrowth
of a late form. The average increment in the spruce
undergrowth of an early form is 1.5 to 2 cm above
the average increment in the spruce undergrowth of
transitional and late forms. It is being noted that, under
the canopy of spruce stands, the spruce undergrowth
of an early form has the best parameters of growth and
development (see Table 1), with its average increment
being 3 to 4 c¢cm greater than that of the spruce
undergrowth of transitional and late forms. Under the
canopy of pine stands, the best indices are with the
spruce undergrowth of a transitional form, with its
average increment being 1 to 3 cm greater than that of
the spruce undergrowth of early and late forms. Under
the canopy of pine-spruce and spruce-birch stands, all
the forms of spruce undergrowth have approximately
the same indices in terms of average increment.

In general, under the canopy of pine and spruce
stands, the indices of the spruce undergrowth,
independently of its phenological structure, are higher
than those under the canopy of pine-spruce and
spruce-birch stands. The average increment is 3 to 7
cm greater in the spruce undergrowth growing under
the canopy of pine and spruce stands.

While analyzing characteristics of spruce
undergrowth with different phenological forms versus
a relative density of the stand, its age, and growing
stock, it was revealed that, with an increase in
phenological forms, the indices of spruce undergrowth
go down without regard to its phenological structure
(see Table 1). An average increment of spruce
undergrowth decreases by a factor of 2 to 4 with an
increase in relative density of the stand, its age, and
growing stock. This suggests that there is a close
relationship among the composition of mother stand
and the degree of luminance under it as well as the
growth course of spruce undergrowth of different
phenological forms.

It was further noted that the vaccinium forest type
has the best characteristics of spruce undergrowth
irrespective of its phenological forms (see Table 1).

It was revealed that, with a comprehensive tending
of forest, an average increment of spruce undergrowth
of different phenological forms decreases by a factor
of 1.5 to 2 (see Table 2), which can be explained by
the fact that the application of fertilizers improves the
nutritional conditions for the grass layer and nether
vert. resulting in an extreme competition.
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Table 1
Character of spruce undergrowth with different phenological forms
Dominant species Stand composition (HH:;ggn ( Aa\:;g;ears (Z:vr;?z:er:lnf/z;rl
Early coming-out phenological form
9S1P 52.1 12.9 4.0
9S1P 123.8 17.7 7.0
8S2P 69.5 13.7 5.1
10S+P 117.0 23.0 5.0
Spruce 8,751,1P0,1B0,1As 114.7 12.7 9.0
6,553,1P0,3As0,1B 66.3 11.9 5.6
9,150,9B+Al 176.4 9.4 18.7
7,851,6P0,6B 147.3 12.6 11.7
6,6S3,2P0,2B 164.2 10.3 15.9
Average 132.0 13.7 10.5
10P 134.4 11.4 11.8
10P 203.7 20.5 9.9
10P 170.0 125 13.6
Pine 7,8P1,350,9B 158.5 23.8 6.7
5P2S2B1As 92.1 22.1 4.2
6P252B 119.5 21.3 5.6
Average 146.4 18.6 8.6
1 10P/ 11 9S1B 99.9 23.4 4.3
1 10P /11 5S5B 140.6 14.6 9.6
4,954,1P0,8As0,2B 56.2 235 2.4
Pine + Spruce 5,454,2P0,4As+B 65.2 13.2 4.9
1 10P / 11 7S2B1As 105.3 22.0 4.8
4P4S2B 80.8 14.4 5.6
Average 91.3 18.5 5.3
Spruce + Birch 1 10B+As+P / 11 10S 87.9 23.8 3.7
Average 87.9 23.8 3.7
Average across all sampling areas 123.2 16.7 8.4
Transitional phenological form
9S1P 40.7 10.7 3.8
9S1P 84.3 14.2 5.9
8S2P 76.0 15.2 5.0
Spruce 10S+P 116.0 324 3.6
8,751,1P0,1B0,1AS 104.5 12.9 8.1
6,553,1P0,3AS0,1B 49.7 9.6 5.2
Average 82.4 14.8 6.3
10P 257.0 19.4 13.2
10P 2335 22.5 10.4
10P 210.0 13.0 r6.2
Pine 7,8P1,350,9B 129.7 18.4 7.0
5P2S2B1AS 131.2 24.8 5.3
6P2S2B 112.8 17.9 6.3
Average 179.0 19.3 9.7
110P/119S1B 122.0 21.8 5.6
1 10P/ 11 5S5B 189.2 16.1 11.7
4,954,1P0,8AS0,2B 31.2 15.3 2.0
Pine + Spruce 5,454,2P0,AAS+B 46.1 11.3 4.1
I 10P/ 11 7S2B1AS 107.6 22.7 4.7
4P4S2B 36.2 8.2 4.4
Average 88.7 15.9 54
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Dominant species Stand composition (HH:;ggfn ( Aa:;g;ears (Z:Vr;?::er:]n;re];rl
Spruce + Birch 1 10B+AS+P/ 11 10S 116.8 32.0 3.6
Average 116.8 32.0 3.6
Average across all sampling areas 115.0 17.3 6.9
Late coming-out phenological form
9S1P 40.7 11.9 3.4
9S1P 49.9 8.1 6.2
8S2P 47.4 13.1 3.6
10S+P 40.4 13.2 3.1
8,7S1,1P0,1B0,1AS 56.7 8.9 6.4
Spruce
6,553,1P0,3AS0,1B 45.0 9.5 4.8
9,1S0,9B+AL 100.0 8.1 12.4
7,851,6P0,6B 101.0 10.1 10.0
6,653,2P0,2B 81.8 9.1 9.0
Average 71.7 10.2 7.5
10P 113.0 16.5 6.8
10P 164.0 22.0 7.5
10P 188.7 14.0 13.5
Pine 7,8P1,3S0,9B 81.4 16.3 5.0
5P2S2B1AS 101.0 30.8 3.2
6P2S2B 56.3 15.3 3.7
Average 117.4 19.2 6.6
110P/119S1B 108.4 21.4 5.1
110P /11 5S5B 103.7 15.8 6.6
4,954,1P0,8AS0,2B 30.7 13.9 2.2
Pine + Spruce 5,454,2P0,4AS+B 40.9 11.3 3.6
1 10P /1l 7S2B1AS 79.1 19.2 4.1
4P4S2B 57.1 12.8 4.6
Average 70.0 15.7 4.4
Spruce + Birch 1 10B+AS+P /11 10S 98.1 30.3 3.2
Average 98.1 30.3 3.2
Average across all sampling areas 84.3 14.8 6.3

Note: “P” — pine; “S” — spruce; “B” — birch; “AS” — aspen; “AL” — alder; “I” — first level of the stand; “II” — second level

of the stand.

When comparing phenological forms of spruce
undergrowth according to its state, it is evident that,
on the whole, the spruce undergrowth of early form,
both viable and unviable, has better parameters under
the canopy of stands (see Table 2). An increase in
these indices goes from the late phenological form
to the early one, irrespective of the state of viability.
The average height of spruce undergrowth of an early
form is twice as much as that of spruce undergrowth
of a late form. The average increment of viable spruce
undergrowth of early form exceeds the average
increment of spruce undergrowth of transitional and
late forms by 20 — 30% and the average increment
of inviable spruce undergrowth by 30 — 35%. The
undergrowth of an early form is 2 to 3.5 years older
than the undergrowth of transitional and late forms.
It was revealed that the canopy of spruce and spruce-
birch stands provides better indices in terms of an
average increment to the spruce undergrowth of an
early form, while the canopy of pine and pine-spruce

stands provides such indices to the spruce undergrowth
of a transitional form.

Factor ANOVA analysis of influence of tree
species composition on the number of undergrowth
trees determines the undergrowth amount at the level
24% from the sum of all factors (Ft=3.0 (p=5%)
and Ff=3.9). The influence of pure pine stand on the
amount of spruce undergrowth was not proved by
statistics. But conducted ANOVA analysis of influence
of layer factor of pine-spruce stand on the amount of
spruce regeneration more than 30% from the sum of
all factor influencing on this parameter.

As a whole, under the canopy of spruce stands,
an average annual increment in height in the spruce
undergrowth, irrespective of its phenological structure
and category of size, is greater than that under the
canopy of pine, pine-spruce and birch-spruce stands.
Irrespective of the phenological structure and category
of size, the spruce undergrowth is older under the
canopy of birch-spruce stands.
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Table 2
Character of spruce undergrowth with different phenological forms
according to its state
Viable Inviable
Dominant Number . Age Increment | Height Age Increment
species of sampling area Height (A), ), cm (H), (A), (Z..), cm
(H,,), cm ye;Vrs ;éarl cm yeégrs ;/Vear'1
Early coming-out phenological form
9S1P 50.7 125 41 63.3 16.2 3.9
9S1P 320.0 44.0 7.3 84.6 124 6.8
8S2P 68.7 13.8 5.0 73 13.3 5.5
10S+P 117.0 23.0 5.0 - - -
Spruce 8,751,1P0,1B0,1AS 120.9 14.4 8.4 93.0 7.0 13.3
6,553,1P0,3AS0,1B 87.8 131 6.7 57.0 114 5.0
9,1S0,9B+AL 180.0 9.4 19.1 123.3 9.5 12.9
7,851,6P0,6B 147.9 125 11.8 140.8 13.4 10.5
6,6S3,2P0,2B 162.6 10.2 15.9 191.0 125 15.3
Average 154.4 16.5 10.7 103.3 12.0 9.2
10P 161.0 13.0 124 28.0 5.0 5.6
10P 203.7 20.5 9.9 - - -
10P 170.0 125 13.6 - - -
Pine 7,8P1,350,9B 189.7 27.0 7.0 65.0 14.0 4.6
5P2S2B1AS 71.2 18.3 3.9 106.1 24.6 4.3
6P252B 77.8 17.3 4.5 150.8 24.3 6.2
Average 145.6 18.1 8.6 87.5 17.0 52
110P /11 9S1B 113.7 21.3 5.3 89.5 25.0 3.6
1 10P/ 11 5S5B 155.0 24.5 6.3 131.0 8.0 16.4
4,954,1P0,8AS0,2B 52.4 21.6 24 775 34.0 2.3
Pine+ Spruce 5,454,2P0,4AS+B 62.5 125 5.0 69.0 142 4.9
1 10P /11 7S2B1AS 78.7 19.3 4.1 185.0 30.0 6.2
4P4S2B 70.2 13.3 5.3 93.8 15.8 5.9
Average 88.8 18.8 4.7 107.6 21.2 6.6
Spruce + | 10B+AS+P /11 10S 96.0 24.0 4.0 56.9 22.1 2.6
Birch Average 96.0 24.0 4.0 56.9 22.1 2.6
Average across all sampling areas 132.4 17.8 8.3 98.9 16.5 7.1
Transitional phenological form
9S1P 40.5 10.6 3.8 44.0 135 3.3
9S1P 97.5 15.3 6.4 73.6 13.3 55
8S2P 76.4 14.7 5.2 75.2 14.8 51
Spruce 10S+P 82.7 23.7 35 166.0 45.5 3.7
8,751,1P0,1B0,1AS 107.5 134 8.0 83.2 9.9 8.4
6,5S3,1P0,3AS0,1B 59.4 9.2 6.5 45.6 9.8 4.7
Average 81.4 13.6 6.6 81.3 17.8 5.1
10P 274.4 19.9 13.8 100.0 15.0 6.7
10P 2335 225 104 - - -
10P 230.0 12.6 18.3 110.0 15.0 7.3
Pine 7,8P1,3S0,9B 132.1 18.5 7.1 124.0 18.3 6.8
5P2S2B1AS 57.0 17.0 34 152.4 27.0 5.6
6P252B 47.9 13.6 35 183.0 22.6 8.1
Average 162.5 17.4 94 133.9 19.6 6.9
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Viable Inviable
Dominant Number . Age Increment | Height Age Increment
species of sampling area Height (A). Z.), cm (H). (A, Z.), cm
(H,,). cm yeavrs );Vear1 cFrV1 yegrs )alvear1
110P /11 9S1B 143.6 22.3 6.4 93.1 21.2 4.4
1 10P /11 5S5B 246.8 19.4 12.7 65.7 9.1 7.2
4,954,1P0,8AS0,2B 31.2 15.3 2.0 - - -
Pine + Spruce 5,454,2P0,4AS+B 44.0 10.5 4.2 49.2 125 3.9
110P /11 7S2B1AS 114 22.7 5.0 91.2 22.9 4.0
4P4S2B 19.6 5.6 35 75.0 14.2 5.3
Average 99.9 16.0 5.6 74.8 16.0 5.0
Spruce + 1 10B+AS+P /11 10S 96.5 24.7 3.9 82.5 25.6 3.2
Birch Average 96.5 24.7 3.9 82.5 25.6 3.2
Average across all sampling areas 112.0 16.0 7.0 94.9 18.2 5.5
Late coming-out phenological form
9S1P 36.9 10.8 34 56.8 16.8 34
9S1P 65.5 10.8 6.1 45.1 7.3 6.2
8S2P 56.1 145 3.9 39.1 11.7 34
10S+P 40.4 13.2 31 - - -
Spruce 8,7S1,1P0,1B0,1AS 53.1 9.0 5.9 73.4 8.5 8.7
6,553,1P0,3AS0,1B 50.8 9.2 55 42.4 9.6 4.4
9,1S0,9B+AL 101.8 8.2 12.4 91.9 7.5 122
7,851,6P0,6B 101.9 9.9 10.3 96.8 111 8.7
6,653,2P0,2B 82.6 9.0 9.2 77.8 9.6 8.1
Average 74.3 104 7.6 65.4 10.3 6.9
10P 170.0 15.0 11.3 56.0 18.0 3.1
10P 164.0 22.0 7.5 - - -
10P 188.7 14.0 135 - - -
Pine 7,8P1,350,9B 85.4 17.0 5.0 59.8 12.9 4.6
5P2S2B1AS 86.5 29.0 3.0 105.8 31.3 34
6P252B 43.4 14.8 2.9 72.9 15.9 4.6
Average 123.0 18.6 7.2 73.6 19.5 3.9
110P /11 9S1B 120.0 21.3 5.6 97.8 214 4.6
1 10P /11 5S5B 123.3 19.7 6.2 76.5 9.2 8.4
4,954,1P0,8AS0,2B 30.4 13.7 2.2 38.0 20.0 1.9
Pine + Spruce 5,454,2P0,4AS+B 44.6 11.8 3.8 36.6 10.7 34
1 10P/ 11 7S2B1AS 69.0 19.0 3.6 80.4 19.3 4.2
4P4S2B 40.6 9.7 4.2 65.2 14.3 4.5
Average 1.3 159 4.3 65.8 15.8 4.5
Spruce + 1 10B+AS+P/ Il 10S 68.5 19.6 35 60.0 22.5 2.7
Birch Average 68.5 19.6 35 60.0 22.5 2.7
Average across all sampling areas 86.0 14.4 6.4 67.0 14.6 5.3

Note: “P” — pine; “S” — spruce; “B” — birch; “AS” — aspen; “AL” — alder; “I” — first level of the stand; “II” — second level

of the stand.

Conclusions

2.

1.

In general, in investigated forest types in conditions
of the Leningrad region, the spruce undergrowth
of an early form has better indices of growth and
development under the canopy of mother stand.
Irrespective of the state of the undergrowth’s
viability, an increase in these indices goes from the
late phenological form to the early one.

Being approximately at the same age, the
specimens of an early phenological form are higher
and have a greater average increment in height. An
average increment of viable spruce undergrowth
of an early form is greater by 20 — 30% than that of
spruce undergrowth of transitional and late forms,
and greater by 30 — 35% than that of inviable
spruce undergrowth.
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Irrespective of the phenological structure and
state, the spruce undergrowth’s average increment
decreases by a factor of 2 to 4 with an increase
in its relative normality, age and growing stock.
This is associated with a decrease in the degree
of light intensity under the stand’s canopy. With
a comprehensive tending of forest, an average
increment of spruce undergrowth of all phenological
forms decreases by a factor of 1.5 to 2.

Generally speaking, the canopy of spruce stands
provides a greater average annual increment in
height to spruce undergrowth, irrespective of its
phenological structure, categories of size and the

state of viability, than the canopy of pine, pine-
spruce and birch-spruce stands. The vaccinium
forest type has the best characteristics of spruce
undergrowth, irrespective of its phenological form.

. When analyzing characteristics of the spruce

undergrowth under the stand’s canopy with due
regard to the phenological and height structure as
well as to the state of viability, it was revealed that,
at the dominant average age of spruce undergrowth
of a transitional form, the best indices of small
and medium-sized undergrowth are with an early
phenological form, while the best indices of large
undergrowth are with a late phenological form.
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Abstract

The influence of coniferous stand composition on the density of pine (Pinus sylvestris) and spruce (Picea abies) wood
is considered in this work. Processing of a large quantitative material of wood cores with the use of the ANOVA and
rank analysis made it possible to reveal the influence on the macrostructure of wood of the quantitative representation
of pine and spruce in the stand.

In the pine part of the stand, the correlation of the wood density with the zones of early and late xylem is weak or
medium. There is no wood density correlation with the width of the annual ring for stands with different shares of
pine. In pine-prevailing stands with a share of pine 80% — 100%, there is a weak but reliably straight relationship
between wood density and the size of late wood zone and an inverse relationship with early zone of xylem. For forest
stands with a smaller part of pine participation, the relationship between these indicators is medium and reliable.
For spruce, we observe a close relationship between the density of xylem and the parameters of its macrostructure
in all its variants of participation in mixed coniferous plantations. In most of the studied mixed stands, the density of

wood in spruce is not significantly differentiated and more homogeneous.
Key words: basic wood density, early and late wood zone, width of annual ring.

Introduction

In conifer forests, different in their origin, at certain
age stages, the wood is formed with different physical
and mechanical properties, which are connected with
its structure, i.e. width of annual ring and parts of the
early and late xylem. With the age, the density of wood
grows till a certain stage and then it stabilizes and (or)
begins reducing. It was noted that for the pine-tree, in
conditions of the North-West Russia, the density of
wood may grow until the age of 100-120 years, and
for the spruce — even until older age, depending on
the geographic zone (Poluboyarinov, 1976; Chibisov,
2010; Danilov & Skupchenko, 2014). But reduction of
density of the spruce-tree wood is possible and typical,
if the spruce grows in a mixed forest. Abroad, this
topic has evoked a vast response among researchers,
which has been confirmed by many authors in their
papers. . In the Scandinavian countries, this matter
was studied by Repola (2006), Jyske (2008), Kanninen
(2010), Gamfeldt et al. (2013), Carnol et al. (2014). In
the countries of Central Europe it was done by Zianis
et al. (2005), Pretzsch & Schitze (2016). In North
America, a number of authors conducted research on
wood density in mixed forests: Zhu, Scott & Myers
(2007), Woodall et al. (2015). In the South Asian
region, also a number of papers were dedicated to
wood density in conifer types in multi-specific forests:
Fujiwara, Yamashita & Hirakawa (2004), Nakagawa
et al. (2016).

For the forests of the boreal belt, the influence of
mixed forests of pine-tree and spruce-tree upon the
wood density and anatomic structure of xylem of these
species in fact found the reflection only in Lomov’s
paper (1979), and there are no other publications on

this matter for this zone. On the whole, the mechanism
of xylem density formation at the anatomic level in
mixed forests has not been covered deeply enough.
On the basis of the above mentioned, it was decided
to study the influence of mixed pine and spruce stand
composition on the formation of the anatomical
structure and wood density of these species.

Materials and Methods

We studied coniferous forests with different parts
of participation of pine-tree and spruce-tree in the main
groups of forest type of the Leningrad region. The
main objects of the research are permanent plots in the
territory of the experimental forestry “The Siversky
forest” in the Gatchina forestry of the Leningrad
region: Kartashevskoe, Orlinskoe, Druzhnoselskoeg,
Divenskoe, and Ontsevskoe district forestries.
Permanent plots were started in the 1960s in the
forests, and they were used for continuous stationary
observations of the dynamics of taxational values and
consideration of quantitative and qualitative changes
in forestry-taxation characteristics of plantations. The
experimental plots have the dimensions from 0.25 to
0.5 ha, and no forestry activities were conducted in
them.

The experimental materials for the research were
obtained on 26 sample areas in the mature pine-
prevailing forests aged 85 — 105, without cutting, with
different parts of participation of spruce-tree and with a
smaller part of broadleaved species (aspen and birch).
All plots have long-term data on repeated accountings.
When selecting kernels, the Pressler’s borer was used
at a tree height of 1.3m. Two kernels were selected
from each model tree. The number of the model trees
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depended on the diameter class distribution of the
conifer species. The diameter of kernels used for the
analysis was 4 — 5 mm. One of two kernels was used
for the anatomical analysis whereas the other one
was used to measure wood density. Basal density of
wood is expressed by proportion (1.2) of the mass of
absolutely dry species m, to its volume at humidity
equal or higher than the fiber saturation point V_:

m, )
= , kgm3 1
Py v g 1)
— 1 -3
pb_m‘gcm @
m, d

The measuring of this value was conducted with
the maximum humidity method recommended by
Poluboyarinov (1976) to define the density of species
having a comparatively little volume. On the species
of wood, along with density, the number of annual
layers in 1 cm was defined, average width of annual
rings and content of late wood in an annual ring
was defined. The following parameters were used to
characterize the wood macrostructure: a radial growth
or annual ring width, early wood width, late wood
width of a wood species for the period of tree life.
The values were defined on 24 to 30 samples of wood
per plot from the provided species on the experimental
areas, depending on the diameter class representation.
The prepared kernels were polished and processed
on a scanning device with resolution 1200 dots per
inch, getting high-resolution pictures. Further, the
GIS treatment of early and late wood zones was
conducted with scaling of kernel length in the annual
ring for the period of growth by means of the program
“Panorama 10”. The reliability of this information is
assessed by means of statistical processing of digital
material obtained as a result of the purposefully
planned experiment. To define the reliable differences
or similarity of the data obtained, ANOVA, rank and
correlation analyses of information were used.

Results and Discussion

The processed digital material of quantitative
and qualitative parameters of wood kernels of pine-
tree and spruce-tree was grouped depending on the
representativeness of species in the composition of
plantation. The conducted analysis of information
in the program ambience “Statistica 11 allowed
detecting the significant regularities of influence of the
forest composition on the xylem macrostructure and its
density at the examined species. Statistical reliability
of differences of values of the wood macrostructure
in the plantations of different species composition
is manifested in different ways for the pine-tree and

spruce-tree part of plantation. For pine-tree cenoses,
the manifestation of differences in the content of the
late xylem part depending on its representativeness is
traced in all forests (see Table 1). But in the versions
with the part of participation of pine-tree from 60%
to 40%, no significant differences are traced, which
is apparently connected with reduction of quantitative
representativeness of pine-trees in the forest. For the
value of content of early wood in the annual ring width,
there are in fact no unreliable differences in the forests
with different part of participation of pine-tree, and it
is connected with active formation of the conducting
xylem in the pine-tree as a biological species. Since the
zone of early wood prevails in the annual ring width,
so we observe here the analogical correlation with the
composition of plantation. With reduction of the part
of participation of pine-tree, no reliable differences of
wood density are observed in connection with the too
weak variability of wood density on the stages of the
width of the pine-tree plantation.

For the spruce-tree element of the forest, somewhat
different regularities are observed than those for
the pine-tree part of cenosis: at the level of wood
macrostructure of spruce-tree with its participation
in the composition of the mixed forest, in fact no
significant differences are manifested on content of
early xylem inthe annual ring (see Table 2). Intwo cases
when there are no significant differences revealed,
probably either there is very little representativeness
of spruce-tree in the forest composition, or, on the
contrary, there is obviously equal number of spruce in
the composition of the mixed forest. For the value of
the early wood content in the annual ring, a different
situation can be observed. With reduction of spruce-
tree in the composition, the reliable difference on
mixed coniferous plantations is observed.

For the forests with participation of pine-tree from
70% to 40%, in fact no reliable differences are observed
on the content of early wood in the annual ring, since
it is connected with the fact that the part of spruce-tree
is 30 — 40%, and the broadleaved species, aspen and
birch, are represented in the forests. But an interesting
regularity is manifested about unreliable difference on
the annual ring width for the forests with participation of
pine-tree 70 — 60%, and spruce-tree 20 — 30%, probably
the conditions of growth of spruce-tree in these forests
are equal and the variability of the annual ring is not
high. The changes at the level of xylem microstructure
of spruce-tree lead to regular influence at the level of
its wood density. For the spruce-tree, in connection
with reduction of quantitative representativeness of
pine-tree, the dimensionality of the distribution row
on the stages of the forest increases, and with that,
the variability of wood density of spruce-trees also
increases compared with the forests where over two
thirds are pine-trees in the composition.
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Table 1
Statistical reliability of differences of the values of macrostructure and density
of the pine-tree wood depending on composition of the forest
Reliable differences in the content of the late pine wood for the forests where pine prevails
Composition 10P 9P 8P 7P 6P 5P
10P - -
9P 1 -
8P 1 1 ) -
P 1 1 1 -
6P 1 0 1 1 -
5P 1 1 0 1 1
4P 1 0 1 1 0 1
Reliable differences for the content of early pine wood for the forests where pine prevails
10P -
9P 1 -
8P 1 1 B
7P 1 1 1 ’
6P 1 0 1 1 ) )
5P 1 1 1 0 1
4P 1 1 1 1 1 1
Reliable differences for the annual ring width of pine wood for the forests where pine prevails
10P -
9P 1 -
8P 1 1
7P 1 1 1 ’
6P 1 0 1 )
5P 1 1 1 1 -
4P 1 1 1 1 1 1
Reliable differences for pine wood density for the forests where pine prevails
10P -
9P 1 B
8P 1 1 ) ]
P 0 1 1 -
6P 0 0 1 )
5p 1 0 0 0
4P 1 1 0 1 1 0

Note: “P” — pine; “1” — differences are statistically significant at p<0.05; “0” — differences are statistically

insignificant at p<0.05.

To detect the statistically significant correlations
between the wood macrostructure of pine-tree
and spruce-tree, the rank correlation analysis was
conducted. The obtained data of statistical values on
the Spearman’s criterion given in Table 3 show that,
depending on the part of participation of the species
in the composition, a number of reliable correlations
between the wood density and the zones of early and

late xylem were detected. For the forests in which
pine-tree accounts for 80% — 100%, the connection
between the wood density and the late xylem zone is
weak but reliable, whereas this connection is invalid
for the wood density and the early xylem zone. For
the forests in which pine-tree accounts for less than
80% the correlation between these values is moderate
and reliable. The rank analysis did not detect reliable
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Table 2

Statistical reliability of differences of values of macrostructure and density of spruce-tree wood
depending on the forest composition

Reliable differences for the content of late spruce wood for the forests with pine prevailing
Composition 9P 8P P 6P 5P
9P(1S) -
8P(2S/1S1B) 1
TP(3S/2S1B/1S2B) 1 1 -
6P(4S/3S1B) 0 1 1
5P(4S1B/3S2B/2S1B1A) 0 1 1 0 -
4P(4S1B1A/1S4B1A) 1 1 1 1 1
Reliable differences for the content of early spruce wood and the forest composition
9P(1S) -
8P(2S/1S1B) 1 .
7P(3S/2S1B/1S2B) 1 0 -
6P(4S/3S1B) 1 0 0 -
5P(4S1B/3S2B/2S1B1A) 1 0 1
4P(4S1B1A/1S4B1A) 0 1 1 1
Reliable differences for the annual ring width of the spruce wood and the forest composition
9P(1S) -
8P(2S/1S1B) 1 .
7P(3S/2S1B/1S2B) 1 0 -
6P(4S/351B) 1 0 0 -
5P(4S1B/352B/2S1B1A) 1 1 1 1
4P(4S1B1A/1S4B1A) 0 1 1 1 1
Reliable differences of spruce wood density in the forests and the forest composition
9P(1S) -
8P(2S/1S1B) 0 )
7P(35/2S1B/1S2B) 0 0 -
6P(4S/3S1B) 1 1 1 -
5P(4S1B/3S2B/2S1B1A) 1 1 1 0
4P(4S1B1A/1S4B1A) 0 0 1 0 0

Note: “P” — pine; “S” — spruce; “B” — birch; “A” — aspen; “1” — differences are statistically significant at p<0.05; “0” —

differences are statistically insignificant at p<0.05.

connection with the annual ring width at pine-tree
for the both groups. The obtained results indicate
that the wood density of pine-tree correlates with
microstructural anatomic parameters of xylem at
the level of construction of cellular structures and
their amount in the growth zones. For the spruce-
tree, the obtained results indicate that with its less
representativeness in the mixed forest, the correlation
with the values of macrostructure and wood density of

the spruce-tree is close. With increase of participation
of the spruce-tree in the composition of the mixed
plantation, these correlations are somewhat weaker
that in the forests with higher participation of spruce-
tree. Manifestation of different strategies of formation
of the wood density of pine-tree and spruce-tree finds
its reflection in the correlations at the level of xylem
structure of these species.
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Table 3

Rank analysis of correlation of macrostructure and density of the wood density of pine-tree and spruce-
tree in the mixed forests (by Spearman’s criterion)

For the pine-tree with its prevalence in the forest composition
Pair of 80% — 100% in the composition 70% — 40% in the composition
air o

Variables Valid N | Spear-manR | t(N-2) | p-value | Valid N | Spear-manR | t(N-2) | p-value
late wood zone & basic 108 0.311 3.371 | 0.0011 86 0.439 4.481 | <0.001
wood density
early wood zone & 108 -0.311 -3.371 | 0.0011 86 -0.439 -4.481 | <0.001
basic wood density
annual ring width & 108 0.098 1.015 | 0.313 86 -0.142 -1.318 | 0.191
basic wood density

for the spruce-tree in the forest composition with pine-tree prevailing

late wood zone & basic 65 0.745 8.873 | <0.001 87 0.678 8.499 | <0.001
wood density
early wood zone & 65 -0.745 -8.873 | <0.001 87 -0.678 -8.499 | <0.001
basic wood density
annual ring width & 65 -0.654 -6.858 | <0.001 87 -0.501 -5.330 | <0.001
basic wood density

Note: marked correlations are significant at p<0.05.

Conclusions

The following conclusions can be made on the

results of the research conducted:

1.

In the mixed conifer forests with pine-tree
prevailing, the formation of xylem of pine-tree and
spruce-tree has a different strength of correlation
with the forest composition.

Reliable differences in the influence of the
plantation composition on the wood macrostructure
are more clearly observed on pine-trees. The wood
density reliably depends on the forest composition
with participation of pine-tree over 60%.

For the spruce-tree part of the mixed conifer
forests, reliable correlation of the influence of the
plantation composition is observed only in the
zone of late wood in the annual ring. For the early
wood zone, this dependence has a lower level of
correlation. In fact, there is a reliable connection
between the composition and the value of the
annual ring for spruce-tree wood observed in all
forests.
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Abstract

The objective of this study is to assess the qualitative and quantitative characteristics of pine (Pinus sylvestris) and
spruce (Picea abies) stands growing on lands that were previously in agricultural use in the Leningrad region. Sample
areas of mature mixed pine-and-spruce prevailing stands were studied. The taxation has revealed that the average
height and diameter of the stands under study are greater than those in mixed modal stands of these species on forest
lands. The analysis of the results of the study was performed by dispersion, correlation and ranking methods. To
determine the competitive relationship between species, the coefficients of skewness, and kurtosis were calculated.
For coniferous stands growing on former arable lands, the distribution of diameter classes for pine and spruce differ
depending on the prevalence of species. The predominance of one of the coniferous species in the stands leads to an
aggravation of competition, which manifests itself in positive coefficients of asymmetry. The skewness indicators
and the kurtosis of tree trunks distribution clearly demonstrate the strengthening and weakening of competitive
relationships in the stand. Competitive relationships between species are more balanced in stand compositions that
include more than half of spruce and about 40% of pine, which results in the largest volume of stemwood. A more
powerful root zone of trees in the former arable soil allows mixed stands of spruce and pine to produce a larger
volume of wood than in pure stands of pine and spruce for the investigated region.

Key words: former arable land, taxation indicators, stands of spruce and pine, a series of distribution in terms of

thickness, skewness and kurtosis.

Introduction

At present, the number of areas covered with tree
vegetation on the lands formerly used in agricultural
use is increasing. This trend is observed on most
continents of the world, only the scale of what is
happening is different. The reasons for this process
have a social basis and are caused by a number of
economic and political factors. In many European
countries, the use of former agricultural land for
the cultivation of cultivated stands of timber is an
adopted land use practice. In Europe, there has been
an increase in the forest area due to afforestation and
forest expansion to abandoned agricultural lands since
the 19th century. Secondary forest succession has
played a significant role in changing the land cover
in European mountains over the past few decades
(McDonald et al., 2000). Natural shoot reforestation
on former agricultural lands reflects a decline in
traditional agricultural practices that can be observed
all over the world. In Western Europe, this often occurs
on fallow pastures and in places with steep slopes,
poor soils or underdeveloped road infrastructure
(Hansen et al., 2010).

In France, the process of reforestation is now
mainly on the territory of agricultural land that is
inconvenient for cultivation as well as on abandoned
areas. For the last century the territory of forests in
France has increased by 6 million hectares, despite
the fact that during this time the volumes of forest
extraction increased. The issue of abandoned
agricultural land is of current interest in Mediterranean
European countries, such as Spain, Portugal and

Italy. Already in 1950, it was observed that the land
ceased to be used for traditional farming purposes as
meadows, and arable land converted into naturally
grown forests. This was mainly due to the fact that the
areas are hilly and difficult to engage in agricultural
activities. In these countries, afforestation is one of
the most acceptable ways to use abandoned land. In
Switzerland over the past few decades, the natural
growth of forests has replaced most of the agricultural
land in the Swiss mountains (Graf et al., 2005).

In Scandinavian countries, the use of postagrogenic
land for the cultivation of forest plantations is an
established practice.

In the countries of Eastern Europe over the past
decades, the number of forest plantations on lands
that were previously actively used in agriculture has
increased. In the Czech Republic, the increase in
the share of forests on former agricultural lands is
associated with new land use changes and agricultural
depressions in the 1990s (Macki, 2006). Nowadays
investigations are carried out on the effect of natural
regeneration of tree species on postagrogenic lands on
the soil (Holubik et al., 2014), including the Polish
Carpathians (Kozak, 2010).

In Poland on the whole, the extent of afforestation
on state lands will be 4500 — 4600 hectares by 2020.
Forecasts show that the average annual area of
afforestation on private lands will not exceed 2500
hectares by 2020. In general, we can expect that in
Poland for the period 2015 — 2020 will be carried
out reforestation of 20 thousand hectares of
agricultural land.
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The abandonment of lands and the secondary
succession of forests played a significant role in
changing the soil and vegetation cover and increasing
the forest cover in the foothills of many European
countries over the past few decades (Bowena et al.,
2007).

In the Baltic countries, the process of using former
agricultural lands for the cultivation of tree species
also takes place. This is one of the most popular
measures for the use of abandoned agricultural land
In Lithuania, thanks to which they can be involved
again in economic circulation. In Estonia, attempts
are also made to use abandoned land for afforestation,
and the possibility of using abandoned land in the field
of bioenergy is being considered (Kukk et al., 2010).

In Latvia, especially since 1990, the appearance of
abandoned lands and natural growth of forests have
become an integral part of the Latvian rural landscape
(Ruskule et al., 2012).

In North America, in Canada and the US, as well
on agricultural land where, due to economic reasons,
it is not profitable to grow agricultural products,
plantations from various tree species are created to
expedite the production of woody biomass (Bowena
et al., 2007; Flinn & Vellend, 2005).

The studies carried out show that in Canada due to
efforts to afforest agricultural land, highly productive
forests can be restored and it is recommended to use
local coniferous species for afforestation as the first
step towards the restoration of coniferous forests in
the areas that have been converted for agriculture
and subsequently abandoned (Shi, 2010). In some
regions of the USA, forests on former agricultural
lands account for up to 80% of the current forest cover
(Foster, 1992; Grashof-Bokdamand & Geertsema,
1998).

In South America, the use of this category of land
for forest growth can be noted in Mexico (Mufiz-
Castro, Williams-Linera, & Benay, 2006). Natural
regeneration is investigated in abandoned old fields
after intensive use of agricultural land in the areas
originally covered by the Brazilian Atlantic forests
(Silvestrini et al., 2012).

In Russia, this problem is also relevant at the
present time. According to different estimates, from
40 to 50 million hectares of land have been derived
from active agricultural production since 1991. More
than a million hectares of postagrogenic land in many
regions of the country were overgrown with tree and
shrub vegetation. In many areas of the postagrogenic
land, full-scale coniferous stands are formed (Utkin et
al., 2002; Paramonov & Gryazkin, 2006; Romanenko,
2008; Golubeva, 2015; Telesnina, 2015; Danilov et al.,
2016; Novoselova, Zalesov, & Magasumova, 2016;
Yurovskih & Magasumova, 2017). The process of
renewal of tree vegetation on former agricultural lands

is particularly active in the European part of Russia. In
the North-West region, according to different data in
Pskov, Novgorod, and Leningrad regions, more than a
third of the agricultural land has already been renewed
by tree species (Lyury, Goryachkin, & Karavaeva,
2010). This trend is also observed in the Arkhangelsk
region and Karelia (Sokolov, 1978; Golubeva, 2015).

The study of the qualitative and quantitative
characteristics of the stands of pine and spruce
growing on former agricultural lands has not so many
publications. A small number of works have been
published on this issue in Western Europe. A number
of works have been published in Belarus on the topic of
growing pine and birch on sandy loamy soils, derived
from agricultural use. In Russia, it is necessary to note
the works of Lohov, 2011; Golubeva, 2015; Danilov,
2015, and others, in which the taxation characteristics
of pine and spruce stands growing on old plow lands
were considered. Particularly noteworthy are the
studies on the accelerated cultivation of pine and
spruce on postagrogenic lands in Pskov and Leningrad
regions. In the works of Sennov (2003) and Alyatin
(2006), spruce forests that were renewed on the former
arable lands of the Leningrad region are considered,
which are characterized by increased productivity and
have a stock of 300 — 500 m?® to the age of 80 — 100
years.

Thus, the problem of pine and spruce stands
growing on postagrogenic lands and their management
is relevant for the science and practice of forestry.

Materials and Methods

The experimental sites are located in the
northwestern part of the taiga-forest zone, which
determines the dominance of sod-podzolic soils in
the soil cover and is confined to the landscape area
of the northern part of the Oredezhsky plateau on
Devonian sandstones. We examined the areas of
mixed coniferous pine and spruce stands that were
renewed on former arable lands in the early forties
of the last century and have reached the age of 70-
80 in the Gatchina district of the Leningrad region
(59°20°07.84”N  30°09°12.35”E / 59°20°17.8”N
30°09°20”E). The sample areas under study have
similar thickness of stand (600 — 650 trees per ha).
Masses of stones along the edges of former arable
fields point to the fact that the areas were previously
used for agriculture, which is also confirmed by the
cartographic data of the Russian Empire of the early
twentieth century. This forest area is located within
the elevated sand watershed of the Oredezh River.

Growth plots of 0.3 — 0.5 hectares have been laid
using portable GPSMAP 64 navigators, with boundary
markers. Varying the sizes of the registration areas is
connected with the necessary quantity of coniferous
trees on a sample of at least 250 pieces.
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The valuation of the stand has been carried out
according to the methods generally accepted in
silvicultural surveys. To determine the age, Pressling’s
incremental drill was used to take bore cores by the
root neck of the trees according to the steps of the
diameter classes. From each diameter class, two cores
were taken to determine the average age. On each plot,
at least 30 cores were taken. Cores were polished and
processed on a scanning device with resolution 1200
dots per inch, allowing for high-resolution pictures.
This was followed GIS-treatment to determine
guantity of annual rings using Panorama 10 software.
Soil profile cuts were made on each experimental site
in order to determine the granulometric composition
and the thickness of the soil horizons.

The obtained quantitative data of the biometric
parameters of the stand were processed with the
help of a package of applied computer programs.
To determine the competitive interaction between
species, asymmetry and excess coefficients were
calculated. Statistical processing was carried out by
means of the program Statistica 11. To determine
normality of data distribution, Shapiro-Wilk’s W-test
was used. The results obtained were subjected to
ANOVA, correlation and rank analyses.

Results and Discussion
Analysis of soil sections on experimental sites
showed a clear relationship between the prevalence of

pine or spruce depending on the underlying rock. The
stand with a predominance of pine is confined to the
postagrogenic soil underlain by sandy loam and spruce
dendrocenosis grows on a postagrogenic soil that has
preserved arable horizon of 20 — 30 cm thickness with
traces of podsolization, since a pronounced layer of
forest soil with a thickness of up to 10 cm was formed
on the top. For a pine stand, the arable horizon has
a smaller thickness of 15 — 20, and the process of
podsolization is less pronounced on it - there are no
obvious whitish stains. The soil horizon formed during
the growth of the pine stand is 5 — 7 cm thick.

The conditions for the growth of these stands
correspond to I quality class for coniferous stands
of spruce and pine for the region of study as well as
the age. The average reserves of quality class | stands
growing on forest lands in the study area at this age
make up from 396 to 417 m?3 for pure pine stands
and from 411 to 457 m? for spruce. For modal mixed
stands with a predominance of the pine stock is 260
m?, and for a larger share of the spruce, the reserve is
300 m® on forest lands in the most productive growing
conditions. The data of forest stand valuation given
in Table 1 show that the average height and diameter
of pine and spruce stands exceed those of the modal
pine and spruce stands and correspond to those of pure
stands of these species. It is significant that the stocks
of the examined stands are higher than those in the
pure stands of pine and spruce. The largest reserve

Tablel
Taxation characteristics of pine and spruce stands on postagrogenic lands
Research object #1. With a predominance of spruce
Species Composition, % A, years D,.cm H_m G,m? N/ha M, mé
Spruce 87 80 32.5 30.2 315 380 431
Pine 11 85 35.7 27.9 49 50 55
Aspen 0.5 50 174 217 0.2 7 2
Birch 1.5 60 194 22 1 33 9
Total: 32.6 30 375 470 497
Research object #2 With spruce predominance
Spruce 55 80 27.1 28.2 233 405 309
Pine 38 85 35.2 27.8 18.9 197 215
Aspen 50 29.3 25.7 2.3 34 27
Birch 2 60 18.0 21.6 14 54 14
Total: 30.1 28.0 459 690 565
Research object #3. With pine predominance
Pine 59 85 312 274 24 316 269
Spruce 32 80 218 25.4 11.8 316 148
Aspen 50 338 26.2 14 16 18
Birch 60 24.6 24.7 2 41 22
Total: 27.8 26.5 39.2 689 457
RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1 133



Dmitry Danilov, Natalia Belyaeva, Sergey Janusz

STRUCTURE OF MATURE MIXED PINE-
AND-SPRUCE STANDS ON POSTAGROGENIC
LANDS IN LENINGRAD REGION, RUSSIA

- 30

& ag |

g |

£ 20

2151

= 10 .

& 5

= |

"ol ————— e —— =
12 16 20 24 28 32 36 40 44

dinmeter classes, cm
Figure 1. Pine sample plot #1
30

F 25 +

g 20 4

g -

a 15

210

£ 5

E— 0 : : . : : — :
1 2 3 4 5 6 g O

diameter classes, cm
Figure 2. Pine sample plot #2
30

representation, e
—
i

12 16 20 24 28 32 36 40 44 48
diameter classes, cm

Figure 3. Pine sample plot #3

of the conifers on the 514 m3 plantation on the plots
under study is observed with a share of spruce being
more than 55% in the stand and 38% of pine.

For coniferous stands growing on former arable
land, the distribution series for class diameters for
pine and spruce differ depending on the prevalence of
this or that rock (Figs. 1 — 3). The distribution of trees
by class diameters of the pine part of the stand varies
with the increase in the composition of pine plantation
from abnormal to normal distribution. For a stand
where spruce dominates in the composition, the series
of tree distribution by class diameters has a normal
distribution schedule. As the share of spruce in the
stand composition decreases, the distribution diagram
acquires a left slope of curve. This can be explained by
the greater participation of trees of smaller thicknesses
that belong to the younger spruce generation and are
10 — 20 years younger than the main maternal canopy.
Itis likely to be associated with the greater translucence
of the pine canopy under which spruce grows
successfully, whereas under the maternal canopy there
is a competition for photosensitive resources.
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In previous studies (Danilov & Ishuk, 2014), the
distribution of pine trees according to the diameter class
in mixed coniferous stands that were not affected by
logging is different from that in the stands of the same
age on postagrogenic lands that we examined. On the
forest lands, when the pine element is dominating in a
mixed stand, we observed the left slope in the curve in
the distribution diagrams and lesser representation of
trees in the diameter class because of the loss of trees.
The distribution diagrams of rows of spruce trunks in
forest phytocenoses have a reverse difference from the
examined stands. With an increase in the proportion
of spruce in the stand composition, the distribution
diagram shows the right slope of the curve, which
is indicative of a fewer number of trees belonging to
smaller thickness steps of trunks.

The skewness index of the distribution series along
the thickness steps can be considered as a quantitative
indicator of the development measure of the stand and
the intensity of interspecies relations.

The distribution curves of trees by diameter show
the degree of cenotic heterogeneity of a particular

134

RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1



STRUCTURE OF MATURE MIXED PINE-
AND-SPRUCE STANDS ON POSTAGROGENIC
LANDS IN LENINGRAD REGION, RUSSIA

Dmitry Danilov, Natalia Belyaeva, Sergey Janusz

Table 2
Indicators of skewness and kurtosis coefficients in the distribution curves
of the stand diameter classes on experimental plots in coniferous stands
1 2 3
Sample plot . . .

spruce pine spruce pine spruce pine
Skewness -0.917 0.762 -1.338 -1.182 0.266 0.198
Kurtosis 0.270 1.499 -0.262 0.438 1.292 1.131

stand. Experimental distribution curves with respect
to diameter do not always follow the law of normal
distribution. The calculated indicators of skewness and
kurtosis for mixed coniferous stands were interpreted
from the ecological and silvicultural points of view on
the basis of the above provisions. The values of the
skewness and kurtosis coefficients are reliable at the
5% level.

The analysis of the indices given in Table 2
allows us to conclude that, in principle, with negative
skewness of the distribution series over the thickness
steps, it is considered that competition in the studied
stands is minimal only for the sample plot No. 2. The
normal distribution series over the thickness steps of
the stand during the growth and development of the
plantation can pass into a distribution with a negative
skewness in a number of cases. In one case — in the
context of slight loss of trees from smaller steps and
with a decrease in the growth rate of leader trees
against the background of intensification of growth
processes in trees of central thickness steps. In the
other case — in the context of the loss of trees from
the upper thickness steps and a uniform change in the
increment in the lower and middle steps.

The formation of a positive skewness in the
distribution curve is also possible as a result of the
action of various biological processes as a result of
the weakening of the stand from the effects of diseases
and pests. In general, the decrease in skewness prevails
when specific stands are approaching the border of
physiological growth opportunities. Apparently, these
processes take place in the experimental objects No.
1 and No. 2. The predominance of certain coniferous
species in the stands leads to an aggravation of
competition, which reflects the positive coefficients of
skewness.

A great informative load is borne by the nature
of the kurtosis of the variation curve of distribution
of one or another taxation feature of the stand. The
pronounced negative kurtosis of the stand distribution
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Abstract

Woody plants at urban greeneries in Lithuania are injured by rust fungi of 13 genera, 28 species: Coleosporium
pulsatillae, C. tussilaginis, Cronartium flaccidum, C. ribicola, Cumminsiella mirabilissima, Gymnosporangium
clavariiforme, G. confusum, G. cornutum, G. sabinae, G. tremelloides, Hyalopsora aspidiotus, M. allii-fragilis,
M. allii-populina, M. caprearum, M. epitea, M. laricis-populina, M. populnea, Melampsora ribesii-viminalis,
M. salicis-albae, Melampsorella caryophyllacearum, Melampsoridium betulinum, M. carpini, Ochropsora ariae,
Phragmidium tuberculatum, Pucciniastrum areolatum, P. symphyti, Uromyces caraganicola, U. pisi-sativi. During
2009 — 2017 Gymnosporangium sabine had the strongest damages (from 0.21 + 0.00 to 2.43 + 0.33 grades) on Pyrus
pyreaster, the weakest damages had done G. cornutum on Sorbus intermedia and S. x thuringiaca ‘Fastigiata’— 0 -1

+ 0.58 grades.

Key words: woody plants, Uredinales fungi, urban greenery, Lithuania.

Introduction

Green areas are an important component of urban
areas. The basic requirements for greeneries are
durability and longevity. In order to achieve this, it is
necessary to know the principles of greeneries design
and choices of plant assortment (Januskevicius &
Navys, 2012). For formation process, it is important
not only to correctly assess plant compositions but
also evaluate their ecological, biological properties
(Jakovlevas-Mateckis, 2003). Since January 1*
2008 in Lithuania the law on Gardening came into
force (2008.01.14, Nr.D1-31). In its program ‘On
monitoring the status of green areas and green
plantations’, there were provided tasks and solution
tools for data and other information collection on
green areas and plantations in the territories assigned
to municipalities in order to properly assess, predict
and manage their status (Order ..., 2008). It is a part
of the work to preserve and develop (introduce) new
greeneries in cities, to maintain them as aesthetically,
ecologically, historically important elements of the
landscape, to form a full-fledged system of green areas
(Grikevicius, 2009). These studies accumulate data on
a spread of different groups of pathogens.

One of the most commonly occurring plant
pathogens are obligately parasitic, host-specialized
rust fungi of the order Uredinales in the Basidiomycota.
They cause premature defoliation, sprouts deformation,
ruin cone seeds (Pucciniastrum areolatum (Fr.) G.H.
Otth.), provoke sprouts densification (Melampsorella
caryophyllaceaerum (Link) Schroet), etc. Their
cognition has a theoretical and practical significance
(Minkevicius & Ignatavicitite, 1991). Studies on these
fungi in Lithuania began at the beginning of the 19th
century and consistently — 20" century (Minkevi¢ius
& Ignataviciute, 1991). During 1937 — 1984 there
were described 250 fungi species (Minkeviciaus &
Ignatavicitte, 1991; 1993). Subsequently, additional

researches were carried out and a monograph “Mycota
Lithuania, Uredinales” (1, 2 parts) (Minkevicius &

Evolution life cycles of Uredinales consist of
several sporefication stages, which, for the most part,
are passed through on plants belonging to two different
taxonomic groups (pleomorphism). The complete
sporefication cycle consists of five life stages, at
which spores are formed: spermagonia (small spore
deposits), aecia (aeciospores accumulation, dry,
light yellow to orange, wind-dispersed), uredinia
(uredioniospores accumulation, dry, orange to rust-
colored or purplish, wind-dispersed), telia (teliospores
accumulation, vary greatly in color, from dark brown
and light brown, not dispersed or are dispersed only
short distances), basidiospores (sprout after the rest
period from teliospores). Some of rust fungi species
pass all five stages — macrocyclic, if telia stage is
1991). Damp and warm climate intensifies rust fungi
development.

Aim of the work: to describe the variety and
damage intensity of Uredinales fungi in Lithuanian
city urban greeneries.

Materials and Methods

In order to systematize previous studies of
Uredinales fungi in Lithuania, a retrospective analysis
of literature sources was performed: using an online
access for accumulated literature in Phytopathology
group in Kaunas Botanical Garden of Wytautas
Magnus University.

In order to determine the prevalence of Uredinales
fungi, in 2009 — 2017, the monitoring of plant status in
recreational plantations in Lithuania was carried out,
taking an example of Alytus and Kaunas cities. These
cities have a rich plant variety in their greeneries:
woody plants to be observed in Alytus — 4040 (57
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genera, 98 species, 30 cultivars) and in Kaunas, the
second largest city of Lithuania — 2 441 (52 genera, 79
species, 19 cultivars) (according http://aplinkosauga.
alytus.lt/documents/78415/113236/Alytus_%20
zeldynu%20stebesena_2017.pdf; www.kaunas.
It/wp-content/uploads/sites/13/2015/04/Kaunas_
stebesena_2017-ATASKAITA. pdf,). The monitoring
was carried out annually from July to August. The
plant names were described according to M. Griffiths
(1997). Rust has damaged 10 genera, 15 species and 2
cultivars plants in recreational urban greeneries.

Uredinales fungi were identified visually,
according to disease symptoms and disease agents —
fungi morphological features, using binocular lupus.
Other species fungi were identified by microscoping in
accordance to characterizers, according to descriptors:
A. Minkevi¢ius & M. Ignatavi¢itute (1991, 1993), W.
A. Sinclair & H. H. Lyon (2005), L. Orlikowski &
A. Wojdyla (2010). Fungal names are described in
accordance with generally accepted (interactive)
code Index fungorum (http://www.indexfungorum),
the climate conditions in Lithuania are described
according to: http://www.meteo.lt/, and optimal
condition for fungi development — according to W. A.
Sinclair & H. H. Lyon (2005).

Rust fungi damage intensity was evaluated in
grades in a 0 — 4 grade system: 0 grades — injured less
than 10% of plant leaves; 1 grade — injured 11 — 30%
of leaves; 2 grades — injured 31 — 60%; 3 — injured
61 — 80%, plant dries noticeably; 4 grades — injured
more than 81% of plant surface, plant dries (Juronis,
Snieskiené & Zeimavicius, 1999).

Disease intensity (average grade of damage)
calculated using the formula:

V =X(nxb)

N ()
where V —average grade of damage, X(n - b) — the sum
of multiplications of equally injured (in grades) plant
numbers and injury value, N — the number of valuated
plants.

Results and Discussion

Literature analysis ascertains woody plants in
Lithuania to be injured by fungi of 13 genera, 28
species, among them fungi of 11 genera, 23 species of
macrocyclic development stage and 1 genus, 5 species
of demicyclic stage (Table 1)

During the years 2009 — 2017 status monitoring
of urban greeneries ascertained the spread and

Table 1

Uredinales fungi diversity on woody plants in city greeneries in Lithuania, 2009 — 2017

Rust fungi species,
developmental cycle:
* macrocyclic,
** demicyclic

Host plants
(developmental stage:
spermagonia, aecia)

(developmental stage:

Host plants
References
uredinia, telia)

Coleosporium pulsatillae
(F. Strauss) Fr.*

Pinus sylvestris,
P. mugo

Pulsatilla Mill.

Minkevicius & Ignataviciiite, 1991

C. tussilaginis (Pers.) Lév.* | Pinus L.

Tussilago L.

Pinus sylvestris L.,
P. mugo Turra

Senecio L.

Cronartium flaccidum
(Alb. et Schw.) Wint.*

Pinus sylvestris L.

Paeonia L., Asclepias L.,
Pedicularis L. ir kt.

Minkevicius & Ignataviciiite, 1991

C. ribicola J.C. Fisch. * Pinus strobus L.

Ribes L. Minkevi¢ius & Ignataviditité, 1991;

Grigalitnaité, 2011; Snieskiené &
Stankevi¢iené, 2013; Stankevi¢iené
2016; Ziogas et al., 2008

Cumminsiella mirabilissima
(Peck) Nannf.*

Malonia aquifolium
Nutt.

Malonia aquifolium Nutt.

Amelancher Medik.,
Crataegus L., Pyrus
L., Sorbus L.

Gymnosporangium
clavariiforme (Wulfen) DC **

Juniperus L.

Minkevicius & Ignataviciiite, 1991

Cotoneaster Medik.,
Crataegus L., Cydonia

G. confusum Plowr. **

Juniperus L.

Grigalitinaité, 2011

Mill., Pyrus L.
G. cornutum Arthur ex F. Kern | Amelanchier Medik., |Juniperus L. Minkevicius & Ignatavicitite,
(=G. juniperi) ** Sorbus L. 1991; Grigalitinaité, Meskauskiené,

& Matelis, 2006; Snieskiené &
Stankevi¢iené, 2013
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Rust fungi species,
developmental cycle:
* macrocyclic,
** demicyclic

Host plants

(developmental stage:

spermagonia, aecia)

Host plants
(developmental stage:
uredinia, telia)

References

G. sabine (Dicks.) G. Winter.

**k

Pyrus L.

Juniperus sabina L.

Grigalitnaité, 2011; Grigalitinaité
& Matelis, 2014; Nekrosiené, 2006;
Stankeviciené, 2016

G. tremelloides R. Hartig **

Malus Mill., Pyrus L.,
Sorbus L.

Juniperus L.

Minkevicius & Ignataviéiaté, 1991

Hyalopsora aspidiotus (Peck)
Magnus*

Abies alba Mill.
A. balsamea (L.) Mill.

Gymnocarpium
dryopteris (L.) New.

Melampsora allii-fragilis
Klepb.*

Allium L.

Salix fragilis L.,
S. pentandra L.

(=M. laricis-epitea)

M. allii-populina Kleb.* Allium L. Populus balsaminifera Minkevi¢ius & Ignataviciute, 1991;
L., Px canadensis Stankevi¢iené & Snieskiené, 2012
Moench, P. nigra L.

M. caprearum Thum. * Larix Mill. Salix L., S. caprea L. Minkevi¢ius & Ignatavi¢iate, 1991

(=M. larici-caprearum)

M. epitea Thiim. * Larix Mill. Salix L., Salix fragilis L. | Minkevicius & Ignatavicitite, 1991

M. laricis-populina Kleb. *

Larix decidua Mill.

Populus nigra L.,
P.x canadensis Moench,
P. suaveolens Fisch.

Minkevicius & Ignataviciate, 1991;
Grigalitinaité, 2011; Grigalitinaité,
Meskauskiené, & Matelis, 2007,
Snieskiené & Stankevicieng, 2013;
Stankeviciené, 2014

M. populnea (Pers.) P. Karst.*
(=M. laricis-tremulae;
M. pinitorqua)

Larix decidua Mill.

Populus alba L.,
P, tremula L.,
P. balsaminifera L.

Pinus contorta,
P. mugo Turra,
P. sylvestris L.

Populus alba L.,
P. tremula L.

Ziogas et al., 2008, 2006

& Padamsee (=M. symphyti)*

M. ribesii-viminalis Kleb.** Ribes L. Salix viminalis L. Grigalitnaité, Matelis, &
Stackevic¢iené, 2009

M. salicis-albae Kleb. * Allium L. Salix alba L., S. fragilis | Minkevi¢ius & Ignatavic¢itté, 1991
L.

Melampsorella Abies Mill. Cariophyllaceae: Minkevi¢ius & Ignatavi¢iate, 1991

caryophyllacearum (DC.) J. Agrostema L., Arenaria

Schrét. * L.

Melampsoridium betulinum Larix Mill. Betula L. Minkevi¢ius & Ignatavi¢iate, 1991

(Pers.) Kleb.*

M. carpini (Nees) Dietel* Larix Mill. Carpinus L., Corylus L. | Minkevi¢ius & Ignataviciate, 1991

Ochropsora ariae (Fuckel) Anemone L. Malus Mill., Pyrus L., Minkevi¢ius & Ignatavi¢iate, 1991

Ramsb.* Sorbus L.

Phragmidium tuberculatum Rosa cult. Rosa L. Minkevi¢ius & Ignataviciate, 1991;

J. Mall. * Grigalitinaité, 2011

Pucciniastrum areolatum Picea abies Padus avium Mill., Minkevicius & Ignataviciaité, 1991

(Fr.) G. H. Otth * (L.) H. Karst. Prunus L., Cerasus Mill.

(=Thekopsora areolata)

P. symphyti (DC.) McKenzie | Abies alba Mill. Symphytum L. Minkevi¢ius & Ignatavi¢iate, 1991

Uromyces caraganicola
Henn.*

Euphorbia L.

Caragana arborescens
Fabr.

Minkevi¢ius & Ignatavicitte, 1991

U. pisi-sativi (Pers.) Liro (=
U. laburni)*

Euphorbia L.

Laburnum anagyroides
Med.

Minkevicius & Ignataviciate, 1991

diversity of currently most prevalent rust fungi in
urban greeneries (Table 2). During the monitoring of
green plantations, it was determined that rust fungi
belonging to 5 genera, 11 species in various intensity

are

have injured woody plants of 10 genera, 15 species

and 2 cultivars in recreational urban greeneries.

Fungi rust agents mostly common in Lithuania
Gymnosporangium

sabinae, G. cornutum
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Table 2

The diversity and violation intensity of rust fungi in urban greeneries in Lithuania, 2017

Rust fungi species / Host plants species, number of investigated plants

Average damage grade / Years

2000 | 2010 | 201 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
Cronartium flaccidum (Alb. & Schwein.) G. Winter. / Pinus sylvestris L., 25
| | | | | |001x004| o | o0
C. ribicola J. C. Fisch. / Pinus strobus L., 9
0 0 1$0.36 | 1.15:0.14 0 1.25:0.14 | 1:0.36

Gymnosporangium clavariiforme Dietel. | Crataegus monogyna Jacq. 68

0 | 0 | 0

| 0.56+0.06 | 0.9+0.38 |

2403 | 1.18+0.49 | 1.18+0.49 | 2+0.17

G. confusum Plowr. | Juniperus sabina L., 43

| | 0.03:0.1 | 0.03+0.1 [ 0.03+0.1 | 0.03+0.1 | |

G. cornutum Arthur ex F. Kern. / Sorbus intermedia (Ehrh), 51

0.09+058 | | 0 | o |

1+0.58 | 0.01#05 | 1+058 | 0.01+05 |

G. cornutum Arthur ex F. Kern. / Sorbus x thuringiaca ‘Fastigiata’, 12

o | o [ o | o |

14058 | 0 | 1+058 | |

G. sabine (Dicks.) G. Winter / Pyrus pyraster Rehder, 7

0.21£0.00 | 2.11+0.0 | 05+0.00 | 1.5+0.00 | 1.03+0.00 | 1.03+0.00 | 2.43+0.33 | 1.1+0.0 | 1+0.00

Melampsora caprearum Thim. / Salix alba “Tristis’, 98

| | | 1:000 |

1+0.24 | 05+0.25 | 1+0.00 | |

M. caprearum Thum. / Salix caprea L., 57

044001 | 24001 | 2+0.01

| 1x001 | 1.1#001 | 1.1+0.01 | 2+0.01 | 0.1+0.01 |0.01+0.01

M. epitea Thiim. / Salix fragilis L., 2

0.7+0.37 | 003037 | 04:0.37 | 0.9+0.37 |

0:0.37 | 1:0.37 |0.09:0.37 | 1x037 | 0

M. laricis-populina Kleb. | Populus x berolinensis Dipp. 10

0 | 1156017 | 1.23:057 | 1037 | 1037 | 1065 |2.16+0.17 | 0.01+0.37 |
M. laricis-populina Kleb. / Populus x canadensis Moench, 62
26048 | 2t048 | 0 | 0 | 113:024 | | 0.0120.14 | |
Melapsoridium betulinum (Pers.) Kleb. / Betula pendula Roth, 508.
0.01:0.01 | 0.01#001 | 0.01x001 | 0012001 | 0  |0.01:001 003001 0 | 0
M. betulinum (Pers.) Kleb. / Larix decidua Mill., 68
0.0240.01 | 0.01#0.01 | 0.03+0.01 | 0.03+0.01 | 0.02+0.14 [ 0.02+0.01 | 0 | 0.01#0.1 | 0.1+0.1

Phragmidium tuberculatum Jul. Mill. / Rosa canina L., 4

0 | 24010 [ 0.85+0.10 | 1.14+0.27 |

1+1.12 | 0.01+0.29 | 0.01+0.04 | 0.01+0.29 |

(=G.  juniperi) and G. clavariiforme. Optimal
development for fungi is wet weather in spring and
wet, dry weather with temperatures of 18 — 21 °C
in summers. During the research period, plants of
4 species were injured by various grades (from 0 to
2.43 + 0.33 grades) (Table 2). G. sabine common
in Lithuania, during all these years injured Pyrus
pyreaster. Fungi of these species hibernate in the
tissue of Juniperus commmunis, begins to develop in
spring, when humidity occurs, at the temperature of
10-30° (Labanowski et al., 2001). During the research
period Gymnosporangium cornutum (=G. juniperi)
had the smallest damage on Sorbus intermedia, S.
X thuringiaca ‘Fastigiata’. In 2010 and 2017, no
injuries of this rust were located, and a stronger

damage was noticed on S.x thuringiaca ‘Fastigiata’ in
2013, 2015 (1 + 0.58) (Table 2).

Melampsoraspp. isafungus cosmopolitan (Sinclair
& Lyon, 2005). About 27 species of Melampsora
genus fungi is being taken into account in Lithuania.
They are morphologically similar, and therefore
host plants are often regarded for their identification
to detect 3 species on plants of 5 species (Table 2).
Young (up to 10 years) pine trees at arboretums are
often injured by M. populnea (=M. pinitorqua). Pinus
contorta is often injured but more rarely P. sylvestris,
P. mugo. Their sprouts are distorted in “S” shape.
Failed to detect this rust, as it is a disease spreading
in arboretums, especially if Populus spp., P. tremula is
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in vicinity, part of the development of fungus passes
on it.

Cronartium ribicola is widespread in Lithuania on
Pinus flexilis James, P. strobus L., P. sibirica (Rupr.)
Mayer etc.). Fungus develops most favorably at the
end of summer with wet weather, temperatures not
exceeding 20 °C.

During the research period P. strobus was injured
most in 2015 (1.25 £ 0.14 grades). In order to limit the
spread of this dangerous disease, P. flexilis, P. strobus,
P. sibirica should not be taken to grow near currants
(Ribes L.), which are the only interim host plants of
this rust. In 2015, on thickened, bumpy branches of
P. sylvestris L. was detected Cronartium flaccidum.
Paeonia L. plants were detected to be growing nearby;,
whose leaves have dried up yet in July (uredinia, telia
develope on them).

Melampsoridium betulinum spread on Larix
decidua aside them grow young Betula pendula.
It carries a lot harm in arboretum. In spring on the
bottom side of Larix spikes form orange in color
aecia and Berula is spread over with aeciospores.
In summer, orange urediniospores develop on the
bottom side of birch leaves Uredinia developed
within 13 — 14 days at 12 °C, and they were killed by
exposure to 30 °C for 6 hours. In the hot, dry summer
of 2015, this rust was hardly detected.

Disease damaged spikes dry, fall before time
(Snieskiené, 2015). During research Melampsoridium
betulinum was found on both plant species (Table 2).

Phragmidium tuberculatum had the strongest
damage on Rosa canina in 2010 (2 £ 0.10). The most
favorable conditions to spread are at frequent wet
periods and temperatures of 18 — 21 °C in summer.

In order to limit the spread of fungus, a proper
plant arrangement is required. Plants, which are
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Abstract

Rhododendron spp. plants were surveyed for Phytophthora infection in Lithuania during 2010 — 2016. This study
aims to identify Phytophthora genus pathogen which infects rhododendrons in Lithuania. Samples were taken from
young sick plants with visible infection symptoms. Soil sampling was performed from the rhizosphere of sick plants.
DNA from soil and plant was tested for the presence of Phytophthora genus pathogens. Data showed positive results
of Phytophthora genus specific probe during real-time PCR. All tested diseased leaves and soil samples have indicated
Phytophthora sp. infection during Alert-LF® Phytophthora spp. analysis. The extracted DNA concentrations were
not very high for Phytophthora species identification, but in most cases, it was high enough for further researches.

Key words: Phytophthora genus, Rhododedron, Lithuania.

Introduction

Rhododendrons are popular between professional
and hobbyist abreast because of the great variety
(ca. 12000 cultivars) and exceptional decorativeness
(Malciut¢ & Naujalis, 2010). In Lithuania,
rhododendrons were first introduced in the Vilnius
Botanical Garden in 1814 (Skridaila, 1996). They
were seldom cultivated in Lithuania until the second
half of the 20th c. However, rhododendron plants
have spread rapidly in Lithuania during the last thirty
years (Navasaitis, 2004). Intolerance to the low and
negative temperatures is one of the most important
limiting factors for rhododendrons in Lithuania
(Malciiité, Naujalis, & Siaulien¢, 2011). However,
there is a shortage of information on the phytosanitary
state of rhododendrons in Lithuania. Several fungi
were isolated from rhododendrons in Lithuania,
e.g. Erysiphe azaleae (U. Braun) U. Braun & S.
Takamatsu and Exobasidium japonicum Shirai causing
rhododendron mildew and leaf blisters (Grigalitinaité
& Pribusauskaité, 2006; Lygis et al., 2010).

Phytophthora is plant pathogen genus belonging to
Oomycetes Which cause many plant species diseases.
The first Phytophthora infections isolated from
rhododendrons in other countries were documented

ca. sixty years ago. At least ten Phytophthora
species have been reported to be connected with
Rhododendron roots, twig, and leaf pathogenesis
worldwide: Phytophthora cactorum (Leb. and Cohn)
Schroet., P. cinnamomi Rands, P. citricola Sawada, P
citrophthora (R.E. Smith and E.H. Smith) Leonian, P,
cryptogea Pethybridge and Lafferty, P. gonapodyides
(Petersen) Buisman, P. lateralis Tucker and Milbrath,
P. megasperma Drechsler, P. nicotianae Breda de
Haan, P. palmivora (Butler) Butler, P. ramorum
Werres, De Cock & Man in ‘t Veld, and P. syringae
(Klebahn) Klebahn (Benson & Jones, 1980; Erwin
& Ribeiro, 2005; Hoitink & Schmitthenner, 1974;
Nienhaus, 1960; Werres et al., 2001). P. ramorum
first isolated from rhododendrons in Europe in 2002
(Orlikowski & Szkuta, 2002; Morajelo & Werres,
2002), the pathogen quickly spread to rhododendron
nurseries and outdoor plantations in many European
countries.

In Lithuania, the increasing number of
rhododendrons infected by Phytophthora genus fungi
has been reported (Table 1).

Phytophthora citricola was first isolated in
Lithuania from drying rhododendron branches and
top of twigs in 2002. It was isolated in Rhododendron

Table 1
Phytophthora species isolated from rhododendrons in Lithuania

Rhododendron species Year, authors P hys tsggte}éor “ Location Injuries

R. catawbiense 2002; JovaiSiené, Lane | P. citricola Marijampolé¢ district Branches and top

‘Grandiflorum’ of twigs

R. sp. 2004; JovaiSiené, Lane | P. cactorum Kaunas, private Leaf and twigs
collection

R. sp. 2004; JovaiSiené, Lane | P. cactorum Kaunas and Siauliai Leaf and twigs
Botanical Garden

R. catawbiense 2006; JovaiSien¢, Lane | P. ramorum Marijampolé district Leaf and twigs

‘Grandiflorum’
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catawbiense ‘Grandiflorum’ in the Marijampolé
district. Phytophthora cactorum was first isolated
from the collection of rhododendrons in Kaunas and
Siauliai Botanical Gardens in 2004 (JovaiSiené &
Lane, 2006). P. ramorum was first isolated on fifty
shrubs of Rhododendron catawbiense ‘Grandiflorum’
imported from Poland in the market centre of
ornamental plants in Marijampolé district (JovaiSiené
& Lane, 2006). This species was described at first on
oranges in Taiwan as a disease agent of brown rot in
1927 (Sawada, 1927). At present, P. citricola is spread
in Europe and it is a disease agent of collar roots and
stem canker in many economically important crops.
Therefore, it is considered as an aggressive pathogen.
The investigation on Phytophthora genus fungi
started in Lithuania State Plant Protection Service in
2002. Several years later, the investigation has started
in the Kaunas Botanical Garden of Wtautas Magnus
University (VMU).

This study was aimed to identify Phytophthora
genus pathogen infecting rhododendrons in Lithuania.

Materials and Methods

During 2010 — 2016 at least 6 samples were taken
from each place which had sick Rhododendron.
Samples were taken from young sick plants with
visible infection symptoms, e.g., top and leaf wilting,
leaf blotch and longitudinal twisting, leaf browning
along the main vessel, and twig necrosis. Soil sampling
was performed from the rhizosphere of sick plants.
The sampling place are Kaunas Botanical Garden of
Wytautas Magnus University and Alytus Park.

The taken samples are stored in the zip bags. They
could be stored under +4 °C for a longer period. Leaves
are washed with a tap water one time, branches and
pieces of the stem are washed two times. Dry parts
of plants are soaked into the tap water for 24 hours,
washed two times. Samples, cut from a necrosis
border are cut into 5x5 mm pieces and put into at least
four Petri dishes with growing medium under sterile
environment (Jung, Blaschke, & Neumann, 1996).

The soil bating is performed in a bath, which is
poured with distilled water for 2/3 of its volume. On
the water surface fresh oak or rhododendron leaves
are placed. The bath is left for 3 — 5 days maintaining
light/dark schedule and 18 °C temperature. The
leaves are removed from the bath, washed out with
tap water, divided into two parts and placed into the
growing media. The isolation and identification of
Phytophthora genus fungi is much more difficult in
comparison to the other microscopic fungi (Werres et
al., 2001). Therefore, various laboratory tests should
be performed for the identification at the species level.

Malt extract agar (MEA) was used for the
identification of Phytophthora species. MEA medium
is produced with chloramphenicol. The prepared

medium is autoclaved under 120 °C for 20 min.
(Erwin & Ribeiro, 2005).

The incubation time was 1 — 3 days in darkness
maintaining 24 °C. On the third day, Phytophthora
hives are usually visible from the bottom side of
the plate. Hives with medium pieces are transferred
to water agar (WA) medium with capsicum or hemp
seeds, which stimulate the formation of sporangia,
which are formed within a few days (Jung, Blaschke,
& Neumann, 1996).

The Phytophthora genus fungi identification at the
species level is performed according to descriptors
(Erwin & Ribeiro, 2005; Gallegly & Hong, 2008).

Soil and plants samples before DNA extraction
were tested for the presence of Phytophthora sp.
using Alert-LF® Phytophthora spp. ELISA devices
(Neogen Corporation). The soil probes were taken
around roots from sick Rhododendron plants.

The DNA from leaves was extracted using
NucleoSpin® Plant 11 kit (Mecherey-Nagel). The soil
samples were prebaited four days in a PeaBroth PARP
media and DNA was extracted using PowerSoil®
DNA Isolation Kit (MoBio). The PB-PARP (1000ml)
was prepared by autoclaving 100g of frozen peas
and using the following amendments: 0.25 g. of
ampicillin, 0.01g of pimaricin, 0.01 g. of rifampicin,
0.05 g. of hymexazol, and 0.05 g. of PCNB. Extracted
DNA quality was checked using spectrophotometer
NanoDrop  (Thermo  Fisher  Scientific) and
electrophoresis on TAE buffer. The presence of
Phytophthora genus DNA in samples was confirmed
using real time PCR (tests were performed at the
Polish Forest Research Institute) (Vitas et al., 2012).

Results and Discussion

In 2013 — 2015 we found sick rhododendrons in
Kaunas Botanical Garden nursery and Alytus Park.
The common symptoms of infected rhododendrons —
top and leaf wilting, leaf spots and twig necrosis.

All ELISA tests with soil and plants samples were
positive for Phytophthora spp. infection.

DNA extracted from soil and plant (leaves) was
tested for Phytophthora genus pathogens. All analyzed
samples showed positive results of Phytophthora
genus specific probe during real-time PCR.

The DNA concentrations of the extracted leaf
samples varied from 2.75 to 5.10 ng ml* (Table 2).
The DNA concentrations from soil samples were from
5.78 to 10.02 ng ml*. The ratio of sample absorbance
at 260 and 280 nm varied from 1.08 to 2.90 and the
ratio of sample absorbance at 260 and 230 varied
from 0.50 to 1.41. The results above show the positive
use of commercial kits for DNA extraction from
symptomatic leaves and soil.

All 6 samples were recognized by Phytophthora-
specific probe. Based on this all samples can be
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Table 2
DNA concentrations, quality characteristics of extracted samples and results of
Phytophthora genus specific real time PCR
RhOdOde."dron City, place P;:;r?tf gr]e DNA_l abr\;?)trlt())a?::e abF;?)trIt())a(r)]]::e Ct
species soil (g mP] 1 og0i280 260/230
R. catawbiense Kaunas Botanical Garden leaves 2.75 2.42 0.92 17.70
R. sp. Alytus Park leaves 5.10 1.16 0.52 24.50
R. catawbiense Kaunas Botanical Garden soil 6.96 1.57 0.50 25.07
R. catawbiense Kaunas Botanical Garden soil 10.02 1.83 0.79 25.91
R. catawbiense Kaunas Botanical Garden soil 7.11 1.08 0.75 20.63
R. sp. Kaunas Botanical Garden soil 5.78 2.90 1.41 25.62

considered as containing Phytophthora DNA. The
amount of DNA in the sample is expressed by the
Ct wvalue. Lower value means that more
Phytophthora DNA is present in the sample. The
lowest (Ct=25.91) amount of pathogen DNAwas found
in soil of Kaunas Botanical Garden rhododendron
nursery (Table 2).

The extracted DNA concentrations were not
very high for Phytophthora species identification,
but in most cases, it was high enough for further
researches.

Phytophthora genus pathogens spread is favoured
by environmental conditions: soil flooding and excess
moisture, droughts, and temperature extremes (Erwin
& Ribeiro, 2005). Also, an intensive international
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Abstract

The article provides the research data on the variation of organic matter in the Jaugila Stream, which flows through
drained fields fertilized with organic fertilizers. The aim of the research was to determine the effect of manure
application in drainage basin to the changes of organic matter concentration in the Jaugila Stream.

Water samples for chemical analysis were taken once a month from the drainage water and the river. The samples
from the river were taken upsream and downstream manure fertilized fields and the drainage water — from the outlets
of the drainage system, which drains the fertilized area. Water analysis was performed by the Analytical Laboratory
of Chemical Analysis of the ASU Water Research Institute. BOD, was determined by titrometric method.

The research has shown that a greater impact on the increase of BOD, concentrations in the Jaugila Stream was due
to the stream water, saturated with the organic matter, flowing from the upstream areas, rather than the drainage water
flowing into this stream from manure fertilized area. The assessment of BOD, concentrations according to the water
quality requirements for surface waters determined that in most cases the water of the Jaugila Stream, both in above
and below fertilized areas, was in a very good or good ecological status. The impact of manure fertilized areas on the
organic matter concentration in the stream was determined to be minimal, as the statistical analysis of the data has

shown that the difference between BOD, concentrations above and below fertilized areas is negligible.
Key words: BOD,, concentration, drainage water, ecological status, surface water.

Introduction

A diffuse source agricultural pollution has a big
impact on the status of water bodies (Ballantine &
Davies-Colley, 2014; Ilijevi¢ et al., 2012). Due to the
intensive development of agricultural activity in the
Middle Lithuanian Lowland, where the most fertile
soils of Lithuania are located, the water quality of
streams in this region is greatly impaired. Especially
where livestock is being developed (Wen et al., 2017).
Organic fertilizers formed on the farm are spread out
in the fields, but due to unfavourable meteorological
conditions some of them are washed out into
surface waters. A decreasing trend of water
pollution in streams has recently been observed.
According to the 2011 — 2017 National Environmental
Monitoring data, 51% of rivers and 40% of lakes
in Lithuania still do not meet the criteria for good
ecological status (Valstybinio..., 2016). From the
organic pollution point of view, the river water
quality was determined to be slightly better,
except for the Sesupe sub-basin, where high
concentrations of biochemical oxygen consumption
over 7 days (hereinafter — BDS,) were identified,
which correspond to a very bad and bad water quality
(2016 m. upiy..., 2016).

The Water Framework Directive obliges the EU
Member States to take the necessary measures to
prevent the deterioration of the status of surface and
groundwater bodies and to achieve their good status
by 2015 at the latest. However, if failing to do so, this
term is proposed to be extended until 2021 or even
until 2027 (Dél vandeny..., 2017). The analysis of the
status of the surface water bodies in Lithuania has

shown that it is improving, but not enough. On the
1st February 2017, the Government of the Republic
of Lithuania has adopted a resolution ‘On the
Approval of the Program for the Development of
the Water Area During 2017 — 2023’ which states that
the focus will be on prevention of water pollution
during the mentioned period. One of the tasks is to
reduce the pollution of water bodies from agricultural
pollution sources.

Diffuse source pollution is greatly increased by
the livestock farms, which produce large amounts
of manure. To ensure a proper use of nutrients from
the organic fertilizer, fertilization plans are being
developed. However, the occurring natural processes
are not always manageable; therefore, there are cases
when nutrients are washed out of the soil. The fact that
organic pollutants are in surface water can be judged
by biochemical oxygen consumption concentrations:
when they are high, it can be claimed that the water
body is contaminated (Simon et al., 2011). In manure
fertilized fields when the drainage water is lacking
oxygen, the concentration of organic matter increases
(Malik, 2016). In drained cultivated areas, such water
quickly reaches the surface water bodies by drainage
and contaminates them.

The aim of the research was to determine the effect
of manure fertilized fields on the changes of organic
matter in the Jaugila Stream.

Materials and Methods

Drainage and surface water quality research was
conducted during 2008 — 2012 (Figure 1). The area
selected for research is fertilized by cattle manure,
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Figure. 1. The scheme of research object. Ja — Jaugila stream’s water sampling point
above manure fertilized area, JZ — Jaugila stream’s water sampling point below
manure fertilized area, Dr — subsurface drainage outlet.

making from livestock farm (629 conditional
livestock). Drainage water flows into the stream via
drainage outlet. The area of the drainage system is
27.1 ha. Jaugila is a stream of Nevezis River basin
flowing through cultivated land. It is the left tributary
of the Smilga Stream. The length of the sream -
33.2 km, the basin area—61.8 km?2. The Jaugila Stream
valley from its springs to 28.9 km is regulated. It is
assigned to the risk group of water bodies due to water
quality and straightening (Aplinkos..., 2010).

To fertilize the research fields, litter-free manure
of cattle was used, and the fertilization took place in
spring. According to the fertilizing value of manure,
the following contents of total nitrogen passed into
manure-fertilized fields each year: 2008 — 169 kg
ha?, 2009 - 168 kg ha?; 2010 — 169 kg ha?, 2011 -
169 kg ha*, 2012 - 170 kg ha'. P . passed into
the fertilized fields as follows: 2008 — 23 kg ha?,
2009 - 27 kg ha*; 2010 — 28 kg hat, 2011 — 34 kg ha’,
2012 - 36 kg hal. Potassium passed into the
fertilized fields as follows: 2008 — 239 kg ha, 2009 —
197 kg ha'; 2010 — 202 kg ha*, 2011 - 260 kg ha’,
2012 -223 kg hat. Maize for cattle forage was grown
in experimental fields.

To determine the rainfall and air temperature,
data from Dotnuva Meteorology Station were used
(Table 1).

Precipitation had distributed unevenly in the object
during the research period. During the whole research
period, the precipitation amount was higher than the
climate normals from 1% in 2008 and 2001 to 30% in
20009. Precipitation, 28% over the climate normals, has
fallen in 2010 and 2012. The average air temperature,
higher than the climate normals, was in 2008, 2009
and 2011, +1.5, +0.2 and +0.9 respectively, and lower
than the climate normals in 2010 and 2012, -0.8 and
-0.3 °C respectively.

During the wet years, 2009 and 2012, the drainage
operated throughout the year, except in 2010, when,
due to a very low average air tempetature in January
(-10.7), February (-4.4), and March (-0.2), there was
no drainage runoff. During the dry year in 2008, the
drainage runoff during May — October months did not
form due to 47.8 mm lower precipitation amount and
0.4°C higher air temperature compared to the climate
normals. In 2011, a dry year as well, the drainage
operated throughout the year (during summer-autumn
time the precipitation amount was 30.7 mm higher
than the climate normals), except February when
the average air temperature was -7.7 °C (the climate
normals: -3.3 °C).

Water samples for chemical analysis were taken
once a month from the subsurface drainage system
which is installed in the fertilized area and the

150

RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1



VARIATION OF ORGANIC MATTER
CONCENTRATIONS IN STREAM WATER IN
MANURE FERTILIZED FIELDS

Stefanija Miseviciené

Table 1
Meteorological conditions of the study periods
Indices ear

2008 2009 2010 2011 2012
Precipitation, mm 574 736 722 574 723
% of the climate normals 101 130 128 101 128
Average air temperature, °C 8.5 7.2 6.2 7.9 6.7
Deviation from the climate normals, °C +1.5 +0.2 -0.8 +0.9 -0.3

Note. Climate normals in Dotnuva: annual precipitation amount — 566 mm, average yearly air temperature 7.0 °C.

stream. The samples from the stream were taken at
the points situated above and below the fields under
fertilization. The drainage water samples were taken
from the drainage outlet. Water analysis, according to
the methodology provided in literature (Unifikuoti...,
1994), was performed by the accredited Analytical
Laboratory of Chemical Analysis of the ASU
Water Research Institute. BOD, was determined by
titrometric method (Vincler), with the difference in
oxygen level being calculated after seven days of
incubation.

The surface water bodies’ quality is currently
assessed according to “The Surface Water Bodies’
State Evaluation Methodology” approved by the
Minister of Environment of the Republic of Lithuania
(PavirSiniy..., 2010). According to this methodology,
the ecological state of rivers is divided into 5 classes
from a very good (BOD, <2.3), good (BOD, - 2.3 -

3.3), moderate — (BOD, - 3.31 - 5.0), poor (BOD, -
5.01-7.0) and a very bad state — BOD,>7 mg O, I'*.

The composition of manure was identified from
one extract prepared by burning with concentrated
sulphuric acid (H,SO,) and selenium (Se) catalyst.
Nitrogen was identified by Kjeldal method,
phosphorus — by molybdic method.

Mathematical and statistical analysis of the data
was performed using the computer programs MS
Excel 2010 and Statistica v.5.

Results and Discussion

During the research period the concentrations of
organic matter in Jaugila stream above fertilized area
(Ja) changed from 0.74 to 11.1, and below it (JZ) —
from 0.9 to 11.6 mg O, I'* (Figure 2).

It was determined that in most cases the water of
the Jaugila Stream, both in above and below fertilized
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Figure 2. Variation of BDS, concentrations in the Jaugila Stream above (Ja) and below (JZ)
fertilized areas as well as from the drainage system (Dr).
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Table 2

The impact of BOD, concentrations of drainage and water flowing from above fertilized areas to
Jaugila Stream water quality below fertilized areas

Indices Equation n r b o 0506 o
Ja y=0.0211x,%+0.6946x,+0.4987 37 0.96 2.03 73.39
Dr y=-0.1495x,7+1.8969x,-1.5443 37 0.56 2.03 4.93

Note: y — BOD, concentration in the water of Jaugila Stream in the point below fertilized areas (Jz), mg O, I; x, - BOD,
concentration in the water of Jaugila Stream in the point above fertilized areas (Ja), mg O, I'*; x, — BOD, concentration
in drainage water, flowing into the Jaugila Stream from the fertilized areas (Dr), mg O, I'; n — sample data points, r -

sample correlation coefficient, t,  — calculated Student’s t-test,t,__ ...

relationship is significant when t_ <t

theor.95%  fact.’

areas, according to BOD,, concentrations correspond
to a very good and good ecological status. There
were only two cases when the BOD, concentrations
reached the limit of a very bad ecological status. The
average concentrations of organic matter during the
research period in the Jaugila Stream were 2.64 O,
I in the point above-fertilized area and 2.73 mg O,
I in the point below fertilized area. However, the
statistical data analysis has shown that the difference
between these concentrations is negligible (t, =0.22
<ttheor,95%:2'0’ n:37)'

In Lithuania, the requirements for drainage water
quality from manure fertilized areas according to
BOD, have not been established. Therefore, BOD,
concentrations in drainage water were compared to
the requirements for the quality of surface water. The
analysis showed that the drainage water corresponded
to a very good and good ecological status, except in 4
cases when the water quality was found to be in a very
bad 7.12 (25.01.2009) and 7.48 mg O, I"* (18.04.2010)
as well as poor 5.23 (29.03.2009) and 5.49 mg O, I
(09.05.2010) ecological status.

It was found that a great impact on BOD,
concentrations in the stream below fertilized area
was due to the water flowing from the upstream area
(r=0.96; t, =73.39>t,  ..,=2.03; n=37) as well as
the drainage water flowing into this stream from the
fertilized area (r=0.56; t,_=4.93>F .. =2.03;n=37).
The following equations were derived (Table 2):

Water temperature has a big impact on the increase
in BOD, concentrations. The warmer the water in
the stream, the higher the observed concentrations
(r=0.45; t_=3.39>t =2.0; n=37):

fact theor.95%

y =0.2668x + 0.8486 ; (1)
here y — BOD, concentration in the Jaugila Stream
water, below fertilized area (Jz), mg O, I,

x — water temperature in the Jaugila Stream water,
below fertilized area (JZ), °C.

Figure 3 shows that the maximum concentration
deviations from the mean value of BOD, concentration

- theoretical 95% probability of Student’s t-test=2.03;

were observed in autumn, summer and spring, and in
winter these deviations were small. This means that,
as the air was getting warmer, the concentrations
of organic matter in streams increased due to the
influence of the temperature, which creates conditions
for different physical, chemical, biochemical and
biological processes in the water (Tilickis, 2005).
The BOD, concentrations in streams’ water begin
to increase when water temperature reaches more than
5 °C (Rudzianskaité, 2009).

So, the seasonality is characteristic to the variations
in BOD, concentrations in the Jaugila Stream. The
highest average values were observed during spring.
This is usually influenced by the concentration of
suspended solids due to the increased water flow (Ebise
et al., 2003). In spring the water flows are the greatest
due to the snow melting, therefore the concentrations
of organic matter increase. However, they are lower
than those from urbanized areas (Ghane et al., 2016).
In the point above fertilized areas (Ja) they were 3.8
and below them (Jz) — 4.4 mg O, I". Research data
shows that higher average concentrations of organic
matter in spring, summer and autumn were found in
the Jaugila Stream in the point below fertilized area,
4.4,3.5and 3.0 mg O, I respectively. Only during the
winter period they were 0.1 mg O, I lower than above
fertilized area. Higher average BOD, concentrations
in drainage water were observed in spring and winter,
2.94 and 2.5 mg O, I'* respectively. In summer and
autumn, they were the lowest and varied from 1.5 to
1.0 mg O, I* (Figure 3).

A statistical analysis of each season was carried out
to determine the effect of water flowing from the above
fertilized areas and drainage water inflowing from the
areas fertilized with organic fertilizer on the water
of the Jaugila Stream in the below fertilized areas.
Undoubtedly, these factors had a significant impact
on the river’s water, as the established relationships
were very strong. The following relationships were
determined during the spring, summer, autumn and

winter seasons (r=0.97; F_=58.99>F . =47,
n=10); (r=0.89; F_=14.63>F . =47, n=10);
(r=0.92; F_=17.77>F, =51, n=9); (r=0.93;
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Figure 3. Seasonal variation of BOD, concentrations in the Jaugila Stream and drainage water.

F. =16.39>F and

fact i theor.QS%:
dependencies:

5.8; n=8) respectively,

In spring z = 0.436295 + 0.999243x, —0.025294x,; (2)
In summer z = 0.469562 + 0.563643x, + 0.345824x,; (3)
In autumn z = 0.245256 + 0.565841x, +0.475830x,; (4)
In winter z = 0.362815+ 0.938675x, —0.099747x,.  (5)

here z — BOD, concentration in the water of Jaugila
Stream in the point below fertilized areas (Jz), mg O, I,
X, —BOD, concentration in the water of Jaugila Stream
in the point above fertilized areas (Ja), mg O, I,

X, — BOD, concentration in drainage water, flowing
into the Jaugila Stream from the fertilized areas (Dr),
mg O, I~

Partial correlation showed that during the spring
season, the increase in the BOD, concentrations in the
water of Jaugila Stream below fertilized areas was due
to the water coming from the above areas (r,=0.97),
and the drainage water had no impact at all (r,=-0.08).
During the summer and autumn seasons, the increase
in organic matter in the stream was influenced both by
the water coming from the above areas and drainage
water, (r,=0.84), (r,=0.69) and (r,=0.82), (r,=0.52),
respectively. During the winter season, the increase
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Abstract

Establishment of sedimentation ponds is a method to reduce the negative impact of forest management (fellings,
drainage) on the quality of nearby rivers, lakes and streams. The aim of the study was to determine the efficiency of
sedimentation ponds in forest drainage systems during high precipitation periods. Nine sedimentation ponds with
different drainage areas were analyzed. The sedimentation ponds are located in the northern part of Latvia on different
types of soils and managed by the Joint Stock Company ‘Latvia’s State Forests’. In order to determine efficiency of
these ponds the following parameters in water samples were measured: nitrate (NO,’), ammonium (NH,*), phosphate
ion (PO,*), total nitrogen and total suspended solid concentration. The amount of precipitation was taken into account.
Results show that there is a correlation between the amount of precipitation and concentrations of total suspended
solids and total nitrogen. Ammonium ion concentration was the only parameter that significantly exceeded water-
quality standards in Latvia. Only one of the objects had high concentration of pollutants, which could be explained
with the peaty soil of its drainage area. In further studies data should be collected more frequently, three or four days

during one precipitation period.

Key words: sedimentation pond, nitrate, ammonium, phosphate, total nitrogen, total suspended solids.

Introduction

After periods of heavy rain a large amount of
runoff water infiltrates into groundwater. While
water is moving through soil, it disturbs and absorbs
particles of organic and inorganic compounds. A large
portion of this water finds its way to drainage system,
if the forest is drained and then flows into the rivers
and further in seas. Biogenic elements and suspended
solids have a negative effect on water quality. Most
of these particles are harmful to fish and other aquatic
wildlife, and induce growth of Chlorophyta and
Cyanophyta, which produce toxins (Campanella et al.,
2001). The task of sedimentation ponds is to collect
and to detain the flow of suspended particles and
biogenic elements from forest drainage systems and
to protect the quality of nearby water bodies. Increased
availability of phosphate ions (exceeding 0.5 mg L)
and sufficient amount of nitrogen promote excessive
plant growth. The concentration of nitrates in
pure drainage systems is 0.4 — 8 mg L*, while
contaminated — up to 50 mg L* (Klavigs, 1995). If
concentrations of both types of ions in water samples
collected from a sedimentation pond do not exceed the
limit values, the pond can be considered as effective.

The size of incoming particles is very important
for the sedimentation pond to work efficiently. If the
size of suspended particles is small, such as unbound
ions, their deposition will not occur so quickly and
they can reach the further watercourse. If the size
of these particles is large and the water flow in the
sedimentation pool is very small, most pollutants
will be detained (Klave, 2000). Properly constructed
sedimentation ponds can hold up to 90% of suspended
particles (Joensuu, Ahti, & Vuollekoski, 1999). Soil
type and vegetation also play an important role in

deposition efficiency. In most studies, the efficiency of
phosphorus accumulation the buffer zone is calculated
from the total input and output of total phosphorus
or the concentration of water between the sections
with or without sedimentation pond (Vainénen,
2008). After cleaning drainage systems, ditches are
unstable and minerals are often washed out. Heavy
mineral particles deposit in the sedimentation pond,
thus reducing the depth and area for deposition of
biogenic and solid suspended matter (Joensuu, 1997).
Sedimentation ponds should be cleaned regularly to
make them work more efficiently.

Over the last 20 years extensive studies have been
carried out on sedimentation ponds in various nutrient
rich soils, but there are not many extensive reports
about heavy rainfall influence on sedimentation
efficiency. Based on the analysis of the existing
situation, the aim of this study is to determine the
efficiency of sedimentation basins in forest drainage
systems during rainy periods and to analyze them.

Materials and Methods

Sedimentation ponds were selected according to
the information from archived projects of the Joint
Stock Company ‘Latvia’s State Forests” about forest
drainage systems. This company was chosen because
their sedimentation ponds are constructed by united
design and are managed regularly. The projects chosen
were not older than three years. The selected objects
were surveyed in order to determine, if they are not
dammed and contain water. In some objects the water
level was high all season but some ponds were almost
empty. Drainage basin area, soil properties, and
distance to a river or stream also varied between the
objects. From the 15 initially chosen objects only 9
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were suitable for this research. The first two objects
are located in Ergli municipality, Jumurda parish,
Piebalga forest compartment, forest drainage system
‘Ilzites’. The first sedimentation pond is located on the
magistral ditch M-125. Its distance to estuary is 130 m
and itsarea of drainage basin—190 ha. The second pond
is located on the magistral ditch N-120. Its distance to
estuary is 20 m and the size of drainage basin area —
50 ha. The third, fourth and fifth sedimentation pond
are located in Mazsalaca municipality, Ramata parish,
Rijiena forest compartment, forest drainage system
‘Kerzas masivs’. The ponds are located on magistral
ditches N-29, N-85 and N-75; their distance to estuary
is 30 m, 20 m and 20 m and drainage basin area —
15 ha, 30 ha and 20 ha, accordingly. The objects 6, 7
and 8 are located in LimbaZzi municipality, Pale parish,
Limbazi forest compartment, forest drainage system
‘LaciSsu mezs’. The ponds are located on magistral
ditches N-11, N-9 and N-2, their distance to estuary is
2m, 5mand 15 m and drainage basin area — 24 ha, 10
ha and 15 ha, accordingly. The final object is located in
Salacgriva municipality, Salacgriva parish, Salacgriva
forest compartment, forest drainage system ‘Zonepes
masivs’. The pond is located on magistral ditch N-60,
its distance to estuary is 71 m and drainage basin area
is 1235 ha.

In each object two sample plots were established —
before and after the sedimentation pond. Samples
were collected three times during heavy rain periods,
transferring 750-1000 ml of water to clean plastic
bottles and transporting the bottles to the laboratory
in an air-conditioned container. Water was collected
from downstream first, ensuring that water samples
do not contain additional sediments. Concentrations
of the main pollutants — nitrate (NO,), ammonium
(NH,"), phosphate ions (PO,*) total nitrogen and
total suspended solids — were measured. Ammonium
ion concentration in water samples was determined
spectrophotometrically according to LVS 1SO
7150/1:1984 standard. Nitrate ion concentration was

measured using Machenery Nagel PF11 photometer
and nitrate testing set Visocolor ECO 5-41. Phosphate
ion concentration was determined according to LVS
EN 1SO 6878 standard using ammonium molibdate
spectrophotometric method. Total nitrogen content
was assessed using modified Kjeldahl method.
Concentration of total suspended solids was determined
according to LVS EN 1484:2000 standard using
catalytic burning and infrared detection (Libiete-Zalite,
2012). Data obtained in this study were analyzed
according to water-quality requirements in Latvia
(Cabinet of Ministers of the Republic of Latvia, 2002).
In total, 54 samples were collected and analyzed.

The amount of precipitation was determined
during sample collection and three days before it.
Precipitation was determined from archived data in
weather measurement stations in the studied region
and published in windguru.cz. Mostly this long
rain period was chosen because of infiltration rate.
Rainwater infiltration is increasing and more biogenic
elements are eroded from soil when precipitation is
higher for a longer period of time (Holden & Burt,
2002). That is due to soil water bearing capacity and
threshold, when the soil is wet, it can absorb more
water but when it is dry, it repels water, for example,
sandy soil (Wu & Gschwend, 1986).

To determine if analyzed sedimentation pond
works efficiently or works at all, the concentrations of
all pollutants should be compared with those given in
water quality standard for drinking and fish water in
Latvia (table 1).

Results and Discussion

There is no direct data correlation between
sedimentation ponds due totheir differencesinworkload
and properties of drained areas. One of the main
factors that affected accuracy of results was infrequent
data collection. The lowest nitrate concentration
determined was 0 mg L, but the highest —0.98 mg L.
According to the results, 88% of the analyzed samples

Table 1
Water quality standard for drinking and fish waters in Latvia
Parameter Unit of measurement Good quality concentration Marginal concentration
Nitrate ions mg L? 25 50
Phosphate ions mg L*? 0,18 0.3
Total nitrogen mg L? 1 3
Ammonium ions mg L*? 0.03 0.18
Total suspended solids mg L? 25 -
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Table 2

Element concentrations in sedimentation pond in forest drainage system ‘Ilzites’ on ditch N-120

. . Concentration depending on precipitation,
. Sample plot (Before/after sedimentation L1
Elements in water samples pond) mg
3mm 14.9 mm 12.2 mm
. before 0 0.02 0.03
phosphate ions
after 0 0.01 0.02
. . before 0.60 0.98 0.85
nitrate ions
after 0.51 0.25 0.80
i before 1.87 2.96 2.88
total nitrogen
after 1.45 1.20 2.74
L before 0.06 0.14 0.02
ammonium ions
after 0.03 0.03 0.02
. before 8.00 8.00 6.00
total suspended solids
after 3.00 6.00 1.00

had good water quality even in the heaviest rain period.
The lowest phosphate concentration was 0 mg L? but
the highest — 0.03 mg L. The lowest ammonium
ion concentration was 0 mg L? but the highest —
0.26 mg L. The lowest total nitrogen concentration
was 0.21 mg L* but the highest — 2.96 mg L. The
lowest concentration of total suspended solids was
0 mg L* but the highest — 1409 mg L. In the water
quality requirements of Latvia, it is mentioned that on
high flow periods, such as heavy rainfall or floods, it is
acceptable that total suspended solid runoff is higher
than the limit concentration allows.

In the first object, located in the forest drainage
system ‘Ilzites’ on ditch N-120, when precipitation
was the lowest, only the concentration of ammonium
ions exceeded the limit concentration by 0.1 mg L*!
(Table 2). However, this concentration decreased

by 50% after the sedimentation pond, while nitrate
ion concentration decreased by 15%, total nitrogen
concentration — by 22% and total suspended solids —
by 63%. No phosphates were detected in the samples.
When the amount of precipitation in the past 3 days
was 12.2 mm, none of the parameters exceeded
limit concentrations. In the period with the highest
precipitation, ammonium concentration increased,
but still did not exceed the limit concentration and
decreased by 79% after the sedimentation pond. The
possible explanation for the low concentrations could
be mixing of water between pond and river.

The second sedimentation pond was located
in the same drainage system, but on the main ditch
M-125 (Table 3). Results show that concentration
of some elements increased after the sedimentation
pond. It could be related to high water speed after the

Table 3

Element concentrations in sedimentation pond in forest drainage system ‘Ilzites’ on ditch M-125

- i ‘ Concentration depending on
em::n:pllr;s\/va er Sample plot (Before/after sedimentation pond) precipitation, mg L™
3mm 14.9 mm 12.20 mm
. before 0.00 0.00 0.03
phosphate ions
after 0.00 0.01 0.02
. . before 0.25 0.38 0.30
nitrate ions
after 0.27 0.45 0.23
. before 1.26 1.54 141
total nitrogen
after 1.45 1.20 2.74
o before 0.10 0.04 0.01
ammonium ions
after 0.11 0.06 0.01
. before 7.00 3.00 8.00
total suspended solids
after 10.00 15.00 10.00
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Table 4

Element concentrations in sedimentation pond in forest drainage system ‘LaciSu meZs’ on ditch N-2

Concentration depending on
Elements in water samples Sample plot (Before/after sedimentation pond) precipitation, mg L™
2.4 mm 14 mm 12.3mm
. before 0.00 0.00 0.01
phosphate ions
after 0.00 0.01 0.01
. . before 0.00 0.30 0.00
nitrate ions
after 0.00 0.31 0.00
i before 0.28 0.54 0.32
total nitrogen
after 0.21 0.59 0.35
. before 0.04 0.00 0.01
ammonium ions
after 0.00 0.01 0.01
. before 15.00 111.00 0.00
total suspended solids
after 35.00 108.00 0.00

pond, raising up sediments from low flow periods.
In the lowest rainfall period, all the parameters did
not change significantly after the pond, except for
total suspended solids, which increased by 43%.
Ammonium concentration is the only variable that
lowers water quality according to the standard. In the
second highest rainfall period, all the concentrations
were higher than before except for ammonium ions.
The concentration of phosphate ions decreased
by 33%, nitrate ions — by 23% and total suspended
solids — by 25%. When precipitation was the highest,
nitrates, total nitrogen and total suspended solids had
even higher output, for example, the concentration of
total suspended solids increased 4 times. Ammonium
ions also were present and increased by 50%. This
sedimentation pond can be considered inefficient, as
some of the concentrations increased, however none
of them exceeded the limit values.

The amount of precipitation did not differ between
the rest of objects. All the parameters of the object
located in ‘LaciSu mezs’ ditch N-2 were within the
range of water-quality requirements, except for the
concentration of total suspended solids that increased
even more after the sedimentation pond (Table 4).
The possible explanation could be another magistral
ditch that flows towards this ditch and corners just
before the sedimentation pond, thereby mixing
waters. In the period of low precipitation, the total
nitrogen concentration significantly decreased after
the sedimentation pond. Within periods of higher
precipitation only the total nitrogen concentration
decreased significantly after the sedimentation pond.

Results from the ditch N-9 show that in the period
of low rainfall the concentration of total suspended
solids exceeded the limit value, but significantly
decreased after the sedimentation pond (Table 5). The

Table 5

Element concentrations in sedimentation pond in forest drainage system ‘LaciSu meZs’ on ditch N-9

S le olot (Before/aft di at Concentration depending on
Elements in water samples ample plot (Be B[)eng) er sedimentation precipitation, mg L*
2.4 mm 14 mm 12.3 mm
. before 0.02 0.01 0.02
phosphate ions
after 0.01 0.01 0.03
. . before 0.00 1.24 1.12
nitrate ions
after 0.00 1.22 0.88
. before 0.30 1.67 2.10
total nitrogen
after 0.33 1.61 1.81
. before 0.03 0.01 0.02
ammonium ions
after 0.01 0.02 0.05
. before 43.00 80.00 9.00
total suspended solids
after 20.00 63.00 9.00

158

RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1



EFFECTIVENESS OF SEDIMENTATION
PONDS IN FOREST DRAINAGE
SYSTEMS IN HEAVY RAIN PERIODS

Janis Kalnins, Guna Petaja

Table 6

Element concentrations in sedimentation pond in forest drainage system ‘LaciSu meZs’ on ditch N-11

Sample lot (Before/aft di . Concentration depending on
Elements in water samples ample plot (Be :;eng) er sedimentation precipitation, mg L™
2.4 mm 14 mm 12.3 mm
. before 0.01 0.01 0.02
phosphate ions
after 0.02 0.02 0.02
. . before 0.00 0.33 0.06
nitrate ions
after 0.00 0.34 0.04
i before 0.31 0.76 0.81
total nitrogen
after 0.29 0.79 0.80
. before 0.26 0.02 0.01
ammonium ions
after 0.02 0.02 0.00
. before 81.00 62.00 4.00
total suspended solids
after 80.00 59.00 7.00

concentration of ammonium ions decreased by 67%
and that of phosphate ions — by 50%. In the highest
flow period, the concentration of total suspended
solids did not decrease below the limit value. The
concentration of total nitrogen increased along with
higher rainfall (from 0.33 to 1.81 mg L%).

Results from the ditch N-11 show that the total
nitrogen concentration increased along with increased
amount of precipitation. The concentration of
total suspended solids decreased during periods with
high amount of precipitation — from 80 to 7 mg L*
(Table 6). When precipitation was the lowest,
ammonium ion concentration was the highest and
exceeded the limit value of the water-quality standard;
however, the sedimentation pond decreased this
concentration by 92%.

Results from the ditch N-29 (table 7) in the
forest drainage system ‘Kerzas masivs’ show that

concentrations of ammonium ions and total suspended
solids exceed limit values. Concentrations of total
suspended solids and total nitrogen were the highest
when precipitation was the highest. The concentration
of ammonium ions increased after the sedimentation
pond, exceeding the limit concentration by 0.3 mg L*
(Table 7).

There were no significant differences between
parameters of the pond located on ditch N-75 in
all three rainfall periods. When precipitation was
the lowest, the concentration of total suspended
solids increased by 118% after the sedimentation
pond exceeding the water-quality standard value.
This could be explained with contamination of
inorganic matter from landslides before the pond.
The lowest concentrations after the sedimentation
pond were detected, when precipitation was 12.3 mm
(Table 8).

Table 7

Element concentrations in sedimentation pond in forest drainage system ‘Kerzas masivs’ on ditch N-29

sample plot (Before/aft gi . Concentration depending on
Elements in water samples ample plot (Be ;Leng) er sedimentation precipitation, mg L
2.4 mm 14 mm 12.3 mm
. before 0.01 0.00 0.01
phosphate ions
after 0.00 0.00 0.01
. . before 0.08 0.16 0.00
nitrate ions
after 0.04 0.21 0
. before 0.44 0.54 0.73
total nitrogen
after 0.49 0.55 0.71
o before 0.06 0.01 0.00
ammonium ions
after 0.06 0.08 0.00
. before 15.00 57.00 1.00
total suspended solids
after 35.00 55.00 0.00
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Table 8
Element concentrations in sedimentation pond in forest drainage system ‘Kerzas masivs’ on ditch N-75
S le plot (Before/aft gi . Concentration depending on
Elements in water samples ample plot (Be ;Len(aj) er sedimentation precipitation, mg L*
2.4 mm 14 mm 12.3mm
hosphate ions before 0.01 0.00 0.01
phosp after 0.01 0.01 0.01
. . before 0.00 0.00 0.00
nitrate ions
after 0.00 0.00 0.00
. before 0.44 0.42 0.43
total nitrogen
after 0.46 0.43 0.35
Lo before 0.00 0.00 0.01
ammonium ions
after 0.00 0.02 0.00
. before 17.00 11.00 0.00
total suspended solids
after 37.00 7.00 0.00
Table 9

Element concentrations in sedimentation pond in forest drainage system ‘Kerzas masivs’ on ditch N-85

Element concentrations in sedimentation pond in forest drainage system
‘Zonepes masivs’ on ditch N-60

. . Concentration depending on precipitation,
. Sample plot (Before/after sedimentation Lt
Elements in water samples pond) mg
2.4 mm 14 mm 12.3 mm
. before 0.00 0.02 0.03
phosphate ions
after 0.01 0.00 0.01
. . before 0.00 0.72 0.38
nitrate ions
after 0.06 0.77 0.40
. before 0.93 1.54 1.30
total nitrogen
after 0.82 157 1.26
L before 0.06 0.02 0.09
ammonium ions
after 0.03 0.02 0.01
. before 19.00 1409.00 5.00
total suspended solids
after 9.00 447.00 5.00
Table 10

) ) Concentration depending on precipitation,
Elements in water samples Sample plot (Befg:)erfgl;ter sedimentation mg Lt
2.4 mm 14 mm 12.3 mm
. before 0.00 0.01 0.02
phosphate ions
after 0.01 0.01 0.03
. . before 0.02 0.00 0.09
nitrate ions
after 0.05 0.00 0.12
. before 0.40 0.63 1.06
total nitrogen
after 0.43 0.55 1.06
S before 0.06 0.01 0.01
ammonium ions
after 0.06 0.02 0.01
. before 51.00 37.00 5.00
total suspended solids
after 24.00 48.00 9.00
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Results from the pond on the ditch N-85 show
that in the period with the highest precipitation level
the concentrations of suspended solids, nitrate ions
and total nitrogen were the highest, but after the
sedimentation pond only the concentration of total
suspended solids was reduced (by 68% and still
exceeding the limit concentration). This could be
explained with the fact that before the sedimentation
pond there was a landslide from water erosion, thus
increasing the total sediment content. Ammonium ion
concentration was the highest in the first and the last
period of precipitation, but after the sedimentation
pond concentrations decreased below the limit value
(Table 9).

The water level in the sedimentation pond located
in the forest drainage system ‘Zonepes masivs’ on
ditch N-60, was high in all periods of precipitation.
The concentration of total suspended solids in the
highest and the lowest precipitation period exceeded
the limit value and in the first period ammonium ion
concentration exceeded the limit concentration as
well. In the last period, the total nitrogen concentration
was the highest. Concentrations of phosphate and
nitrate ions and the total suspended solid content
increased after the sedimentation pond. The highest
concentrations of total nitrogen, nitrate and phosphate
ions were detected in the last period (Table 10).
Results may be influenced by the time of water runoff
and infiltration, because the drainage area is higher
than in all other objects.

Conclusions

1. In most of the objects total suspended solid and
ammonium ion concentration exceeded the limit
values of the water quality standard in Latvia,
which directs on poor sedimentation pond structure
and poor efficiency. Total suspended solids attract
light, increasing water temperature and reducing
water capability to dissolve oxygen, which leads
to fish suffocation. The highest total suspended
solid concentration was 447 mg L* after the
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sedimentation pond; however, this water did not
flow directly in the river but in the main ditch.

. Concentration of phosphate ions in water is not

close to the determination limits, 0.03 mg L? is
the biggest value obtained in the study, and it is far
from the limit value of the water quality standard
(50 mg L*). Therefore, it is not necessary to
collect data about phosphates in drainage systems
dominating with mineral soils; however, it may
be needed in drained areas dominated by organic
soils.

. Only concentration of total nitrogen has correlation

with the amount of precipitation. As rainfall
increased, the content of total nitrogen in water
grew up and efficiency of sedimentation decreased.
Still none of the ponds had exceeded limit values in
the water quality standard. Concentration of nitrate
ions had some correlation with precipitation only
in the sedimentation pond ‘Ilzites’ N-120. This is
probably because of the large basin of the drainage
system and considerable share of peatlands;
however, to prove this hypothesis additional
studies need to be done.

In several objects it was found that the water inlet
is too close to the sedimentation pond and river
water came into the sedimentation pond and
changed composition of sediments by additions
from natural streams. This process could result
in underestimation or overestimation of nutrient
loads into water bodies.

In further studies, new water quality standards
should be developed, which include total allowable
pollutant output in grams in 24 hour cycles,
because in some objects with larger drainage areas
and bigger ditch system water flow rate is higher,
thus increasing the total output of the polluting
particles.
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Abstract

Road landscapes can be considered important resources for place development. They create impression about the
infrastructure of places and transport, which is an important aspect of attracting investment and tourism development.
Yet this field of landscape planning and design is hardly studied and needs more attention in Latvia. Institutions at
different planning levels and from several fields of expertise are involved in road landscape development. In order
to achieve successful cooperation among all the parties involved, it is necessary to reflect the information about road
landscape development in the way that it can be easily perceived and understood. Studies in landscape perception
prove that people perceive visual information about landscape design and planning better than textual information
and regular maps. The purpose of the paper is to introduce with a method of three dimensional (3D) road landscape
modelling, developed by authors as a tool for road landscape design aesthetic evaluation, which can be used to
demonstrate design variants to wider public and stakeholders. We demonstrate what kind of data are necessary for
road landscape modelling, how they are obtained and processed, why certain modelling programs are chosen. The
methodology, problems, which occurred during the modelling, and the chosen solutions are described. Results show
that chosen methodology is appropriate for large scale projects. The experience gained from the project helps to

evaluate the suitability of certain computer programs for road landscape planning and design.
Key words: 3D modelling, landscape design, LIiDAR data, Sketchup, Lumion, animation.

Introduction

Road landscape supports safe functioning of
road infrastructure, enhances the road environment
for road users, creates the first impression about
the place and blends the road into the surrounding
landscape. According to the Latvian Landscape
Policy Guidelines, road landscapes are important
resources for place development. View from the road
creates an impression about the infrastructure of the
place and transport, which is an important aspect of
attracting investment and developing tourism (Ainavu
politikas..., 2013). The research on the road landscapes
in Latvia, shows a decrease in the visual quality
of landscape and loss of the identity of the place,
disappearance of distant and open views, historical
and cultural values (Vugule, 2013). Issues regarding
road landscape need more attention and should be
discussed at all planning levels.

Territories within the road landscape corridor,
which is 2 km wide (Sléde & Vikmanis, 1980), belong
to certain owners, but landscapes are viewed and used
by many local and international users. Landscape
planning involves institutions at different planning
levels. The Ministry of Transport operates at a
national level with the effective maintenance, security
and development policy of the Latvian road network.
Planning regions develop long-term and medium-term
development planning documents — territorial plans
and development. Municipalities and land owners are
responsible for activities at a local level.

The efficiency of public participation in landscape
planning and design process is often negatively
affected by various economic and social issues as
well as by cognitive limitations. Human landscape
perception is based on a complex aesthetic functional

context. Only through the intellectual processing
of what has been seen, does the detailed visual
information of a landscape turn into what we call
‘landscape’. In this interaction, the aesthetic product
‘landscape’ mainly results from the driving forces
‘education’, ‘experience’ and ‘enjoying observation’
(Werner et al., 2005). Successful cooperation is
possible among all stakeholders in road landscape
development if the information on road landscape
issues is presented to various institutions involved and
the public in such a way that it can be easily perceived
and understood.

Landscape architects, architects, planners,
engineers are trained to understand and follow 2D
project plans, while other people might have difficulty
to read and understand how future landscape and its
elements — a terrain, roads, buildings, trees, water
elements, etc., will look like. For many years landscape
architects and planners have been creating beautiful
perspective drawings and paintings. Considerable
studies in landscape perception highlight the need to
use visualisations in landscape design and planning to
improve the understanding of project and landscape
changes (Daniel & Boster, 1976; Hanzl, 2007; Hassan,
Hansen, & Nordh, 2014; Tress & Tress, 2003). Studies
also confirmed that people perceive visual information
about landscape design and planning in 3D
visualisations better than text and regular maps. Three
dimensional visualizations are especially beneficial
for greater collaboration involving those untrained in
community decision making (Bishop, 2005; Hassan,
Hansen, & Nordh, 2014; Kwartler, 2005).

As there has been a significant development
in the field of computer graphics over the last two
decades, the ability to link CAD (Computer Aided
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Design), GIS (Geographical Information System)
and landscape visualisation software has dramatically
extended the possibilities of digitally representing
landscapes and environment (Lovett et al., 2015; Paar,
2006). Now the main types of 3D outputs are still
rendered images, panoramas from defined viewpoints,
animations (showing fly — over or walk — through of
the site) and real time models, by looking at which
the user has the ability to freely navigate a landscape
(Bishop & Lange, 2005; Lovett et al., 2015; Mengots,
2016). Geodesign is often used for planning purposes
as it includes project analysis, design specification,
stakeholder participation, design creation, simulation,
and evaluation. Perception-based studies of road
project and road planning for scenic environment have
been carried out by using ArcGIS software (Jiang,
Kang, & Schroth, 2015; Yangyang & Yuning, 2017).
ArcGIS has developed 3D visualization possibilities,
but our assumption is that GIS based modelling is
more appropriate for analysis by experts and does
not look realistic enough for landscape evaluation by
non-experts. Animation has been chosen as a visual
simulation for the research object as it gives a more
complete picture for consideration of the changes
in environment and landscape (Lange & Bishop,
2005). Moreover, road landscapes are mostly seen
in motion from a moving vehicle and speed is an
important factor in road landscape perception (Bell,
1997). Landscapes are very complex and detailed
structures, which often cover very large areas and it
is an extremely challenging task for visualisation. The
reduction of landscape details brings certain sterility
in virtual landscapes (Lange & Bishop, 2005). This
raises a question — what is understood by good enough
visualisation for effective planning? Sheppard (2005)
suggested guidance on the quality of visualisations
based on six principles at the pre-construction stage.
These principles are: accuracy, representativeness,
visual clarity, interest, legitimacy, and access to
visual information. Sheppard (2005) also suggests
developing standards for preparation of visualisations
and presentation of future landscape. Rekittke & Paar
(2010) conclude that there is a need for realistic and

Data Data
acquisition processing
*LiDAR *QGIS,
scanner- Bentley
point cloud Power Draft,
«orthographic TerraSolid
photos software

authentic setting, and real activities by people or
animals must be included in visualisation. Without
them, these images will represent fantasy world.

The purpose of the paper is to introduce the
method of three — dimensional (3D) road landscape
modelling, developed by authors as a tool for the
aesthetic evaluation of road landscape design, which
can be used to demonstrate design variants to wider
audience and stakeholders. The project consists of
data collection using laser-based mobile mapping
technologies (LiDAR), data processing, development
of road landscape design variants and 3D (three
dimensional) modelling in Sketchup and Lumion
computer programs for a section of a road landscape
of the major road A7 in Latvia.

Materials and Methods

Section of the major road A7 is chosen for a
field study due to certain criteria. Latvian Tourism
Development Guidelines 2014-2020 foresee the
development of cross-border cooperation and include
Latvia as a tourist destination in the market of
the Baltic sea region countries (Latvijas tGrisma...,
2014). The road A7 is part of Pan — European
Transport Network and transport corridor 1A. The
entire route passes through cities such as Libeck —
Gdansk — Kaliningrad — Siauliai — Jelgava — Riga —
Valka/Valga — Tartu-Narva — St. Petershurg, which
is an important tourism route connecting three Baltic
States and other countries.

The pilot project is carried out in the territory,
which represents one of the most characteristic types
of landscape in Latvia — the agricultural landscape.
The research took place from September, 2017 to
February, 2018. In the future, it is planned to develop
3D models for two more territories in the forest
landscape and mosaic landscape.

The chosen section covers 2 km2. The length of a
road section is 1 km. It is chosen due to the result of
a model, which is a 3D animation representing real
time movement along the road. With a driving speed
of 90 km per hour it takes 40 seconds to look at the
model. The road landscape corridor was considered

Model
development

Animation
development
and rendering

« Sketchup eLumion

Figure 1. Workflow of the data acquisition and modelling process.
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to be 1 km to each side from the central axes of the
road according to the praxis of road planning (Sléde
& Vikmanis 1980).

Laser scanning and photogrammetry were carried
out on the road section of 2 km? to obtain topographic
data and aero photographs for 3D modelling. Using
GoPro camera, mounted on the car, videos for the road
section in both directions were taken. Photographs of
road side elements, e. g. a bus stop, were taken.

Workflow of the data acquisition and modelling
process is presented in Figure 1. and is described more
in the section ‘Results and Discussion’.

Computer program SketchUp was used to
develop 3D model for the territory. Details of road
infrastructure, e.g. signs, road lines and precise places
of trees and building were designed in Sketchup
software. Lumion software was used to add trees and
render the landscape.

Results and Discussion
Data acquisition

In order to develop a road landscape model, a
topographic map was necessary. In our case the
area is very large, and it would be time consuming
and expensive to use common land surveying
methods. Laser-based mobile mapping technologies
(LiDAR) have become well — established surveying
techniques for acquiring geospatial information,
and transportation agencies around the world have
considered LiDAR for road inventory (Guan et
al., 2016). Point cloud from the LiDAR inventory
can be utilised to perform road inventory mapping,
including any road-scene structure, road pavement,
traffic signalling devices, etc. (Williams et al., 2013;
Landa & Prochazka, 2014). In this project, this system
was used only to acquire topography data and geo-
referenced aero photography. Using the LiDAR
scanner Yellow Scan, surface terrain point cloud
model with terrain networks of 50 m each, in scale
1:2000, and orthographic photos were acquired. The
point cloud shows vegetation and other details, e.g.
buildings. The YellowScan scanner was selected
as it can go through vegetation, making it possible
to produce a highly accurate digital surface model
(DTM), as well as point density of 60 pts per 1mz2
The system allows to collect data (point cloud) very
quickly and in good quality, and it can be processed
with licensed computer programs. There is no need
for a Civil Aviation Permit as the drones (unmanned
aerial vehicles) fly 50 m above the ground.

It took three hours to perform object surveying.
The flight heights were different, because the terrain
was not at the same height everywhere — in the
lowest place it was 30 m, but the highest — 70 m
above the ground level. The flight speed was constant
everywhere — 20 km h?, which allowed to achieve a

good point intensity and make the exact surface model
on average 70 points per square kilometre. The land
owners were personally informed before the flight
about the purpose of the surveying.

Data processing

The flight data were verified on-site using the QGIS
and YellowScan plugin. The pilot then performed data
alignment and transferred data to a geodesist who
carried out data analysis and data processing using the
Bentley Power Draft and TerraSolid software.

In some places, where the density of vegetation
was 100%, the laser impulse did not pass through.
There were few such sites and no defects in the overall
model of the relief were detected.

Model development

Three landscape design versions based on the
current topography, agricultural land use and road
infrastructure were developed. These versions show
the current situation and two different landscape
development possibilities depending on intensity
of the use, management, and application of road
landscape design principles.

First version shows the current situation with
agricultural landscape, some trees and shrubs in the
ditches, current road infrastructure with information
signs, a bus stop, electricity lines, households with the
surrounding yards and trees.

The second version shows more open, well
managed landscape with intensive agricultural use,
wide and distant views. In order to acquire this, shrubs
and small trees, which grow in ditches, are not included
in the current model and one house close to the road,
built in the Soviet time is not included in the model.
Current road infrastructure with information signs, a
bus stop, electricity lines, historical households with
the surrounding yards and old trees are present in the
model. There are minimal, regularly cut edges along
the fields.

The third version differs with more tree groups in
the model, placed according to road landscape design
methods — wider edges along the fields.

Sketchup software was used for the road 3D
modelling from a topographic map, which was
imported as .dwg file. As the Sketchup software offers
a limited number of tools for modelling, especially
for road and terrain modelling there was a need to
use several programme extensions. The road was
modelled with Chris Fullmer Shape bender extension.
The road model was created from the road profile line
with this tool. For the terrain modelling a sandbox tool
was used. It was followed by Curviloft and ThruPaint
extensions for positioning and orientating the road
texture. Large tree groups and buildings were marked
in the topography from LiDAR data, some of separate
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Source: by A. Mengots.

Figure 2. Sketchup model with the marked places for trees.

Source: by A. Mengots.

Figure 3. Model of the current situation rendered in Lumion.

standing trees were marked using the geo-referenced
aero photo, which overlaid the topography in AutoCad.

As we developed three design versions, an aero
photo was used to check the size of the trees and to
decide about the design, which elements to keep and
which to remove. Two dimensional linework tree CAD
blocks, which were replaced by 3D tree placement
mark components, can be seen in the imported
topographic map, see Figure 2. This option allows to
arrange tree marks instantly and precisely. The right

height of the object placement on terrain was carried
out with DropGC extension. For a more authentic look
of the road, landscape houses, bus stops, road signs
and electricity lines were added. They were designed
in Sketchup using the photos of the elements and the
video taken by GoPro camera.

Animation development and rendering
Sketchup model was imported into Lumion 8
to add trees and to render the landscape, see Fig.
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3. Lumion 8 is a real-time game engine rendering
software with LoD (level of detail) algorithm. This
algorithm allows to model large areas covered by
trees because it decreases the geometry of an object
depending on virtual viewer’s location. If the viewer
is close to the object, it will be displayed in detail. If
the viewer is far from the object, it will be displayed
in a less detailed way. Cars and movement were added
in Lumion as well. The latest Lumion improvements
for the sky light feature and shadows allowed to blend
all landscape elements more naturally and get the final
rendered animation more immersive and realistic.

Animations and the current situation captured by
GoPro camera will be demonstrated to the road users
in the next step of the project and questionnaire about
these developed variants will be prepared. It will give
the possibility to analyse how road users understand
the proposed changes, the pros and cons of such an
approach and to what extent such type of animations
is suitable for road landscape development evaluation
and planning.

Conclusions

Data acquisition for topography by using LiDAR
scanner is fast and efficient. It is the appropriate
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technology for large scale projects demanding precise
topography.

The experience gained from the project shows
that Sketchup software itself has a limited set of
tools. However, the use of various available plugins
increases the modelling capabilities.

Lumion is a powerful tool for upgrading CAD
models and rendering. The real time navigation in
virtual environment and its simple interface gives
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architect and planner to use it. But more realistic
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Also, the library of vegetation models is quite limited.

The questionnaire of road users will show to
what extent such animations are suitable for
the evaluation and planning of road landscape
development. There is a hope to get closer to the answer
to the question — what ‘good enough visualisation’ for
effective planning is.
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Abstract

The territorial planning and the management of urban surfaces force the decrease of green spaces in urban landscapes.
As the urbanization process during past decades of the last century was quite intensive not only in Europe but also in
Lithuania, findings describing changes of forest cover as well as spatial structure of the forest land are requested. The
aim of this study was as follows: first, to calculate and compare areas of the forest land in six major cities of Lithuania
in 1950 and 2011, second, to evaluate the spatial structure of the forest land by investigated cities within the period of
1950 — 2011. Methods of descriptive statistical analysis and spatial analysis using ArcGIS and MS EXCEL software
were used. The study was based on two geodatabases, representing the forest cover in 1950 and 2011. Results of this
study revealed that areas of the forest land increased in all investigated cities excluding Panevézys city. The increases
of areas of the forest land were discovered to vary from 0.8% to 9.5%. The largest increase was found in Vilnius city
(9.5%), the smallest — in Siauliai city (0.8%). The decrease by 0.9% of the forest land was found just in Panevézys
city. No significant changes of the forest land spatial structure were found in largest cities of Lithuania, i. e. Vilnius

city and Kaunas city. The spatial structure of forest land in other investigated cities tended to degrade.
Key words: forest land area, forest land spatial structure, urban landscape.

Introduction

Primary forests, covering entire Europe, were
being destroyed due to ancient urbanization since
the 9th century (Dyderski et al., 2017). Forest lands
have been shifted to agricultural and urban surfaces
(Jukneliené & Mozgeris, 2015; Ruseckas & Tiskuté-
Memgaudiene, 2013; Tiskutée-Memgaudiené &
Ruseckas, 2014). Urban growth became extremely
highinthe 20 —21 century. In 1900, only 4% of world’s
population has been living in urban areas. As in 2000s,
more than half world’s population became citizens
of the cities. The urbanization process in Lithuania
developed similarly to the presented. In 1897, only
13.3% of Lithuanians lived in urban areas, as in
2000, the population of citizens increased to 67.3%
(Vaitekiinas, 2002). Although new urban surfaces
grew reducing agricultural and forest land, new forest
lands were generated either. Since the period just after
the World War Il most territories of Lithuania were
afforested during voluntary meetings what made this
process rough and spontaneous.

The expansion of the urban areas in recent
decades pose challenges not only in rapid growth of
urban population, but also in degradation and loss
of green spaces, landscape fragmentation and land
use changes (Grigorescu & Geacu, 2017). Rapid
urbanization and high-density of urban territories
necessitates afforestation of urban and suburban areas.
Urban forests provide ecological and social functions
(Alberti & Marzluff, 2004; Daniels et al., 2018;
Chiesura, 2004).

Territorial planning is a key measure for the
landscape formation in Lithuania (Jukneliené et al.,
2017) and is regulated by Law on Territorial Planning
(Lietuvos, 1995). By the implementation of territorial
planning the government legitimates not only the

development of engineering facilities’ infrastructure,
rational use of land resources but also alteration of
forest land areas. The alteration of forest land in urban
landscape is regulated not only by national but also by
EU legislation. The European Commission developed
a Green Infrastructure Strategy that aims to ensure that
the restoration, creation and enhancement of green
infrastructure become an integral part of territorial
planning.

The aim of this study is to compare forest cover
geodata in 1950 and 2011 and to evaluate the spatial
structure of the forest land by six major cities of
Lithuania. The findings of this study may help to
understand better the peculiarities of alteration of the
forest land cover in urban landscape of Lithuania as
well as spatial structure of the forest land just after the
World War Il and to compare to that of the recent days.

Materials and Methods

Methods of descriptive statistical analysis and
spatial analysis using ArcGIS and MS EXCEL
software were used to collect and evaluate the data of
this study.

In order to determine changes of forest land area
and spatial structure in urban landscapes of Lithuania,
two geodatabases of the forest cover were used: 1.
The geodatabase representing the forest cover in 1950
that was obtained using historical orthophotomaps
within a period just after the World War 1l. The
orthophotomaps based on aerial photography were
scanned and georeferenced to the coordinate system
of Lithuania (LKS94). The forest land was digitized
and stored in a GIS format (Mozgeris, 2012). 2. The
geodatabase of the forest land from the State Forest
Cadastre, available from the State Forest Service,
representing the forest status on Jan 1, 2011.
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Table 1

Area of forest land by cities

City Area of land Area of forest land in 1950 | Area of forest land in 2011 Incfrgfessetl::;ﬁgrz"::z of
ha ha % ha % ha %
Vilnius 40038.0 10559.8 26.4 14376.9 35.9 3817.2 9.5
Kaunas 15694.2 2697.3 17.2 3535.1 225 837.9 5.3
Klaipéda 9825.8 1893.0 19.3 2060.5 21.0 167.5 1.7
Siauliai 8109.5 398.2 4.9 458.7 5.7 60.6 0.8
Paneveézys 5015.2 163.9 3.3 122.4 24 -41.5 -0.9
Alytus 3943.2 1142.2 29.0 1303.6 33.1 161.4 4.1

To evaluate changes of the forest land areas by
cities, polygon features representing the forest cover
in 1950 and 2011 were developed using ArcGIS
analysis. In order to originate polygon features of the
forest land in a particular territory, recent boundaries
of the cities were selected. The data of forest land
areas by the cities was developed using conventional
ArcGIS statistics for table tool.

The method of spatial analysis was used to
evaluate the spatial structure of the forest land in urban
landscapes of Lithuania. Grids of Euclidean distance
of cells to the nearest forests covering particular cities
in 1950 and 2011 were calculated and choropleth
maps were developed to illustrate the characteristics
of forest spatial structure.

Results and Discussions

The data obtained for areas of the forest land in
1950 and 2011 by cities of Lithuania, revealed that
forest land in investigated urban landscapes met both
afforestation and deforestation (Table 1).

The increases of areas of the forest land during
the investigated period were discovered to vary from
0.8% to 9.5%. The most noticeable increase of the
forest land area has been found in Vilnius city, i. e. by

R —
Diwinncs 8.t Haadeat Pones Bige. m

FEFEET,

- a)

3817.2 ha, resulting in the forest land proportion of
9.5% in 2011. In comparison, the smallest increase of
the forest land area was found in Siauliai city, i. e. by
60.6 ha, resulting in the forest land proportion of 0.8%
in 2011. The increase of the forest land in Klaipéda
city and Alytus city were quite similar. The area of
the forest land in Klaipéda city increased by 167.5
ha, while in Alytus city — by 161.4 ha. Since the area
of Klaipéda city and Alytus city differs, proportions
of the forest land varies respectively: the increase of
the forest land area within the period of 1950 — 2011
in Klaipéda city was by 1.7% while in Alytus city —
by 4.1%. The area of the forest land in Kaunas city
increased by 837.9 ha, resulting in the forest land
proportion of 5.3% in 2011. The decrease by 0.9% (i.
e. 41.5 ha) of the forest land within the investigated
period was found just in Panevézys city.

Further results of the study ascertained changes of
the forest land spatial structure in urban landscape of
Lithuania within the investigated period. Results of
the forest land spatial structure should be explained
as follows: the larger Euclidean distance to the
forest land in urban landscape is, the higher the
fragmentation of the forest land is and the lower the
concentration in forest tracts is (Euclidean distance

Diuisacs fo the Hasreat Fored Bdge

Vi
28 AT

u b)

Figure 1. Spatial structure of forest land in Vilnius city: a) in 1950; b) in 2011.
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Figure 3. Spatial structure of forest land in Klaipéda city: a) in 1950; b) in 2011.
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Figure 4. Spatial structure of forest land in Siauliai city: a) in 1950; b) in 2011.

of the raster to the forest land in the forested area is
zero (0.0 m)).

The spatial structure of the forest land in Vilnius
city was not significantly different neither in 1950 nor
in 2011 (Fig. 1).

Since the area of forest land increased by 9.5%
in Vilnius city, we may conclude that afforestation
process was developed in high accuracy and enough
precision. The increase of urban surfaces in Vilnius
city didn’t affect spatial structure of the forest land.
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Figure 5. Spatial structure of forest land in Panevézys city: a) in 1950; b) in 2011.
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Figure 6. Spatial structure of forest land in Alytus city: a) in 1950; b) in 2011.

No significant changes were detected evaluating
spatial structure of forest land in Kaunas city during
the investigated period either (Fig. 2). Grids of
Euclidean distance of the cells to nearest forests
representing the spatial structure of forest land in 1950
and 2011 were similar enough. Since the area of the
forest land increased by 5.3% in the period 1950 —
2011, the spatial structure of the forest land in Kaunas
city as well as Vilnius city is more optimal than in
1950. Obviously, more urban lands were afforested in
the central part of Kaunas city.

Even the area of the forest land increased by 1.7%
in Klaipéda city during the investigated period, the
spatial structure of the forest land tended to degrade
(Fig. 3). The central part of Klaipéda city forced
deforestation due to urbanization.

Obviously, the spatial structure of the forest land in
Siauliai city tended to degradation despite the increase
of the forest land area by 0.8% (Fig. 4).

The increase of urban surfaces in Panevézys city
induced noticeable disturbance on the forest land
spatial structure (Fig. 5).

Grids of Euclidean distance of the cells to nearest
forests representing the spatial structure of forest

land in Alytus city in 1950 and 2011 differed (Fig.
6). Small areas of the forest land were lost due to the
urbanization process despite the increase of forest
land area by 4.1%.

Conclusions

1. Areas of the forest land increased in all
investigated cities during the period 1950 — 2011,
excluding Panevézys city. The increases of areas
of the forest land varied from 0.8% to 9.5%. The
largest increase was found in Vilnius city (9.5%),
the smallest — in Siauliai city (0.8%). The decrease
by 0.9% of the forest land was found in Panevézys
city.

2. No significant changes of the forest land spatial
structure were found in the largest cities of
Lithuania, i. e. Vilnius city and Kaunas city
during the period 1950 — 2011. Grids of Euclidean
distance of the cells to nearest forests representing
the spatial structure of forest land were quite
similar in both cities.

3. The increase of urban surfaces induced disturbance
on the forest land spatial structure in Klaipéda,
Siauliai, Panevézys and Alytus cities.
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Abstract

The article presents an analysis of the existing situation of forests of the Republic of Lithuania. The situation is
analysed in ten counties of the country. In the Republic of Lithuania, forests occupied 2,178,958.04 ha, country’s forest
coverage — 33.38% in 2017. The highest forest coverage was established in Alytus (48.80%) and Vilnius (43.47%)
counties. Only in three counties of Lithuania (Panevézys, TelSiai and Utena) the prevailing type of ownership is
private forests. In all counties of Lithuania mostly there are Group IV commercial forests, which make up 71.4% of
the total forest area. The least are Group | reserved forests. Coniferous species (56.2%) prevail in the country’s forests,
of which pine forests are dominant. It is crucial today to analyse the current state of forests and anticipate changes in
trends, preventing potential threats. Following the analysis of Lithuanian forest change, it was determined that during
the period between the years 2006 and 2017, the forest area increased by 78,616.40 ha or 3.74%. The largest forest
development took place in Utena (17,324.13 ha or 7.32%) and Siauliai (14,798.15 ha or 6.87%) counties. In order
to implement the forestry development prospects, from 2018 to 2030, 106,068.87 ha of forests should be planted.
In 2030, 2,285,026.91 hectares of forest would occupy Lithuania and would make up to 35% of the country’s area.

Key words: landscape, forest, forest land.

Introduction

Article relevance. Landscape is a natural
and pulsating natural and anthropogenic system,
undergoing complex changes, which can be divided
into two groups corresponding to two directions of
change — naturalization and anthropogenization. These
two groups of forces change the landscape in the eyes
of modern mankind (Pranckietis et al., 2010). Forests,
as the most important biological recovering resource,
play an important role in people’s lives. At present,
increasing attention is devoted to the ecological and
protective functions of forest landscape.

Forestsareimportantbothintermsofenvironmental
and socio-economic aspects. From an environmental
point of view, forests carry out ecosystem storage
functions: contributing to soil conservation, climate
regulation, and biodiversity conservation.

Forests are important sources of livelihoods to
millions of people and contribute to national economic
development of many countries (Kohl et al., 2015).

Problem. In Lithuania, an intensive, market-
oriented agricultural and forestry practice is being
developed that promotes soil degradation, landslide
loss and threats to biodiversity and sustainability
of forest and aquatic ecosystems. The accelerated
climate change affects all ecosystem components
and their functions, forms new environmental
conditions not analogous to the history of Lithuania.
The emerging phenomena of ecosystem degradation
are complicated, difficult to manage, and need to be
explored in a complex manner.

The Republic of Lithuania Forestry Law (Lietuvos,
1994) states that “forest is defined as a tract of land
not less than 0.1 ha, covered by trees or other forest
vegetation of a gravity of at least 0.3 and the height of

which at the natural plant site in the age of maturity
is at least 5 meters, and another forest vegetation, as
well as a land of at least 0.1 hectare, where the stand
has become scattered and it does not temporarily
contain trees (forest plantations, clearing sites, fallen
forests) because of human activity or natural factors .

It is estimated that 10.000 years ago the forests
covered 65.8 million km2 or almost 50 percent of the
total land area. During the industrial revolution that
began in the middle of the XVIII century, about 16
million km?2 of forests were cut down, mainly for
agricultural purposes, for house and ship building
(Christensen, 2012).

In Europe, forested areas have remained little
changed over the last 20 years. They cover 45 percent
of land area. In the continent, in the 20-year period,
1.6 percent of forest area increase has been determined
(Food, 2015).

Forests are a very important part of the global
carbon cycle because they remove carbon dioxide
(CO,) from the atmosphere and accumulate carbon
in biomass and soil. Forests help to limit the
concentration of greenhouse gases in the atmosphere.
On the other hand, deforestation and / or land use
change can lead to fires, biomass depletion and / or
mineralization of soil organic matter, which can
lead to a significant increase in greenhouse gas
emissions and forests to become sources of CO,
(European, 2010).

The decline of forest ecosystem types and their
occupied areas directly relates to World civilizations
in the historical period. Historical degradation of
forest ecosystems often correlates directly with
demographic processes — population growth and
their further development. The main causes of direct
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deforestation were and are: the use of cultivated land
and timber (industry and fuel), the restoration of other
forest resources, and intensive abandonment. Other
disguised reasons include the poverty of local people,
the rapid increase in their numbers, the presence of
forest products, etc. demand in world markets and
intensive trade, as well as macroeconomic policies.
At the end of the 20th century, the rate of tropical
deforestation reached 1% of their total area per year
(Balevicius et al., 2007).

Disturbances, both human-induced and natural,
shape forest systems by influencing their composition,
structure, and functional processes (Dale et al., 2001).

Many scientists are concerned about the negative
effects of climate change on forests and their
ecosystems.

Global warming is a well-known natural
phenomenon that needs to be controlled for
environmental conservation (Khaine & Woo, 2014).
Climate change presents significant potential risks to
forests and challenges for forest managers. Adaptation
to climate change involves monitoring and anticipating
change and undertaking actions to avoid the negative
consequences and to take advantage of potential
benefits of those changes (Keenan, 2015). Climate
change is likely to have a major impact on different
tree species and will greatly affect biodiversity and the
economy (Capkauskas, 2016).

Many forests can be managed to both adapt to
climate change and minimize the undesirable effects of
expected increases in tree mortality. The uncertainties
inherent to climate change effects can be diminished
by conducting research, assessing risks, and linking
results to forest policy, planning and decision making
(Sturrock et al., 2011).

Landscape, including forests, is a very complex,
territorially differentiated system; therefore, it is
not easy to select objective criteria that can be used
to uniquely assess the state of the landscapes of a
particular country or region, to reveal the causality of
change (Pileckas, 2004).

The object of this article is the forests of the
Republic of Lithuania.

The aim of the work is to perform the analysis of
forest area change in the Republic of Lithuania during
2006 — 2017.

Tasks to be solved:

1. To examine the current state of Lithuanian
forests.

2. To analyse the changes in forest areas of the
Republic of Lithuania in 2006 — 2017.

3. To anticipate trends in forest area changes.

Materials and Methods
Comparative, analytical as well as statistical and
logical analysis methods were used for the research.

The land fund statistics of the Republic of Lithuania
(Nacionaliné zemés, 2006-2017), graphically depicted
in figures, were used for the fulfilment of the research
of the forest area change in Lithuania for the years
2006 — 2017.

The article analyses works of foreign and
Lithuanian scientists, published in scientific
publications, conferences. The legal acts, regulations,
conventions, strategies and programs of the European
Union (EU) and the Republic of Lithuania are also
examined.

In this work, the forest coverage analysis of the
Lithuanian counties was carried out, the prevailing
tree species and age were determined, the distribution
of forests by groups and ownership type was
investigated.

The article presents the analysis of forest area
change in the counties and the Republic of Lithuania
in 2006 — 2017.The following planning documents are
used for the work: General Plan of the Republic of
Lithuania, National Landscape Management Plan, etc.

Results and Discussion

Analysis of the current state of forests. According to
the data of 2017, forests occupy 2,178,958.04 hectares
in the Republic of Lithuania, and the country’s forest
coverage is 33.38 percent. Forests in the territory of
the country are distributed unevenly (Fig. 1). The
most forested is Dziikija, but the least forested region
is Suvalkija.

After analysing the current state of the forests in the
Republic of Lithuania, it has been established that the
most forested are Alytus (48.80%), Vilnius (43.47%),
Telsiai (36.30%), Utena (35.30%), and Tauragé (33.45
percent) counties. In the mentioned counties, the forest
coverage is higher than the average of the Republic of
Lithuania (33.38 percent). In the remaining counties,
forest coverage is below the national average. It was
found that the least forested was Marijampolé county
(21.70%) (Fig. 2).

Coniferous species (56.2%) prevail in the country’s
forests, of which pine forests are dominant. Pine trees
grow in the area of 727.1 thousand ha. Overgrown
with softwood foliage are 816.1 thousand ha (39.7%),
with hardwoods — 83.8 thousand ha (4.1%) (Fig. 3).

In the study of forests according to their age, it
was found that in the five counties (Alytus, Taurage,
Telsiai, Utena, Vilnius), prevail forests of 50-59 years
old. In the remaining counties, i.e. Kaunas, Klaipéda,
Marijampolé, Panevézys and Siauliai, there are 60 —
69 years old forests.

In all of Lithuania’s counties, there are mostly
Group 1V commercial forests. These forests make up
71.4%, where the main purpose of farming is to form
productive stands to continuously supply wood. The
least are Group | forest reserves (1.2%) (Fig. 4).
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By analysing forests according to the type of
ownership, it has been established that in the counties
are predominantly forests of state importance managed
by state enterprises, National Parks and state reserves.
Only in three counties (Panevézys, TelSiai and Utena)
the predominant types of ownership are private and
other forests.

It is crucial today to analyse the current state of
forests and anticipate changes in trends, preventing
potential threats.

Forest area change in counties and in the
Republic of Lithuania. The tendencies of the change
of landscape naturalness express the development of
forest coverage. In the case of regional and general
forest coverage tendencies, certain assumptions about
the strengthening of natural weakly anthropogenic
landscaping positions, and the increase of the
compensatory potential of the natural framework are
formed.

Lithuanian forest coverage in 1938 averaged 20.7
percent, in 1983 — 27.9%, 1998 — 30.3%, 2014 -
32.6%, in 2017 — 33.38%.

There are ten counties and sixty municipalities
in Lithuania. The article presents an analysis of the
current state of forest and changes in counties and in
the country.

In Alytus county, forests occupied 266,257.97 ha
or 49.14% of the county’s area in 2006. In 2017, the
forest land occupied 264,363.18 ha or 48.80%. During
the period of the years 2006 and 2017 the forest area
decreased by 1,894.79 ha or 0.71%. Although during
the years 2006-2017 the forest area was decreasing in
the county, Alytus county remained the most wooded
area of the country.

During the analysed period, the forest area in
Kaunas county increased by 6,566.02 ha or 2.79% and
in 2017 occupied 242,029.42 ha.

In Klaipéda County, forests occupied 132,741.36
ha, i.e. 25.42 percent of the county’s area in 2006.
During the period of 2006-2017, the forest in the
county area increased by 5,612.7 ha or 4.23% and in
2017 it covered 138,354.06 ha and made up to 26.49
percent of the county’s area.

The areas analysed in Marijampolé county also
grew. In the county, one of the lowest growths of
forest areas has been determined over the analysed
period compared to other counties. The forest area
in 2006-2017 increased by 169.39 ha or 0.18% and
in 2017 occupied 96,894.09 ha, i.e. 21.70% of the
county’s area.

Panevézys county forests in 2006 accounted for
27.36%, and in 2017 — 28.54% of the county’s area.
During the period under consideration, the area occupied
by forests increased by 933879ha or by 4.33%.

Siauliai  county forests in 2006 occupied
220,114.76 hectares and amounted to 25.78 percent of

the county’s area. Forests in 2006 — 2017 increased by
14,798.15 ha (6.87%) and amounted to 230,312.95 ha
and made up 26.98% of the county’s area.

In 2006, the Tauragé county forests accounted for
32.19 percent and occupied 141,915.20 ha. During the
period under consideration, the forest area increased
by 5,543.66 ha or 3.91%. At present, the county’s
forest coverage is 33.45 percent (147,458.86 ha).

Telsiai county has a higher forest coverage
compared to the average in Lithuania. In 2017, the
forest coverage in the county was 36.30%, while in
the Republic of Lithuania — 33.38%. The area of forest
land increased by 11,572.14 ha (7.93%).

Utena county forests in 2017 amounted to 35.30%
of the county area. During 2006-2017 the forest area
increased by as much as 17,324.13 ha or 7.32%. The
county has the largest forest area change in hectares in
the Republic of Lithuania.

The forest coverage of Vilnius county is one of
the largest in Lithuania — 43.47 percent. During the
analysed period, the forest area increased by 13,886.17
ha or 3.39%.

During the period between the years 2006 and
2017 the largest development of forest area took
place in Utena (17,324.13 ha or 7.32%) and Siauliai
(14,798.15 ha or 6.87%) counties.

In the Republic of Lithuania forests occupied an
area of 2,100,341.64 hectares in 2006. During 2006-
2017 the area increased by 78,616.40 ha or 3.74%
(Fig. 5).

Thus, it was found that during the period of
2006-2017, the country’s forest area increased from
32.17% in 2006 to 33.38% in 2017 (Fig. 6). The
area has increased due to the implementation of
the forest improvement program, the promotion of
plantation forests, the promotion of self-help to forest
regeneration, participation in the Rural Development
Program, and EU payments for this.

As mentioned, the development of forests was
driven by Rural Development Program (RDP). For
example, 33% of the support for forest owners and
managers for 2007 — 2013 was 10% from RDP funds.
For the 2014 — 2020 program period, also 10% of all
rural development support was paid.

During the period of 2014 — 2020 the following
measures for the implementation of Rural
Development are foreseen: investments into the
development of forest areas and the improvement
of forest vitality; afforestation and establishment of
forest areas; establishment of agroforestry systems;
forest fire, natural disasters and catastrophic damage
prevention and remuneration; investments that
increase the resilience and environmental value
of forest ecosystems; investments in new forestry
technologies and processing and marketing of forest
products; payments related to Natura 2000; forest
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Figure 1. Forest coverage in Lithuania.

ecological and climatic services and preservation of
forests.

Implementation of the “Investment in Forest Area
Development and Forest Viability” activities will
ensure climate change mitigation, preservation of the
environment and sustainable forest development.

Forest change tendencies.

The general plan of the territory of the Republic
of Lithuania (Lietuvos..., 2002) states that the
afforestation of lands unsuitable for agriculture could
increase country’s forest areas to 38%.

In the resolution of the Government of the Republic
of Lithuania “On Approval of the Program for the
Development of the National Forestry Sector 2012-
2020” (Lietuvos, 2012) it is foreseen that by 2020,
the country’s forest coverage needs to be increased
to 34.2 percent. The National Environmental Strategy
(Lietuvos, 2015) states that the forest coverage by
2030 must rise to 35% of the total area of Lithuania.

In order to implement the forestry development
prospects, from 2018 to 2030, 106,068.87 ha of forests
should be planted, which in 2030 would occupy
2,285,026.91 hectares and would make up 35 percent
of the country’s area.

According to the data of the National Land
Service under the Ministry of Agriculture, in 2017 in
the country there were 64,007.68 hectares of unused
land and land unfit for agriculture, of which 39,640.34
hectares were not used for agriculture and 24,367.34
hectares of damaged land. The majority of this land
is a state property. After afforestation of this land, the
country’s forest coverage would increase by about
2.94 percent and will occupy 2,242,965.72 hectares
and make up 34.36 percent.

To ensure greater ecosystem stability, the country’s
forest coverage should be at least 35%. It will help
ensure the country’s ecological balance, protect the
habitats of forest wildlife and vegetation, stop soil
erosion, purify air, reduce greenhouse gas emissions

48.8
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451 B Kaunas
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35 B Marijampolé
301 B Panevézys
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Figure 2. 2017 forest coverage in counties in percentages
(Consisted by the author of the article).
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in the air and protect groundwater and surface waters.

In order to preserve and increase the Lithuanian
forest resources, forest reproduction on the genetic-
ecological basis of selective and valuable forest
reproductive material must be developed, production

of forest reproductive material must be optimized,
with a view to providing the market with quality
forest seedlings in the long term, ensuring adequate
protection of forests against diseases, pests and fires.

B Pine forests
@ Spruce forests
35.4 O Birch forests

—

22.1

w Forest of ash trees
B Black alder groves
B White alder groves
EH Asp groves

B Others

Figure 3. The area occupied by the main types of forest trees as a percentage of the total forest area
(Created by the author of the article (Baliuckien¢, 2011)).
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Figure 4. Distribution of forests by groups in percentages
(Created by the author of the article).
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Figure 5. Forest area change in the Republic of Lithuania in 2006 — 2017
(Created by the author of the article according to (Nacionaling, 2006 — 2017)).
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Figure 6. Percentage of forest coverage in the Republic of Lithuania in 2006 — 2017
(Created by the author of the article according to (Nacionaling, 2006 — 2017)).

Conclusions

1.

In 2017, forests occupied 2,178,958.04 ha (33.38%
of the area of Lithuania). The highest forest
coverage is in Alytus (48.80%), Vilnius (43.47%)
and Telsiai (36.30%) counties. The lowest forest
coverage was established in Marijampolé County
(21.70%). Forests consist of coniferous species
(56.2 percent), which are dominated by pine
forests. In Alytus, Tauragé, TelSiai, Utena, Vilnius
counties predominate forests that are 50-59 years
old. Forests in Kaunas, Klaipéda, Marijampol¢,
Panevézys, Siauliai are 60 — 69 years old.

78,616.40 ha or 3.74%. The largest development
of forest areas was recorded in Utena
(17,324.13 ha), Siauliai (14,798.15 ha) and Vilnius
(13,886.17 ha) counties, the lowest in Marijampolé
(169.39 ha) county. The area decreased in the
only county of Lithuania — Alytus (1,894.79 ha or
0.71%).

In order to implement the forestry development

prospects, from 2018 to 2030, 106,068.87 ha of

forests should be planted, which would occupy
2,285,026.91 ha in Lithuania and make up 35% of
the country’s area.

2. During the period of 2006 - 2017 years,

the forest area in Lithuania increased by
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Abstract

Land use efficiency is based on agricultural production. Correct and effective land use could solve several
problems — food production, improving the welfare and provision of social stability. The use of land and natural
resources is an important issue in the development of the country; therefore, many researchers and scientists have
analyzed and studied the use of agricultural land and land use efficiency. Efficient land use has an impact on different
types of factors, which are mutually contradictory. In the paper several authors researches are analyzed, studying
influencing factors of the use of agricultural land. Influenced by several factors the main problems associated with
the use of agricultural land are the increase of unused agricultural land, the continued degradation of land, but the
major problem of land use is the existence of a fragmented property structure. For the efficient use of agricultural
land, there are several conditions that need to be met or improved to achieve effective land use. The main conclusion
is that analyzing the problems that are associated with the use of agricultural land is seen as interactive interaction,
as the fragmented property structure is one of the reasons influencing the use of agricultural land, which leads to an
increase in unused areas of agricultural land, while unused areas of agricultural land are often overgrown with shrubs

while promoting degradation of land.
Key words: land use, factors, land use efficiency.

Introduction

The use of land and natural resources is an important
issue in the development of the country; therefore,
many researchers and scientists have analyzed and
studied the use of agricultural land and land use
efficiency. The use of agricultural land and land use
efficiency have been studied by Armands Auzins in
the work “Land Use Assessment and Management”;
by Irina Pilvere in the project “Economically efficient,
sustainable and productive land use for agricultural
and forestry production”, and by several authors in the
study “Factors influencing the use of agricultural land
in Guilan Province, Iran”, and in the work “Guidelines
for Land Use Planning” the use of agricultural land is
also analyzed.

Sustainable land management can promote the use
of agriculture land by motivating owners to manage
land, develop farms and benefit from the environment
without endangering it. In turn, Irina Pilvere, within
the framework of the project “Economically effective,
sustainable and productive use of agricultural land
and forestry production”, has analyzed the use of
agricultural land and the factors influencing it.

Within the framework of the project, land is
analyzed in four groups of purpose of real estate
use: Agricultural land, Forestry land and specially
protected nature territories, where economic activity is
prohibited by the regulatory enactment, Land of water
objects and Land of natural base and recreational
significance. Analyzing the distribution of land in the
groups of purpose of real estate use according to the
type of land use in Latvia in the beginning of 2010
and 2013, it can be seen that in 2013 in the group
Agricultural land only 60% of land is agricultural land,
whereas in the group Forestry land 85% of the area is
forest and 1.8% agricultural land (Pilvere, 2014). As

a result of the analysis of these data, it can be seen
that the area of agricultural land, comparing 2013 with
2010, has decreased in the groups of purpose of real
estate use: Agricultural land and Forestry land and
specially protected nature territories where economic
activity is prohibited by the regulatory enactments, but
the area of forestry land has increased in all analyzed
groups of purpose of real estate use.

An increase in such forest areas and a decrease
in agricultural land could be caused by the fact that
agricultural land is not being properly maintained and
has been overgrown with shrubs that form a forest
over the years.

This  study examined agricultural  land
characteristics and size distribution in groups according
to characteristics (groomed, neglected, overgrown) in
Latvia in 2012. As a result, it was ascertained that in
Latvia the largest agricultural land that is groomed,
neglected and overgrown is with areas of 20 to
50 hectares. It was also found that the areas of
unprocessed land have increased. Of course, these
results cannot be considered as completely precise,
since 75,000 hectares of agricultural land are not
recorded in the cadastre. Comparatively large
unprocessed areas of 232.2 thousand ha or 79% in
2012 are observed in groups of property from 5 ha to
100 ha (Pilvere, 2014). As the qualitative assessment
of land is also important in the use of agricultural
land, the study “Economically efficient, sustainable
and productive land use for agricultural and forestry
production” analyzed the qualitative assessment of
agricultural land in different size groups in Latvia. The
qualitative assessment of 364 thousand ha or 15% of
the total agricultural land is below 25 points, and 606
thousand ha or 26% is from 26 to 35 points, which
suggests that these areas may have limited intensive
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agricultural production. On the other hand, a very high
rating (more than 55 points) has relatively small areas
—only 5% of the total agricultural land (Pilvere, 2014).
The aim of the paper is to analyze influencing
factors of the use of agricultural land. To achieve the
aim, the following tasks were set:
e to analyse factors that are influencing the use
of agricultural land,
e to identify key factors affecting the use of
agricultural land,
e to estimate conditions for effective land use.

Materials and Methods

Land plays an important role in improving the
quality of life of people, in ensuring comfort and
safety, so using agricultural land should consider the
conservation of fauna and flora and the availability of
land resources for future generations. It is clear that
changes in land use can lead to serious environmental
problems; therefore, in order to plan and control the use
of agricultural land and its development, it is necessary
to identify and assess the factors influencing it.

Armands Auzins in his work describes land use
management problems and shows the ways of solving
them as well as emphasizes the importance of land
use efficiency in land management. The work “Land
Use Assessment and Management” analyzes the
theoretical aspects of land use assessment.

The author analysing the factors influencing the
results of land use has developed a model that shows
the factors influencing the results of land use linking it
with land management levels. The factors influencing
the results of land use are indicated as follows:

1. Socio-economic factor,

2. Environmental factor,

3. Institutional factor (Auzins, 2016).

These factors also have a significant impact on the
use of agricultural land and its effectiveness.

The socio-economic factor is characterized by:
availability and use of land resources, introduction of
innovative technologies, development of economic
sectors and territories, environment and infrastructure,
land capacity and productivity, living environment and
population, credit facilities and investments, increase
of competitiveness and use of renewable energy
resources (Auzins, 2016). The use of agricultural
land plays a major role in credit facilities, because the
successful use of credit facilities can improve farms
through the introduction of innovative technologies,
as this can improve land management rapidity, save
time, resources and produce more productive yields.

Land capacity and productivity also play an
important role in utilizing agricultural land, the more
productive the land is, the more likely it is that it
will be managed and yielded. Also, great importance
is the territory, place where the land is located and

its population or habitat area. There is a regularity
between the use of land and habitat area, for example,
the larger the population, the more land is used in this
territory, the less populated area, the more likely it is
that the agricultural land will not be fully exploited in
this area. Possibility of use of land is also influenced
by the environmental factor.

Environmental factors are characterized by:
biodiversity (genetic diversity, diversity of species
and diversity of ecosystems), ecological integrity
(ecosystem structure and processes), and natural
capital (Auzins, 2016) (the soil in which we grow
food, raw materials for construction and clothing,
water for drinking and even the air we breathe) (Daba
ka kapitals, 2015).

An important role in agricultural land use plays the
environmental factor, such as plant genetic diversity,
as grazing provides greater plant diversity, the greater
the chance that it will give a high energy value. Equally
important is the provision of a specific area with
natural capital, for example, whether there is sufficient
raw material for construction (farm improvement) in
this area, what is the quality of the soil (affects the type
of utilization of agricultural land and its productivity),
and whether there is access to water or it must also be
given a boost, which can increase the cost of land use.

The use of land is also influenced by an institutional
factor that is characterized as the interaction of
regulatory norms and organizations (Auzins, 2016).
It is important to harmonize land use with statutory
norms and regulations so that the way of land use does
not conflict with the norms established by law. It is also
important to note that in Latvia unused agricultural
land is subject to an increase in the tax rate.

Armands Auzins has analyzed not only the land
use, but also the land use efficiency and factors and
features influencing it, as well as sustainable land
management.

The use of agricultural land is important for
sustainable land management, whose mission is to
maintain or improve production and provision of
services, protect natural resources, ensure economic
viability, prevent water quality deterioration and
reduce soil degradation, reduce production risks
(Auzins, 2016). In order to determine the factors
influencing the use of agricultural land, it is necessary
to look at the factors influencing other factors as well.

The authors of the study “Effective Factors on
Agricultural Land Use Change in Guilan Province,
Iran” identified five factors influencing the use of
agricultural land:

1. Economic factor,

Social factor,

Governance and political factor,
Technical and technological factor,
Individual factor (Allahyari et al., 2013).

arwn
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factors

Environmental
factors

Individual
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Figure 1. Factors affecting the use of agricultural land.

The economic factors are high production costs, low
prices for agricultural products, resulting in a decrease
in profits from the use of agricultural land. Low income
creates pressure on the owners and, as a result, decreases
or the owners are forced to completely abandon the
management of agricultural land. Intensive use of
agricultural land reduces land productivity (Allahyari
et al., 2013). In order to improve the productivity
of agricultural land, it is necessary to invest in, for
example, land fertilization, thereby increasing the cost
of utilizing agricultural land, resulting in the loss of
motivation to manage this land.

Social factor is characterized by changes in the
population, for example, growth in urban areas and
a decrease in rural areas. An important indicator
is also the level of education of the population and
opportunities for attending special courses to exit
from traditional agriculture (Allahyari et al., 2013).
The use of agricultural land is also affected by the fact
that agricultural production is largely seasonal, which
has a significant impact on the number of workers.

Governance and political factors are characterized
by lack of support for producers, import of products,
inheritance of land, lack of support for young farmers,
an increase in land rent, timely reimbursement of
damages, lack of support for producers, resulting in
the purchase and sale of agricultural land (Allahyari
et al., 2013). Foreign imports have an impact on
production, because imported products can be cheaper
to purchase than local produce. The use of agricultural
land is also affected by the inheritance of the land,
which is related to the wishes of the new owner to

sell the land, but until the documents are arranged, the
land is not used. In addition, the use of agricultural
land is affected by the fact that, when inheriting land,
it becomes a joint property between the heirs, as a
result of which this land belongs to several owners as
a joint property or it is divided into real parts, which
leads to fragmentation of land. Such activities may
result in non-economic production.

Technical and technological factors are
characterized by traditional production methods,
changes in land treatment technologies, poor
knowledge of the use of pesticides and chemical
fertilizers, as well as inappropriate plowing system
causing losses and changes in soil physical and
chemical properties (Allahyari et al., 2013).

The individual factor is characterized by physically
heavy work related to the use of agricultural land,
as labor productivity decreases as a result of aging,
which may reduce the use of agricultural land, as well
as the state of health affected land use and associated
changes (Allahyari et al., 2013).

In the work “Guidelines for land-use planning”
problems related to the land use are listed and the land
use influencing factors are defined. In this study, only
three are counted as factors affecting the land use:

1. Social factor,

2. Economic factor,

3. Environmental factor (Guidelines for land ...,

1993).

Social factor indicators include the migration
of people from the countryside to cities, the lack of
employment opportunities in rural areas.

RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1

183



Vita Cintina, Vivita Pukite

ANALYSIS OF INFLUENCING FACTORS OF
USE OF AGRICULTURAL LAND

Economic factor is low income and high costs of
cultivating agricultural land.

Environmental factor includes inadequate water
supply, excessive drought or moisture, and the spread
of plant diseases.

The scheme provides a summary of the land use
factors set out in works of various authors and the
main problems identified in connection with the use
of agricultural land (Figure 1).

As previously identified, the main problems
associated with the use of agricultural land are the
increase in unused agricultural land and the continued
degradation of land, but the major problem of land use
is the existence of a fragmented property structure.
These factors are affected by the following economic,
social, governance and political, technical and
technological, environmental and individual factors.
When problems and factors affecting the use of
agricultural land are identified, it is necessary to look
at the ways to ensure more efficient land use.

Results and Discussion

More efficient production processes and better
environmental management systems can significantly
reduce pollution and waste, and save water and other
resources. Land resources have an impact on effective
agricultural activity, as well as economic, social and
political stability. Currently, it is not determined
in Latvia how efficiently land should be used and
what criteria should be taken into account in order to
determine evaluation of the efficiency of land use.

Summarizing the work done by foreign authors,
a theoretical model for determining the economic
efficiency of land use has been obtained. The model
is based on the needs and interests of the owners, as
well as the interests of the state and local government.
The economic efficiency of land use is characterized

by the ratio between the amount of production and the
cost per land unit area (Baumane et al., 2014). The
efficiency of land use is reflected in materials, and
labor costs can be used to determine the efficiency of
production and economic land use. The efficiency of
land use is influenced by the set of economic measures
undertaken to improve land quality and increase
productivity.

The essence of land-use efficiency is economic
activity, on the one hand, and different resources, and
(or) costs — on the other hand (Mumuna, 2011).

Land use efficiency can be studied from different
aspects:

e economicaspect—implementation of production
of products, costs of production and labor,
ecological aspect — improvement of land
quality, which allows to obtain additional yield
by improving economic indicators of economic
activities, eliminating environmental damage,
economically ecological aspect — the cost of
complex measures aimed at improving the
quality and protection of agricultural land,
socio-economic aspect — growth indicators
for assessing natural resources, preventing
environmental damage,
socio-economically ecological aspect - the
transformation of solar energy at a minimal
cost, the introduction of fossil fuels and the
introduction of human energy with high
profitability (Muuna, 2011).

Land-use efficiency differs according to land use
needs, for example, whether the land is used by large
agricultural enterprises: associations, cooperatives,
research and education establishments or used by
smaller or larger private households.

Increasing land use efficiency is a topical issue in
many countries; therefore, indicators of land efficiency

[

Effective land use

|

/
\

/ External conditions

1. Climatic conditions

2. State methods of land use regulation
(land control, cadastre)

«land market

erelations with producers and support
programs at the local and regional level

«credit policy

T

Internal conditions

-

«farmland territory organization

~

«focus on production specialization
«increase of soil fertility
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Figure 2. Conditions for effective land use.
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measurement systems and ways of calculating
economic land efficiency are being developed.

The main condition for efficient use of agricultural
land is the increase of soil fertility. It is based on the
improvement of agricultural systems in the holdings:
the organization of land areas, the planning of
rotational crops, the study of the structure of the sown
area, the establishment of a soil treatment system, the
maintenance and installation of drainage systems,
fertilizer systems, pest, disease and weed control,
seed production, environmental protection measures
(Komo6osa, 2008). The agricultural system must meet
the needs of society, the ecological requirements of
agriculture and crops, natural climatic conditions, the
level of intensification of production, the structure of
the economy, and the minimum risk of environmental
pollution must be ensured. Efficient use of agricultural
land (Figure 2) has both external and internal
conditions that need to be met or improved to achieve
effective land use.

An essential element of the effectiveness of
agricultural land is the organization of land parcels,
which ensures proportionality between available
land and available labor, financial resources, as well
as proportionality with the use of agricultural land,
areas of production and specialization of agricultural
holdings. Agricultural land is not used in many places
because there are no balanced production factors.
Due to lack of work in rural areas, people do not
object to work at a lower wage, which leads to lower
productivity and, in the end, to inefficient land use,
as employees lack motivation to work. Land use
efficiency also affects the scarcity of agricultural land,
which makes it difficult to organize rotational rotation,
which in time affects soil fertility.

Mechanical soil cultivation is an essential element
of the effectiveness of using agricultural land as it
improves soil fertility. It accounts for 30 — 50% of all
costs in crop production. Resource-saving technology
is based on cost reduction through minimal soil
treatment. The use of such technologies greatly reduces
the risk of soil fertility falling, as well as reduces

or eliminates the effects of water and wind erosion
and fuel consumption, thus increasing the total land
productivity (Kono6osa, 2008). The use of resource-
saving technologies does not preclude the use of
intensive production methods in crop production, such
as the use of chemicals (herbicides and fertilization).
Proper fertilization of agricultural land simultaneously
improves soil fertility and increases productivity.

Seed production plays an important role in
increasing the efficiency of using agricultural land
(Kono6osa, 2008). High quality seeds with high
potential yield are harvested. In the production of such
seeds, timely collection and proper storage of seeds
and grain selection are important.

In order to obtain high and durable results at lower
costs in agricultural production, it is necessary to make
all production processes in optimal time and with
the optimal quality that is possible if the production
process is run by highly qualified personnel with
high level technologies. In turn, the use of farmed
agricultural production equipment leads to a reduction
in labor productivity and an increase in production
costs (Kono6osa, 2008).

Extreme conditions affecting land use efficiency
are national legislation, land policy guidelines, credit
facilities, land tax rates as well as relationships with
agricultural production partners at local, regional and
international level.

The key role in the use of agricultural land is
played by the possibilities of credit facilities and
additional financial gain. State aid plays a major role
in the use of agricultural land and in the production of
agricultural products. As an example, the Government
of the Russian Federation has developed the program
“Agricultural Development” (Pazsutue AIIK)
(Komo6oBa, 2008). State aid is provided by subsidizing
interest rates on investment loans, loans are granted
for the development of production on farms, leasing
of equipment and breeding animals. A system of land
and mortgage lending is in place, as well as access
to housing necessary for young farmers and their
families in rural areas.

The economic efficiency of land use

Value
indicators

cash costs and profit
per hectare of land

Natural
indicators

crop yield
determination

Figure 3. Indicators of economic efficiency of land use.
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In order to provide such support, it is necessary
to introduce a complex set of organizational and
economic measures, as well as to ensure coordinated
action at all levels of state and local government.
Landowners and land users are also required to
provide state aid with understandable and transparent
rules and regulations, as well as to create public
and private sector restrictions on land use. Another
important provision to increase the efficiency of the
use of agricultural land is planned rational land use
(Tameusin, 2014). It is also necessary to ensure control
and land monitoring, which is carried out in Latvia
by the Rural Support Service by surveying the land
and listing the total and uncultivated agricultural land.
Thus, the main directions for improving and increasing
the efficiency of land use are the introduction of
intensive farming systems as well as clear national
policies and legal regulations related to agricultural
production and the use of agricultural land.

Two indicators have been developed (Figure 3),
which can be used to determine the land use efficiency:
the natural indicator (crop yields) and the value
indicator (cash costs and profit per hectare of land).

Economical land wuse efficiency, which is
characterized by natural and value indicators is
determined most often (M3ues & IlleiixoB, n.d.). The
main indicators of them are the following:

e crop yields,

Using these indicators, it is possible to determine
the economic efficiency of land use, but one of the
most important indicators is the determination
of profitability of production, as this indicator is
influenced by the location of the land and the fertility
of the land.

Conclusions

1. Analyzing the problems that are associated with
the use of agricultural land is seen as interactive
interaction, as the fragmented property structure
is one of the reasons influencing the use of
agricultural land, which leads to an increase in
unused areas of agricultural land, while unused
areas of agricultural land is often overgrown with
shrubs, thus facilitating degradation of land.

2. The use of agricultural land is influenced by
economic, social, governance and political,
technical and technological, environmental and
individual factors, the impact of which increases
or decreases the groomed land area.

3. Increasing land use efficiency is a topical issue in
many countries; therefore, it is necessary to develop
indicators of land efficiency measurement systems
and ways of calculating economic land efficiency.

4. In order to increase the use of agricultural land,
it is necessary to financially motivate and support
existing and new farms.
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Abstract

Management of remediation projects in contaminated sites has become an increasingly global challenge and
nowadays takes intensive international environmentally sound cooperation intended to relieve negative consequences
of landscape pollution. This paper aims to deal with the phytoremediation approach for protection of environment
and preventing the streaming of contaminant flows to hydrological systems. Phytoremediation is a cost-effective
environmentally friendly clean-up technology, which uses plants and microorganisms in rhizosphere for soil and
groundwater treatment. Phytoremediation is enhancing degradation of organic pollutants and improving stabilization
of inorganic contaminants where plants can be used to treat soil and water polluted with hydrocarbons, chlorinated
substances, pesticides, metals, explosives, radionuclides as well as to reduce the excess of nutrients. Selection of
species for this type of treatment processes is based on evapotranspiration potential and ability to bioaccumulate
contaminants. The project entitled “Phytoremediation Park for treatment and recreation at glassworks contaminated
sites” (PHYTECO) aimed at cross-sector international partnership. The challenge of project was to develop remediation
strategy where negative consequences from centuries long anthropogenic influence are turned to be something
positive — development of the recreation park from the glass dump. Here designers, scientists, local volunteers,
international students would join ideas and common work for the boost of innovation and sustainable thinking. New
“Knowledge in Inter Baltic Partnership Exchange for Future Regional Circular Economy Cooperation” (PECEC)

project is sequential continuation.

Key words: contaminated sites, heavy metals, oil products, phytostabilization, remediation.

Introduction

Remediation is clean-up, mitigation, correction,
abatement, minimizing, elimination,  control
and containment or prevention of a release of
contamination thereby protecting human health and
environment (9VAC20-160-10, Definitions, 1997).
Clean-up technologies improve environmental quality
and remove historically and actually contaminated
sites to minimize loss of land as a resource and treat
groundwater problem by preventing contaminant
flows to hydrologic systems (Directive 2008/1/EC,
2008). Low energy and resource use, low waste
production, minimized footprint and innovations are
recommended characteristics for feasible remediation
technologies (Schrenk et al., 2007). The decision on
choice of remediation technologies should take in
account:

a) Short-term and/or long-term effectiveness;

b) Effectiveness of contaminant reduction at the
site;

¢) Reduction of contaminant toxicity;

d) Cost effectiveness of remediation.

Remediation technologies can be divided as in situ
and ex situ technologies; according to the scope of
application — vadose and saturated zone technologies;
taking into account the processes used as biological,
physical separation, chemical, physical-chemical,
thermal, and containment techniques (Prokop,
Schamann, & Edelgaard, 2000).

Phytoremediation itself is a cost-effective and
using plants and microorganisms associated in

root system (rhizosphere) as soil and groundwater
treatment agents. Plants and microbial communities
are degrading organic pollution and enhancing
stabilization ~ of inorganic  contaminants by
hyperaccumulation and removal of substances when
yielding out during the process. Target contaminants
are hydrocarbons, pesticides, chlorinated substances,
explosives and their components, heavy metals,
radionuclides and excess nutrients. Plant species
are selected regarding geographical objectives,
evapotranspiration potential, growth rates, growth
characteristics and bioaccumulation potential. For
the extraction of metallic elements from soils the
most common processes used are phytoextraction and
phytostabilization (Chaudhry et al., 2008), but for
organic contaminants — phytodegradation. Process of
phytoextraction means accumulation of contaminants
from the soil by plants hyperaccumulators (Wang
et al., 2013), but phytostabilization is applied
when contaminants in the soil and groundwater are
immobilized by sorption on roots or precipitation
within the root zone.

Metabolism can directly and indirectly destroy
petroleum hydrocarbons by degrading them to other
substances such as alcohols, acids, carbon dioxide
and water (Eweis et al., 1998). The efficiency of
phytoremediation depends on a choice of plant species
and is able to accumulate metallic elements and
metalloids such as selenium, copper, cadmium and
zinc (Bafiuelos et al., 1997; Ebbs et al., 1997; Brown
et al., 1994).There are some species of trees and
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Figure 1. Project planning stage of the Orrefors Park. Pedestrian pathway planning, plant areas
for phytostabilization purposes and recreation. This is a pilot area, a full-scale project
includes additional territories.

shrubs whose roots are able to extend into the ground
up to a depth of 18 m or deeper, e.g., Sarcobatus
vermiculatus and Prosopis juliflora, but these species
are not present in Europe (Landmeyer, 2012).

Species of willows (e.g., Salix viminialis) can
be used for phytoremediation due to their deployed
root system and ability to grow quickly (Blumberga,
Klavins, & Valtere, 2010). Five main processes
dominate in phytoremediation: rhizofiltration,
phytodegradation, phytostabilization, phytoextraction
and phytovolatilization (Salt, Smith, & Raskin, 1998).

The aim of research is to explore the phyto-
remediation approach for protection of environment
and preventing the streaming of contaminant flows to
hydrological systems. The main tasks of this research
are: firstly, to evaluate effectiveness of short-term and/
or long-term phytoremediation projects; secondly, to
evaluate effectiveness of contaminant reduction at
the site; thirdly, to evaluate reduction of contaminant
toxicity; fourthly, to evaluate cost effectiveness of
phytoremediation.

Materials and Methods
Case Study in Southern Sweden

In our case study, Orrefors is a glasswork situated
in a Swedish village in Smaland. In 1914, with Johan

Ekman, the production of glass began. Nowadays
there is only a glass factory that is situated in Kosta
Boda. The Orrefors glass factory during performance
created a lot of pollution in the surrounding area.
Dumps emerged all around the village that affected
the soil, the water and all the environmental quality
(Etzkowitz, 2008; Hogland et al., 2014). The goal
was to initiate a full-scale glass landfill excavation
and design for a phytoremediation recreation glass
parks and import gathered knowledge. Recreation
parks after remediation will create a tourist area at the
Orrefors glassworks, Sweden. Following excavation
of the glass landfill site there, the project’s partners
intend to introduce plants capable of drawing heavy
metals out of the soil (Hogland et al., 2014).

The Orrefors Park was designed and planned by
collaborating environmental scientists and design
professionals and is depicted in Fig. 1.

Unlike organic substances, heavy metals
are essentially non-biodegradable and therefore
accumulate in the environment. The accumulation of
heavy metals in soils and waters poses a risk to the
environmental and human health (Pilecka et al., 2017;
Ali, Khan, & Sajad, 2015).

Cleanup of heavy metal contaminated soils was
utmost necessary in order to minimize their impact on
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the ecosystems. This is a challenging job with respect
to cost and technical complexity.

For Orrefors Park project it was decided to apply
phytoremediation technique, which is considered as
a green alternative solution to the problem of heavy
metal pollution.

Phytoremediation basically referred to the use
of plants and associated soil microbes to reduce the
concentrations or toxic effects of contaminants in the
environments (Ali, Khan, & Sajad, 2015).

By phytostabilization certain plants were
used to reduce the mobility and bioavailability of
pollutants in the environment. Plants can immobilize
heavy metals in soils through sorption by roots,
precipitation, complexation or metal valence
reduction in rhizosphere. Phytostabilization limits the
accumulation of heavy metals in biota and minimizes
their leaching into underground waters (Ali, Khan, &
Sajad, 2015).

After phytoextraction each plant has to be removed
from the site that leads to accumulation of huge
quantities of hazardous biomass, which must be stored
or disposed appropriately to minimize environmental
risk. The methods of disposal of contaminated
plants include approved secure landfills, surface
impoundments, deep well injection or incineration
(Padmavathiamma & Li, 2007).

Since contamination of soils and waters by toxic
heavy metals is a serious environmental problem,
effective remediation methods are necessary. Physical
and chemical methods for cleanup and restoration
of heavy metal-contaminated soils have serious
limitations like high cost, irreversible changes in soil
properties, destruction of native soil microflora and
creation of secondary pollution problems (Ali, Khan,
& Sajad, 2015; Padmavathiamma & Li, 2007). In
contrast, phytoremediation is a better solution to the
problem (Blaylock & Huang, 2000).

b A o
. v : @
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The effectiveness of phytoremediaton technology
application to prevent the streaming of contaminant
flows to hydrological systems were evaluated by using
SWOT analysis with following criteria:

a) Short-term and/or long-term effectiveness;

b) Effectiveness of contaminant reduction at the
site;

¢) Reduction of contaminant toxicity;

d) Cost effectiveness of remediation.

Results and Discussion
Phytoremediation perspectives in Latvia

The main concern in Latvia is related to the costs
and legislation, which often contradicts the business
interests. Decision-makers from stakeholders should
be strict about the process of preliminary studies as
well as allow some flexibility in order to avoid too
high costs and stagnation of the remediation process
because of this reason (SUMATECS, 2008). Financial
feasibility, market situation, environmental quality
demands and recovery of the land resources are also
among the important factors for decision-making.
Phytoremediation techniques are recommended if the
contamination level is low or average comparably
to guidelines in most of legislator acts (Ellis &
Hadley, 2009; SUMATECS, 2008; Burlakovs &
Vircavs, 2012). The density of contaminated sites
with mixt pollution in Latvia is presented in Figure
2. Until current time, no full scale phytoremediation
applications have been performed in Latvia; however,
several trials were done and some cases are described
in this paper as follows.

According to Prokop et al. (2000) there was
developed a conceptual decision scheme for
remediation of contaminated sites with mixed
contamination (see Figure 3).

The contamination with oil products can be
stabilised by using five general approaches with

Density of Contaminated Sites

97 @
. @

3

Figure 2. Geographical distribution and density of contaminated sites in Latvia residential areas.
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Figure 3. Decision scheme for remediation of contaminated sites.

plants, such as: alfalfa (Medicago Sativa L.), Willow
(Salix spp.) and Poplar (Populus spp.). The aim of this
approach is to stabilise contaminant in soil and reduce
amount of contamination.

The process of phytoremediation project for
protection of hydrological systems from oil products
(hydrocarbons) can be performed in different ways
(Ali et al., 2013).

If the pollution concentration of oil products is
high or the contamination is at a depth that is not
accessible to plants, planting can be formed in front of
the contaminated area (see Figures 4 and 5) in order
to reduce the groundwater flow towards pollution and
prevent the extended leaching from the contaminated
area (Ali et al., 2013).

If the concentration of oil products is low and
no significant groundwater flow is observed in the
contaminated area, then the contaminated area can be
localized by using plantation.

In order to facilitate the purification of the area from
pollution with oil products, vertical drainage wells
with 50 mm in diameter can be installed and periodic
watering of the plantation performed with drainage of
polluted groundwater in the contaminated area should
be done (see Figure 6) (Alietal., 2013). Here engineers
should plan that pollution stays on site and is not
expanding aerially. In order to prevent contamination
flow from neighbouring areas, the plantation should
cover at least 10% wider area than the contaminated
area. Watering will not only provide plants with water
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Figure 4. Landscape planning with planting for oil
pollution prevention to hydrological systems.
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Figure 6. Landscape planning for planting in areas
with uncertain groundwater flow direction combined
with watering from vertical drainage
wells (KAJ50).

but also increase the amount of oxygen in the soil,
creating an appropriate microclimate for soil bacteria,
thus accelerating purification of groundwater and soil
from oil pollution contamination.

If the concentration of pollution is high and it
is necessary to isolate the contaminated area, a tree
plantation in the direction of the groundwater flow in
front of the polluted area might be planned, moreover —
a ditch system in front of tree plantation can be settled.
With that planned, it will prevent the surface water
flow to the contaminated area (see Figure 7).

There are many possible solutions that might
be combined and designed for each type of
contamination, geography, climatic conditions and
necessities defined by planners and decision-makers;
therefore, it is important to plan remedial solutions
by inviting in planning process engineers, decision-
makers, landscape architects, chemists and botanists.

Conclusions

The SWOT analysis of the effectiveness of
phytoremediaton technology application to prevent
the streaming of contaminant flows to hydrological
systems for contaminated areas of low concentrations
of mixed pollution shows: a) short-term and/or long-

Figure 5. Landscape planning with planting for
localizing contaminated area.

Figure 7. Planting scheme for isolation of
contaminated site from hydrological influence.

term effectiveness of contaminant reduction on the
site is set by concentration of pollution and the size
of contaminated area; b) reduction of contaminant
toxicity depends on the content of contamination
and used technology in remediation process; c) cost
effectiveness of remediation depends on the size of
contaminated area and concentration of pollution. The
landscape of today reflects the way the society has
taken care of it. It needs an adequate landscape policy
that establishes general principles, strategies and
guidelines aimed at the protection, management and
planning of landscapes. Moreover, when contamination
is threatening environment including hydrological
systems, the phytoremedial actions are the friendliest
if applicable. Decision systems through cooperation
are to be used for choosing the best available
treatment of soil and water as well as prevention of
contaminants mobility in water basins. Latvia is
characterized with high density hydrological network
and one of first aims of phytoremediation is to stabilize
contamination to avoid leaching in groundwater and
water streams. The most effective plants in Latvia
climate conditions for phytostabilization are alfalfa
(Medicago Sativa L.), willow (Salix spp.) and poplar
(Populus spp.). Geographical density of pollution
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is concentrated in large cities and former military
areas which may be transformed to greenfields
through phyto-revitalization. The harvest utilisation
of biomass depends on the type of pollution. The
biomass from areas with oil products contamination
can be composted or burned. However, the biomass
from areas with mixed contamination (for example,
oil products and heavy metals) has to be dried and
transported to waste incineration. The PHYTECO
project as an example from Southern Sweden was
the immaculate pioneer example how forces may
be joined to achieve the best available solution for
treatment of contamination, thus, avoiding high costs
and by adding the aesthetic and environmental value

through the creation of Orrefors (Phyto)Park. Last but
not the least aspect is education and environmental
awareness that grows through generations,improving
personal attitudes of many how to deal with the natural
heritage to their children and grandchildren.
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Abstract

This paper investigates the effect of intake runner design on pressure wave propagation and reflection in spark-
ignited internal combustion (IC) engine. These events are known to leave a noticeable influence on the overall engine
performance therefore the aim of this study is to evaluate how changes in intake runner geometry affect pressure
oscillations and volume flow rate. Time-dependent computational fluid dynamics (CFD) analysis was carried out to
determine how these changes affect the pressure oscillations during a full engine cycle at constant crankshaft speed.
Steady state CFD analysis at constant pressure differential was carried out to evaluate the effect on volume flow rate.
The simulations were carried out in SolidWorks Flow Simulation environment. Honda CRF450R motorcycle engine
was used to define the initial conditions and basic intake runner design. Intake air speed at port entrance cross-section
was calculated based on engine parameters and operating speed. The average pressure values with respect to physical
time were measured and graphed across the intake port opening cross-section. Six different intake runner designs
were compared. It was concluded that the runner taper angle has influence on pressure wave-length but internal
geometry (steps, curvature and taper angle) has influence on volume flow rate. It was observed that cylindrical intake
runner design produced an increase in pressure wave-length but a cylindrical section of the intake runner with a
stepped transition to tapered extension produced a slight increase in pressure wave amplitude.

Key words: computational fluid dynamics, flow simulation, pressure waves, intake system, volumetric efficiency.

Introduction

Modern internal combustion engines require
highly tuned components and systems to achieve the
benchmark that meets the market requirements for
fuel consumption, emissions and output. The goal
of these components and systems is to maximize the
efficiency of the engine by increasing the volumetric
efficiency and creating optimum conditions for a
clean combustion process. The typical spark-ignition
internal combustion (IC) engine (see Fig. 1, Table
1) is equipped with an intake system that consists of
intake runner, plenum and throttle body. The layout of
this system has a great influence on the torque curve
described as the engine output (Bayas, Wankar, &
Jadhav, 2016). In addition, smaller changes in runner
design can help performance by decreasing the flow
resistance and modifying the pressure oscillations
created by cyclic intake strokes of the piston
(Hamilton, Cowart, & Rozich, 2009). According
to previous research done in this field, propagating
pressure waves in fluids will reflect from open or
closed areas, including changes in the cross section
of propagation path (Soon, 2014). When low pressure
is generated near the intake valve(s) by the piston,
the intake cycle begins and the fluid in the intake
runner starts flowing into the cylinder while building
momentum and generating a negative pressure wave
front at the same time. When the intake valve(s) is
closing, the fluid in the intake runner is transferring
its Kinetic energy to pressure generating a positive
pressure wave front traveling at the local speed of
sound and propagating back in the direction of the inlet
boundary or plenum. When the wave front reaches the
inlet boundary, some portion of the pressure wave will

be reflected back into the intake runner. It has been
found that pressure oscillations in the intake runner
are, to a certain extent, unaffected by the acoustics of
the intake plenum (Selamet, Kothamasu, & Novak,
2001). This back-and-forth propagation of the pressure
wave fronts in the intake runner is responsible for
maximizing the efficiency of the ongoing and creating
optimum conditions for the next intake cycle. This
allows the volumetric efficiency to be increased
beyond the region that an intake system with no
runner can achieve (Sammut & Alkidas, 2007). The
goal of a tuned intake system is to ensure the pressure
oscillation frequency that aids engine breathing at
the desired engine speed of maximum output and
to maintain the maximum possible amplitude of the
pressure oscillations to yield the most effect. It is
also important to design the intake system in such a
way as to provide the lowest possible flow resistance
while keeping the flow characteristics sufficient for
optimum combustion process. In addition, intake
and exhaust wave reflection points can be paired
or offset to compliment one another and enhance
the scavenging process (Vorum, 1980). Nowadays,
numerical (1D) or acoustics simulation software can
be employed to estimate the optimum intake runner
length or geometry, significantly reducing the time
for engine development and testing (Vitek & Polasek,
2002). It has been found that good agreement between
mathematical models and real-time measurement can
be achieved (Harrison, De Soto, & Unzueta, 2004).
These models can be supplemented to account for
intake and exhaust interaction to allow a more detailed
prediction of engine performance (Zhang & Assanis,
2003).
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Figure 1. Main components of internal combustion engine (see Table 1 for abbreviations).

Table 1
Engine and calculation parameters

Parameter Abbreviation Value
Bore, mm DboE 96.0
Stroke, mm LiLroke 61.9
Connecting rod length, mm Lo 102.3
Cylinder offset, mm Lum 8.0
Swept volume, cm?® - 449.4
Intake valve diameter, mm D, 36.0
Intake lift duration, °crankshaft - 180
Intake port opening area, mm? ot 1452.2
Analysis engine speed, min? - 10 000
Volumetric efficiency at the speed of analysis, % VE 100
Angular step, ° b 4
Time step, s t.. 6.67 10
Crankshaft angular position, ° P 0-360
Crankpin horizontal displacement, mm L, —
Crankpin vertical displacement, mm L, —
Connecting rod projection, mm Lo —
Absolute piston position, mm P —
Relative piston position, mm P —
Cylinder volume, cm? V., —
Filling speed, cm? s! Sa —
Intake valve lift, mm L, alve —
Air speed at port opening, m st S, —
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Materials and Methods

The object of the investigation is a basic intake
runner design from 2013 Honda CRF450R motorcycle,
supplemented with constructional changes associated
with different throttle body housing designs. The
analysis was carried out in 2018 at the premises of
Latvia University of Life Sciences and Technologies
in  SolidWorks Flow Simulation computational
fluid dynamics (CFD) environment using Navier-
Stokes equations as a basis and supplementing the
calculation with geometry, boundary, wall and initial
conditions. The boundary conditions are calculated
based on engine parameters (see Table 1) and
operating conditions are introduced on six different
intake runner layouts (see Fig. 2 and Table 2). The
calculation is done with respect to physical time and
with the use of nested iterations to allow the mapping

A)

B)

# ff--'

r,.~

of pressure waves inside the runner. The results are
obtained numerically and presented in a table reflected
by a graph.

The boundary conditions are derived from the
engine operating at a constant speed that coincides
with the engine speed of maximum aimed power
output. Atmospheric pressure boundary condition is
specified inside the inlet chamber and outlet air speed
is specified at the runner outlet. The overall length of
the model coincides with that of the given engine -
from intake valves to the inlet boundary (see Fig. 1,
Table 2).

In order to calculate the outlet air speed, it is
necessary to plot the piston position with respect to the
angular position of the crankshaft. It can be calculated
by dividing the location of the crankpin in horizontal
(L,) and vertical (Ly) components (Equations (1) and

I |

Figure 2. Intake runner designs of the study.

Table 2
Runner design parameters
Variant D, mm [, mm l,, mm r, mm r, mm a°
A (OE design) — — 2.1
B — — 0
C 0 0 21
43 217 82
C, 3 15 21
C, 9 21
C, 15 21
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Piston position, mm

200

Crankshaft angular position, °

Piston position

Figure 3. Calculated values of air speed S, and relative piston

position P_, with respect to crankshaft angular position P

(2)). The crankshaft angular position step t g4 ° (see
Table 1 and Fig. 1 for abbreviations).

_ Sin(Pcranki) ) Lstroke (1)
xXi — 2

_ COS(Pcranki) * Lstroke (2)
yi 2

As the connecting rod is changing the angle from
vertical axis with respect to the angular position of the
crankshaft, it is necessary to calculate the length of its
vertical projection L ., considering the offset (L . )
between the cylinder axis and center of crankshaft
(see Equation 3).

Lproji = \/Lrodz - (in + Loffset)2 ©))

The absolute position of the piston P, can then
be expressed as the difference between the vertical
projection of connecting Lo and its length L
subtracted from the crankpin’s vertical component L,
(see Equation 4).

Pabsi = Lyl- = (Lyoa — Lprojl-) (4)

The following expression (see Equation 5)
translates the piston position from absolute (P, ) to
relative (P,). The result of this variable is plotted in
Figure 3.

- H::n
250 ¢
i)
200 %
=9
=]
s0l50 &
<9
=
100 g
il
iy
50 .
=,

0

= = = Air speed at port opening
crank”
Preli = Pabsi - Pabsmin (%)

The volume of the cylinder Vo in each respective
angular position of the crankshaft can now be
expressed as follows (see Equation 6).

2
7T * Dpore

4
The cylinder filling speed S, is now the difference
of two cylinder volumes at adjacent time steps over

the amount of time step (see Equation 7).

chll- = ' Preli 1073 - VE (6)

Veyt. .. — Ve,
Stin; = CylHtl i ()
sec
Due to the constraints of this study, the intake
valve lift duration is limited to 180 degrees of
crankshaft rotation, with the opening and closing
events coinciding with the beginning and end of intake
stroke. The valve lift profile is generated automatically
by a dedicated software to produce a smooth curve.
Finally, the simulation air speed at port opening S_, is
expressed in Equation 8 (see Fig. 3 for result).
Span, - 1072

Sairi -

. Lvalvei (8)
X Z Lvalve

The CFD calculations are performed using time-
dependent analysis type. The time interval is equal
to that of a full Otto cycle at the engine speed of
maximum output — 10 000 mint. The geometry mesh
is generated by equidistant approach with refined
resolution in the area of concern (see Fig. 4).

Aport
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Figure 4. Mesh of intake runner and inlet chamber geometry.

Simulation parameters: total time — 12 - 102 s,
fluid — air, temperature — 20 °C, humidity — 50%,
surface roughness — 10 um, inlet pressure — 101.325
KPa, outlet - S, (see Table 1, Equation (8), Fig. 3).

Results and Discussion

The results, according to the phenomenon
described in the introduction section, are showing
pressure oscillations that gradually decrease over
time (see Table 3 and Fig. 5). At physical time 31 -
10 s the intake valve is fully closed, forcing the
runner pressure to reach peak value and producing
the said oscillations in the form of a wave. The
greatest deviation between intake runner designs with
respect to pressure wave-length is observed in cases
that differ in overall geometry (A, B and C), rather
than the radius of curvature, if present (C, C, C,,
and C,). The taper angle (Fig. 2 — a), by producing

a shorter pressure wave-length, is exhibiting an
effect that is associated with shortening of the intake
runner centerline length aiding engine breathing at
higher crankshaft speeds (Ceviz & Akin, 2010). The
volume flow rates prove similar across designs A,
C,, C, and C,, and suffer in designs B and C due to
increases in flow resistance. This can be attributed
to the curvature of the geometry and flow friction in
the boundary layer. The slight increase observed in
pressure wave amplitude in designs C,, C,, and C,
approves the findings in the previous research where
it was concluded that multiple reflections of a positive
pressure wave significantly enhance engine breathing
(Hamilton, Cowart, & Rozich, 2009). The additional
positive pressure wave reflection point in runner
designs C,, C,, and C, can be considered as the area in
vicinity of variables r, and r, (see Fig. 2) producing a
change in cross-section of the flow path (Soon, 2014).

Table 3

Flow simulation results

VOlunlle ﬂo_‘iv rate, Max pressure, KPa Min pressure, KPa Total pressure area,
min KPa's
A (OE design) 8743 66.54 -64.46 0.3214
B 8283 64.08 -66.52 0.3336
C 7929 63.97 -65.39 0.3049
C, 8509 68.26 -65.31 0.3221
C, 8604 68.71 -65.24 0.3238
C, 8655 68.80 -65.25 0.3243
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Figure 5. Dynamic flow simulation results — intake runner pressures.
Conclusions minimal volume flow rate loss, indicating the
1. Design B produced the longest pressure wave- possibility to reach slightly higher volumetric

length due to cylindrical geometry (a=0 °) while
maintaining the pressure amplitude similar to
OE design (0.4% lower) but suffering notably
from lack of volume flow rate (-5.3%) whereas
design C, even though similar to C, C, and C,,
suffers from severely reduced volume flow rate
(-9.3%) due to the sharp edges (r, and r,=0 mm) in
geometry, exhibiting a tendency of apparent slight
runner shortening effect.

Designs C,, C, and C, were observed to produce
the highest pressure amplitudes while maintaining

efficiencies. The increase of r, and r, in designs
Cl, C2 and C3 tends to increase the volume flow
rate while resulting in higher pressure amplitudes
where C, proved to be the overall best of C sub-
designs, providing a pressure amplitude of 134.05
KPa (1% higher compared to OE design) but
slightly losing in volume flow rate compared to
OE design (1% lower).

. To fully evaluate if these changes translate to an

increase in volumetric efficiency, it is necessary to
test the engine on a dynamometer.
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Abstract

In order to improve competitiveness in today’s business environment, farmers also have to think about the rapid
technological development in their enterprises. The most important factor that can positively influence the progress
of the agricultural sector is the application of modern, efficient and labor-saving technologies at the various stages of
crop growing and processing. Introduction of robotics in the farming processes emerges as one of the options. Current
state of technologies allows only a few tasks processed by robots to be technologically and economically viably; the
most relevant example is lawn mowing robots. One of the issues that prevents widespread use of robots in agriculture
is that there are still no regulations or standards in the robotic sector for the industry to allow each robot manufacturer
to follow them, such as mountable equipment communication protocols, dimensions of chassis and body, control
systems including sensors and actuators etc. Each robot developer chooses his own approach and interpretation in
robot protocols and modules. This article presents a conceptual design of mobile robot “Formica 01” for various
agricultural applications. A prototype of the proposed design has been developed and in the article various cases of its

usage on strawberry fields have been described.
Key words: agricultural, mobile robot, modular.

Introduction

Food demand in the world is increasingly growing,
especially it is relevant for traditional European-type
food. This demand will require the use of agricultural
land more effectively, mitigating environmental
impacts (National Farmers’ Federation, 2013). Some
of the negative factors are pollution from fossil
fuels and other technical liquids used in engines and
transmission, land compaction created by using heavy
tractor units, problems arising from monoculture
crop growing (land degradation and extensive use of
pest and disease fighting chemicals) (Llewellyn &
Demden, 2010). One of the future perspectives is the
introduction of mobile robots in agriculture, where
groups or even swarms of smaller robots interact
to process, inspect or harvest crops. Agricultural
robots are forced to operate in highly stochastic
environment. Changing environmental conditions,
such as terrain, road surfaces, ambient lighting,
biological objects, which can change color, height,
volume and other parameters, pose challenges for
mobile robot technology (Kim et al., 2011). To enable
robot technology to enter the agricultural sector, it
must be constructively simple, highly reliable, flexible
and, last but not least, inexpensive. Consequently, it
poses a challenge for robot developers to develop
various technical solutions. Mobile robot solutions are
not widely available on the market today. The most
popular and most affordable ones are feeding robots
in barns (Lely Juno 100), lawn mowers (Husqvarna
Automower) (Grossi et al., 2016) and drones for field
imaging in precision agriculture. Scientific articles
discuss numerous mobile robot designs. Well- known
players in the agricultural industry like John Deere,
Bosh, Monsanto have also made large investments
in the development of agricultural robots (Wolfert,

Verdouw, & Bogaardt, 2017). In automation of
greenhouse operations, where the environment is more
predictable, stationary industrial robots in the form of
CNC machines are used. Consumer mobile robots are
still in their development stages (Reddy, 2016). The
aim of the study is to develop conceptual design of
mobile robot “Formica 01” for various agricultural
applications, such as inspection, transport, sprayer,
weed destruction etc. based on selected similar designs
found in literature and compare them.

Materials and Methods

Mechanical design and drive. The mechanical
construction is based on a four-wheel base, divided
into two drive modules each consisting of motors and
gearing for two wheels. The blocks are independent
and manageable separately, see image below in Figure
1. Each driving wheel has one 350 W brushed DC
motor at nominal voltage 24 V. Motors have built-in
spur gear transmission with ratio 1:9.78, which gives
10 Nm torque and 306 rpm revolution speed at motor
axis. Motor axis and wheels are coupled by means
of chain transmission with ration 1:4 resulting in the
total gear ratio of 1:39 and 40 Nm and 76 rpm on the
axis of wheel. Robot wheels are with camera tires and
with diameter of 400 mm, with maximum load 200 kg
on each; maximum speed is 10 km-h?. Self-weight
of the robot is 100 kg, full weight is 300 kg. With
full payload robot can overpass road rise of up to 35
degrees. Each wheel is operated at constant speed. To
enable the robot to maneuver, different speed is set to
wheels on each side. The principle is the same as for
caterpillar tractor.

Space between the drive modules is dedicated to
the frame with power source (battery unit), control
system module and application-specific equipment
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Figure 1. Mechanical construction of “Formica 01”.

(trolley, soil sampler, weed fighting unit etc.). The
drive modules are designed so that they can be easily
detached from the central frame using screws; and
application equipment then can be changed. From
this also comes the strength of the proposed design.
It is possible to adjust easily the track width to make
possible the operation of robot along plant rows with
different sizes.

Power source and electrical system design.
Lead-acid batteries are used as a power source. Two
batteries are connected in series with the total voltage
of 24 V and average energy charge 960 Wh. Using

this battery setup the robot can go on asphalt road
at the maximum speed of approximately 0.5 h. One
of the reasons using lead-acid batteries instead of
lithium-based ones is the possibility to charge and
discharge them at temperatures below —-10 °C, without
significant loss in capacity. Besides battery unit the
frame between drive modules holds the main control
module, which consists of motor driver power stages,
electronic control unit (ECU) for the motor, lighting,
external equipment control and sensor reading, motor
drivers and single board computer Raspberry PI
for high level control (localization, path planning,

Battery unit

Central unit
Vs
24V DC
4 X
\V Control unit 5V bc/be ax
WiFi PWM 4 f( (‘
3.3V Motor driver (. @
SPI Electronic 4

................... control unit I - 4x
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Figure 2. Mechanical construction of the mobile robot.
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Figure 3. Mabile robot control and monitoring interface on PC.

obstacle avoidance, human or GPS path following
etc.), see Figure 2.

Motor speed and direction is controlled by Cytron
30A motor driver board, consisting of discrete power
MOSFETS, gate drivers and logic circuits for direction
change. Rated voltage is 24 V and current — 30 A (up to
80 A for 1 s pulse). One driver board per motor is used.
Cytron 30A has two inputs: PWM signal for speed
control and logical signal for rotating direction change.
The driver boards are controlled directly from ECU.
Feedback signal from each wheel speed is obtained
from NPN-type industrial inductive sensors and tooth
disk. To get better speed, the resolution disk is placed
on the motor axis and has 60 teeth. An inductive
sensor was used instead of possible alternatives, like
optocouplers, to increase the reliability of reading.
Constant rotation speed is controlled using PID
controller. The current of each motor is measured
using ACS712 Hall effect sensor. Its range is £30 A
which is sufficient for the motors used.

ECU has two interfacing options for a higher-level
control system, only one can be used at a time. One
is intended for accepting signals from the standard
remote control (RC) receiver. Thus the conventional
remote control unit for RC models or drones can be
used. Each stick of the RC unit is used for speed and
direction control of the respective (left and right) drive
module. The other interface is SPl which accepts
commands and returns telemetry data form sensors.
Telemetry data includes rotational speed of each
wheel, current of each motor and current and voltage
of batteries.

Raspberry PI microcomputer is used a higher-
level controller. The computer runs on a Linux-based
operating system and has multiple interfaces to
external devices: SPI (used for communication with
robot’s main ECU), Etherntet, WiFi, USB and general

purpose digital 10. The computer has Quad Core
1.2GHz Broadcom BCM2837 64bit CPU, 1 GB RAM
and ROM on detachable microSD card for operating
system.

The computer communicates with external devices
using WiFi interface as an access point. It is done by
TCP socket server software running on Raspberry PlI,
which accepts commands from a client on a remote
computer in real time, decodes and transfers them to
ECU. This way literally all types of user interfaces
can be used, for example, standard Bluetooth game
controller. Needless to say that commands can be sent
also from software on a personal computer now acting
as a remote controller. Screenshot of user application
of telemetry software is shown in Figure 3.

Results and Discussion

A prototype of the proposed mobile agricultural
robot design has been developed. Emphasis in this
design was laid on its easy adaptability for performing
various tasks. One of the tasks, on which it has been
successfully approved, was transporting strawberry
crates on fields. This way human workers do not need
to bring crates themselves and can concentrate on a
more complicated task of harvesting the berries, see
Figure 4.

Another example is transporting of various cargo
using trolley seen in Figure 1. Another task planned,
but not experimentally validated yet, is grass mowing
application for farming needs (e.g. trail cleaning
between strawberry rows or in fruit gardens). For
this task between drive modules a mowing plate with
blades and dedicated motor should be used instead of
a base frame.

Raspberry Pl computer used as the main control
unit for the mobile agricultural robot is a cost effective
way of bringing together or fusing data from various
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Figure 4. Mobile robot on strawberry field.

Table 1

Shows other design concepts in comparison with the created mobile agricultural robot

BoniRob Fig 4.c

Agricultural Mobile AgBot Il Fig 4.b (Fleckenstein
Nr. Parameter Formica 01 Robot Fig 4.a (Bawden et al., Dornhege &’

(Tabile et al., 2011) 2011) Burgard, 2017)
1. | Agriculture Multiple tasks Multiple tasks Inspection, Multiple tasks

wheel

rear wheels for
driving

tasks sprayer, weed
destruction
2. | Steering, Differential steering system | Articulated steering Front arms can be | Each of the arms can
driving with each motor on wheel with each motor on moved separately | be moved separately

with each motor on
wheel

3. | Operational | 10 kmh! - 5kmh! 8 kmh!
speed
4. | Payload mass | 200 kg - 200 kg 150 kg
5. | Vehicle mass | 100 kg - 500 kg 400 kg
6. | Wheel width | 0.4 m 04m 0.3m 04m
7. | Track gauge | Manually changed, depends | Unchanged Unchanged Adaptable, from 750
on central frame dimensions to 2000 mm
a) Agricultural Mobile Robot b) AgBot 11 c) BoniRob

Figure 5. Agricultural mobile robots.
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environmental sensors. An extensive library of a
third party software for interfacing with optical, IR
and event-based cameras, GNSS receivers, LIDARs,
LTE modems and more is readily available. As
Linux OS is used, there is a wide range of software
development options for native and managed or,
scripting environments: GCC compiler, Java, Mono
environment, Python etc.

Conclusions

1. Modular design of mobile agricultural robot has
been developed aiming to increase the number
of tasks that could be accomplished by a single
robotized unit, thus increasing its economic
effectiveness with a changeable central frame to
use in multiple tasks.

2. The robot is tested in a real farm in ZS “Rubeni”
and the user’s conclusion are:

a. A prototype unit of the proposed design has
been developed and its ability to perform simple
transportation tasks has been approved in real
situations: on a raspberry field and general
transportation tasks on small to medium farms.

References

b. The mobile robot platform can also be used
in other areas, such as paving, construction,
removal of trees from the forest, etc.

3. The popular Raspberry Pi platform as a central
control unit allows the use of various interfacing
options to do the sensing, localization image
processing and using other equipment, as well as
readily available algorithms for general mobile
robot control.

4. The proposed agricultural robot design addresses
such drawbacks found in other solutions as: too
heavy weight and, consequently, pressure on
ground, slow movement speed and mechanical
construction, which is hardly adjustable for
multiple applications with a different width of
plant rows.
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Abstract

The aim of the work is to increase the efficiency of cyclone technology by using a separator plate. Cyclone
technology is used not only in the processing of various agricultural products, but also in air purification from dust.
Air flow trajectories and the movement of dust particles inside the cyclone unit were simulated and analyzed using
Computational Fluid Dynamics (CFD) and particle study analyses. The separator plate was designed in certain sizes
and placed inside the cyclone, thus increasing the efficiency of the cyclone. The angle of position of the separator plate
significantly affected the obtained results. The experimental equipment was assembled together to test the simulation
results. Wood ash was used to determine the efficiency of the cyclone. Studies have shown that the effect of the
separator plate on increasing the efficiency of the experimental equipment is less than that shown in the simulations.
Most of the experiments used ash particles that were greater than 20 um, thus cyclone efficiency was 98.9 = 0.05%.
This confirms the compliance of CFD simulations with the physical model. More detailed research should be carried
out in order to use the separator plate effectively for the filtration of very small dust particles.

Key words: cyclone separator, separation efficiency, flow Simulation particle study, computational fluid dynamics.

Introduction

In the production areas, air may contain large
amounts of small solid particles of dust. By using
such air for cooling electrical equipment, the cooling
channels and radiators overlap with the dust layer
and greatly reduce the cooling capacity. There are
cases when dust, fluffs and various matter of different
shapes block the ventilation ducts. High-quality
air preparation is required to increase the cooling
stability of electrical equipment. Various filters are
widely used, but filters have a limited filtering time,
they have to be cleaned regularly, and air filters
greatly increase the air resistance (Medvedkov &
Selimgareev, 2017; Zhang et al., 2017; Feng et al.,
2018). Studies have been made on how to maximize
the effectiveness of dust filtering. One of the more
effective options for separating particles of different
sizes of dust and mechanical impurities is cyclone
technology (Ganegama Bogodage & Leung, 2015).
The study used SolidWorks Flow Simulation tools to
develop an effective cyclone constructive solution.
As a result, an air purification cyclone solution was
obtained, which could be applied not only to the
electrical cooling system, but also used for other
applications, including the processing of agricultural
products. Similar technologies can be used to produce
various dried products, such as milk and egg powder
(Yildirim & Genc, 2017). It is possible that the
cyclone’s efficiency can be increased by stopping the
turbulence of the mid-part of the cyclone because the
sucked particles from the bottom of the cyclone are
continuously raised upwards (see Fig. 1.).

The lack of cyclone air purification equipment
is a reduction in efficiency when sucking small dust
particles. Airflow trajectories show that small particles
of dust are affected by turbulence, so they hit the
bottom of the cyclone and move up the middle of the

cyclone (Balestrin et al., 2017; Ganegama Bogodage
& Leung, 2015; Wasilewski, 2017).

Dust is small, solid particles of mineral or organic
material. Dust particle sizes can range from 0.5 to
100 pum; depending on the size, they can stay in the
air longer or shorter. The dust is divided into visible
dust (with particle sizes above 10 um), microscopic
(0.25 to 10 pm) and ultra-microscopic (below
0.25 um) (Engineering ToolBox, 2005; Particle Size
and Distribution, n.d.). The efficiency of the cyclone
is influenced by various parameters: cyclone shape
and size; particle size and density; air flow velocity;
surface friction; properties of gas; temperature. Vortex
length and flow regimes play an important role on
cyclone performance especially in small cyclones
(Particle Size and Distribution, n.d.; Mariani F., Risi
F., Grimaldi C.N., 2017; Singh et al., 2017; Zhao
& Su, 2018). The aim of the work is to increase the
efficiency of cyclone technology by using a separator
plate.

Materials and Methods

The research was conducted in the Institute of
Energetics of Faculty of Engineering, Latvia University
of Life Sciences and Technologies on March 10, 2018.
A vacuum cleaner was used to run the experimental
equipment. In order to determine the efficiency of the
experimental equipment, wood ash was used instead
of dust. The coal from the ash was separated using a
metal mesh with circular holes 4mm in the diameter.
KERN PNJ 3000-2M Version 1.2 04/2016 scales
were used for weighing. The bucket mass and the
vacuum cleaner filter were weighed first, and 700 g
ash was then placed in the bucket. The ash was sucked
through the entrance of the experimental equipment
in about 60 seconds. After sucking, the bucket mass
was compared with the previously weighed bucket
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Figure 1. Simulation of cyclone type air purification plant (created by the author):
a) — air flow velocity; b) dust particle study.

mass value to make sure that the whole 700 g ash
mass was absorbed. The mass of the vacuum cleaner
filter was then weighed again and the ash mass
was calculated as the difference. Equation 1 was
used to calculate the cyclone efficiency (%) of the
experimental equipment.

Totalashmass — Ashmass € filter
-100 (1)
Totalashmass

Cycloneefficiency =

Five experiments were performed without a
separator plate and five with a separator plate. After
each experiment, the vacuum cleaner filter and
cyclone were thoroughly cleaned of ashes.

To measure the air temperature in the room, the
SAB80SSX electronic thermometer with a stainless
steel probe was used. The room temperature was
18.5 °C.

The digital anemometer DK801695 with velocity
measuring range 0 to 30 m s?, resolution 0.1 m s*
and precision £5% was used to measure the air flow
velocity. An extension with a diameter of 70 mm was
added to the end of the cyclone input to allow the
measured airflow velocity to fall within the measuring

range. Without the separator plate, the air flow
velocity was 5.4 to 5.8 m s, the average value was
5.6 m s. The separator plate slightly increased the
airflow resistance and the measured air flow velocity
decreased from 4.9 to 5.5 m s*. The average value
was 5.3 m s, The calculated air volume flow rate was
~0.02 m® s, Data from the experimental equipment
was used for flow simulations and particle study (see
Table 1).

Equation 2 was used to calculate the mass flow
rate (see Table 1).

Total ash mass = 700 g; Total experiment time = 60 S

Total ash mass
2

Mass flow rate = Total experiment time

Particle size of wood ash used in the experiments
was about 0.2 — 3 um. Particle study simulations were
made with particles of different sizes. The smallest
particle was 0.03 pm but the largest particle 100 um.

Results and Discussion
Simulations were made on various sizes and
locations of the separator plate (see Fig. 2).

Table 1
Flow simulation and particle study parameters
Parameter Value
Inlet pressure, Pa 101325
Outlet volume flow rate, m® s* 0.02
Temperature, °C 20
Mass flow rate (wood ash particles), kg s* 0.01167
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Separator plate

Figure 2. Simulation of cyclone type air purification plant with separator plate.

The simulation results were significantly affected
by the particle size and the angle of the separator plate
positioning around the y-axis. The larger the particle
size, the faster it passes to the bottom of the cyclone.
Smaller particles are harder to move under the
separator plate. If the particle falls below the separator
plate, it no longer moves up through the middle
of cyclone. In order to use the separator plate more
efficiently, its location must be placed according to
the particles of the same size dust. The separator plate
is difficult to use for separating particles of different
sizes because the trajectory of the particle depends on
the size and density.

Experimental results showed that the cyclone
efficiency was 98.9 + 0.05%. with and without the
separator plate. Dry wooden ash was used for dust
particles. The values of the calculated efficiency
may differ more if the equipment is operated for an

100
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94 )
92
90
88 )
86
84 )
82 Se
g0 ®
0 5 10 15

Cyclone efficiency, %

extended period of time with uneven mass flow rate.
Cyclone without separator plate should raise the
particles up from the bottom.

Using the particle study simulation tool, the
cyclone without the separator plate has a curve that
describes the efficiency of the cyclone, depending on
the size of the particle (see Fig. 3).

The simulation results show that the cyclone
with 100% efficiency filters dust particles larger than
20 pm. By filtering smaller particles, the cyclone
efficiency gradually decreases to around 80%.
According to previous studies, particles larger than
120 um were filtered with nearly 100% efficiency
(Barone et al., 2017), particles smaller than 5 pm
were filtered only with 20% efficiency (Balestrin et
al., 2017). Previous studies confirm the assumption
that most of the experiments used ash particles that
were greater than 20 pm, thus cyclone efficiency was

20 25 30 35 40

Particle size, 10® m

Figure 3. The cyclone efficiency depends on the size of the dust particles.
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98.9 + 0.05%. Compared with other studies, cyclone cyclone efficiency gradually decreases to around

efficiency was greatly affected by the use of different 80%.

designs and shapes of the cyclones. To obtain more 2. Mostofthe experiments used ash particles that were

accurate results, ash particles should be divided into greater than 20 pum, thus cyclone efficiency was

fractions by size. 98.9 + 0.05%. This confirms the compliance of

CFD simulations with the physical model.

Conclusions 3. More detailed research should be carried out in

1. The simulation results show that the cyclone order to effectively use the separator plate for the
with 100% efficiency filters dust particles larger filtration of very small dust particles in longer time
than 20 um. By filtering smaller particles, the experiments.
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Abstract

Large amounts of waste and by-products which are suitable for further use are generated in the food production
chain. Globally, one-third of the food produced virtually becomes waste, in total 1.3 billion tonnes per year. The
livestock sector is experiencing new challenges in the food and feed supply chain and waste valorization and there is a
considerable diversity in animal origin food processing systems and broad knowledge base of expertise across Europe.
However, due to local food production peculiarities, there is a considerable discrepancy in the waste management and
processing methodology. An increasing amount of different novel feed and new functional food is available. These
new products require a proper authentication and health and safety verification. Available know-how is increasing
exponentially and therefore the potential for new and old bioactive component production from various currently
poorly used materials is huge. Similarly, our knowledge about threats and food/feed safety is increasing. It is crucial
to keep the balance between these processes. There are also several obstacles in data harmonization (data collection,
used methodologies and reliability) and in data quality (lack of the comparability and completeness). The aim of the

paper is to summarize the challenges in food research related to latest developments in methods.
Key words: animal by-products, food safety, food valorization, functional substances.

Introduction

Food security (or food insecurity) is a major
challenge in the temporary world, as the global
population is expected to exceed 9 billion by 2050
and thus, 60% increase in food production is needed
compared to 2005 data (Augustin et al., 2016;
UN, 2012). One option is to enhance the primary
production, but there is another — the reduction of
waste and/or the increased use of by-products and
the reuse/valorization of waste (FAO, 2011; FAO et
al., 2014). Large amounts of waste and by-products
which are suitable for further use are generated in the
food production chain. Globally, one-third of the food
produced virtually becomes waste, in total 1.3 billion
tonnes per year. The generation of animal waste in the
EU is estimated at million tonnes per year or 180 kg
per capita of which manufacturing sector produces
39%. It consists of organic substances, which contain
fat, protein, carbohydrates and often also important
bioactive compounds. However, their use is still
rather modest and there is no complex approach to
this. The common technology for processing the
by-products is not designed for an optimal use of
protein-rich materials suitable for food and feed
(connective tissue, tendons, bones, rind and blood)
to reduce the deficit of food protein of animal origin.
This is clearly unsustainable, since wasting food has
serious social, environmental and economic impacts.
The re-use and valorization of by-products and waste
reduces environmental pollution and supplies energy
production and industry with additional raw material
and feed/food extra-production. Animal by-products
(ABP) represent a wide group of different materials,
which are ultimately linked to livestock production.
ABP are defined as the entire bodies or parts of bodies

of animals or products of animal origin not intended
for human consumption, including ova, embryos and
sperm. They represent more than 15 million tonnes
of meat, dairy and other products, including manure.
These materials are then disposed or processed and
re-used in many different sectors, including the
cosmetics or pharmaceuticals sectors, as well as being
used for other technical purposes. The production
flow of animal co-products and animal by-products is
complex, including risk differentiation (categories).
This means that about 75 million tons of ABP are
produced per year worldwide, including Ca 15 million
tons of processed animal protein (PAP) and 10 million
tons of fat and tallow. These materials are then used
in bioenergy production and feed, mainly pet food
production. In Europe, the annual pet food production
of over 8 million tons with the annual growth rate
2.0% (average value over 3 years). Another example
is presented by the authorization of non-ruminant
processed animal protein in fish feed in the EU. PAP
is also able to contribute to the nutritional needs for
calcium, phosphorous and vitamin B12 and therefore
is a high-value resource of nutrients which is as safe
as any other protein and cannot be regarded as a waste
product by any means.

Developments, Challenges and Opportunities

An increase in production efficiency also means a
decrease in waste generation. As the amount of waste
is decreasing, it may also have a positive impact on
environmental pressure, especially because arable land
availability is decreasing (Shafiee-Jood & Cai, 2016).
There are three mainstreams to reach higher efficiency:

e to reuse by-products and waste for novel food

production,
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e to produce feed (including pet food),

e to use them for technical (energy or fertilizers)

purposes.

These three mainstreams are listed in order of
relevance by actual political consensus in Europe.
Technological processes are of primary importance to
increase efficacy and there are new potential drivers
in the process monitoring that will help us deal with
challenges, mainly related to process monitoring
and product safety. However, all these mainstreams
do have potential difficulties in implementation and
also potential threats. Numerous methods have been
established to extract valuable bioactive compounds
from food wastes; however, no single method can
be regarded as a standard approach for extracting
bioactive compounds because extraction methods are
greatly affected by the food matrix and the bioactive
compound to be extracted. To date, most of the
extraction methods are based on solvent extraction,
which impacts cost, safety, health and the environment.
Adjusting the pH to high/low pH values for hydrolysis
reactions are some common alternatives. The
employment of enzymes in bioactive extractions is
an alternative approach that can hold a lot of promise
and could also minimise the drawbacks of pH assisted
hydrolysis and solvent extraction methodologies.
In addition to being effective at significantly small
concentrations, enzymes are highly specific, versatile
and relatively cheaper than organic solvents. On the
other hand, the substitution of traditional solvent
extraction processes for green processes based on
the use of green solvents and intensified processes
(such as microwave, ultrasound, and pressurized
technologies) provides many advantages for the
products obtained and the environment. Further, there
is a strong need to establish sustainable approaches for
the valorization of unutilized or low-value components
from animal wastes into high-value bioproducts or
components. For example, dairy by-products are the
biggest group of undervalued materials of animal
origin. Worldwide whey production is estimated
at around 180 to 190x10° tons/year and only 50%
of this is processed (in Europe more than 95%).
Approximately 50% of worldwide cheese-whey
production is treated and transformed into various
foods and feed products. However, cheese-whey
is not the only dairy product that merits further
investigations. Buttermilk as a by-product of
butter making is presently under-utilised through
processing into a relatively low-value commodity
buttermilk powder. Nevertheless, recent findings have
demonstrated that the milk fat globule membrane
(MFGM) residue contained within buttermilk
possesses biological activity and offers potential for
greater commercial exploitation and added value in a
safe way (Thompson, 2005).

Main challenges are related to product chemical
and microbiological safety — especially if the
valorization product presents ingredient for food or
feed. Food/feed safety in global may create evidence-
based concerns, but sometimes it may result from
huge amount of data from different science fields,
what may create doubts and questions. For example,
in the study of IGF-1 as a mediator of growth hormone
action in somatotropic axis in birds, polyunsaturated
fatty acid (PUFA) feeding trials in quail was
performed. First findings showed that both IGF-1 and
muscle IGF-1 mRNA levels increased in early age.
Statistical analyses and further experiments showed
that ©-3-PUFA additives in feed will downregulate
IGF-1 gene-expression in leukocytes of female birds
during finishing dietary period (days from 21 till 42)
(Karus et al., 2007). Therefore, it might raise concerns
about safety or at least about beneficial effect of food
»-3-PUFA additives. However, no clear correlation
between the growth of the birds and hepatic IGF-
1 mRNA expression and plasma IGF-1 levels was
found. Insulin-like growth factor-1 did act there in
paracrine manner. This study shows importance of an
appropriate methodological study design, as in this
study there was a clear advantage to measuring native
free protein since the distribution of birds by mRNA
level is significantly asymmetric, while native IGF-
1 protein content is still close to normal distribution
(Karus et al., 2012). Inappropriate study design has
had a major destructive effect in public awareness in
the past (namely about GMOQ); therefore, all research
results need to be carefully evaluated before making
a decision.

Livestock sector is experiencing new challenges in
the feed supply chain and waste valorization: increasing
amount of different, novel feed and new functional
food is now available. These products require a proper
authentication and health and safety verification.
Clearly, methods and protocols are required to
characterise the ingredients of animal derivation as
well to assess their effects on cell processes and gene
expression in livestock animals. Furthermore, new by-
products may contain several types of contaminants
and degradation products that may affect their potential
re-use and valorization. In this connection the reduction
and control of feed contaminants, such as toxins and
residues, need to be addressed. This statement is also
valid for other harmful biological agents (particularly
pathogenic bacteria) and xenobiotics, including their
possible carry-over from feed to food in the case
of valorization of the ABP and waste processing
and potential use. An important topic is also the
development and validation of efficient analytical tools
for the avoidance of health risks related to the presence
of toxic contaminants or pathogenic agents’ carry-over,
cross-contamination etc.
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New opportunities in safety evaluation are
provided by new analytical developments. NGS (Next
Generation Sequencing) is decreasing the prices and
time for sequencing and new algorithms allowed to
analyse gut microbiota in hours, so we can expect
to have it available also for food safety analyses in
the near future. Nanosensors (‘artificial nose’) are
capable of detecting metabolites of bacteria from air
near skin or breath (Leja et al., 2016) — thus it opens
the possibility to use similar technologies in food
production facilities to prevent and detect food and
feed contamination.

Due to unprecedented sensitivity, these methods
have potential to create also enormous noisy data that
may affect also the food safety. Spisak et al. (2013)
published NGS study results reporting about big DNA
fragments ability to pass from food to blood. This
created a great public interest, but later it did not find
confirmation, but a potential problem was supposed to
be a widespread contamination (Lusk, 2014). Another
comparative study in cross-contamination showed
the scope of the problem. Approximately 80 percent
of RNA samples collected from 180 different species
as part of an evolutionary study became tainted with
RNA sequences from other species, and most of this
contamination occurred when the samples were sent
to companies for sequencing (Ballenghien et al.,
2017). They found that of 446 RNA samples sent
for sequencing (representing 116 distinct species),
353 exhibited cross-species contamination and
205 of these samples were contaminated by at least
two different species. However, similarly to array-
based tests, the qPCR is still not only valuable and
affordable tool for validation of NGS and SMS
(single molecule sequencing) data but can offer fast
and simple tools for food safety control, especially if
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multiplexing is used (Cremonesi et al., 2014; Karus
et al., 2017; Villamizar-Rodriguez et al., 2015). Thus,
the modern methods can promote and assure better
microbiological food safety, but they can also create
an unnecessary public fear.

Next challenge is the quality of collected data -
data collection lacks an internationally harmonized
approach as a limit to cooperation as well as it is an
obstacle to improvements in risk assessment analysis
(Nuttall et al., 2014). The only way to overcome this
is to harmonize research and control methodology.
Another side of this problem is the comparability of
data and especially scientific data. It has also been
called a publication bias: only statistically significant
differences, changes, regressions, etc. are published,
but non-significant results will not be published.
Unfortunately, even when the scientists are willing
to publish these data, it turns out to be impossible
because of its low attractiveness and low potential for
citation.

Conclusions

Valorization of food by-products and functional
food development is a must by all means: food
security, environmental sustainability, limits of energy
resources etc. Know-how is increasing exponentially
and therefore the potential for new and old bioactive
component production from various currently poorly
used materials is huge. Similarly, our knowledge about
threats and food/feed safety is increasing. Therefore,
the balance between these processes is crucial. Speed
should be considered versus risk. Despite available
latest technologies the methodology, transparency of
data and critical use of obtained data remains crucial
in evidence based decision-making process.
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Abstract

The aim of the study was to assess the ability of pathogens metabolic repair from injury within 10 days of refrigerated
storage of milk after high pressure treatment. Two pathogenic strains — Listeria monocytogenes ATCC 7644 (LM) and
Escherichia coli ATCC 25922 (EC) were inoculated in ultrahigh-temperature treated (UHT) milk at concentration
of about 10" CFU mLand treated at 400, 500, 550, and 600 MPa for 15 min with inlet temperatures 20 °C, and then
stored at 4 + 2 °C to evaluate survival and growth of pathogens. By increasing the applied pressure, an increased
rate of the pathogens’ inactivation was achieved. After 10 days of storage, milk treated at 400 MPa showed growth
over 3.5 log CFU mL* of L. monocytogenes and 1.7 log CFU mL of E. coli. In 550 MPa and 600 MPa treated milk
samples after 8 and 10 days of storage colony formation occurred (3 CFU mL™ (550 LM) and 2 CFU mL* (550 EC,
600 LM and 600 EC)). Although high pressure treatment is effective method for reducing of pathogenic bacteria, the

metabolic repair from injury of bacterial cells in milk during storage should be considered.
Key words: high pressure, Listeria monocytogenes, Escherichia coli, metabolic repair, storage.

Introduction

A major function of the high pressure processing
(HPP) of food is the inactivation of microorganisms
(Mandal & Kant, 2017). Several researchers have
investigated the efficacy of high pressure to inactivate
the important foodborne pathogens such as Listeria
monocytogenes (Possas et al., 2017), Cronobacter
sakazakii (Jiao et al., 2016), psychrotrophic Bacillus
cereus spores in reconstituted milk (Evelyn & Silva,
2015), Listeria innocua in skimmed milk (Pinho et al.,
2015), stationary-phase cultures of Escherichia coli
E218/02 and Escherichia coli C-600 (Prieto-Calvo et

al., 2014).
High pressure processing could induce a number
of changes: biochemical reactions, and genetic

mechanisms, and to cell membrane and the wall of
microorganisms (De Lamo-Castellvi et al., 2005)
injured or inactivated bacteria. When high pressure
damages the cell membrane, the absorption of nutrients
is affected, elimination of the waste accumulated
inside the cell is hindered, and normal metabolic
pathway is disrupted (Torres & Velazquez, 2008). In
addition, microorganisms are more likely to be stressed
or injured than Killed under the HPP of alternative
preservation technologies (Huang et al., 2014).

Some researchers have demonstrated the metabolic
repair of injured cells during storage of pressure—
treated products (Bozoglu, Alpas, & Kaletung, 2004;
De Lamo-Castellvi et al., 2005; Syed et al., 2013).
Microorganisms metabolic repair from injury during
storage is a critical issue from the viewpoint of food
safety. This phenomenon depends on a treated product
(pH, water activity, nutrients), microorganisms
variation and growth stage, treatment regime and
storage conditions.

Our previous studies showed inactivation of
Escherichia coli and Listeria monocytogenes strains

at a pressure of 550 MPa (15 min) or above at different
inoculation rates of 10*and 10" CFU mL™! (Liepa et
al., 2018b, in press), but for better understanding
how pressure can influence the ability of pathogens
to metabolic repair from injury during storage, the
survival and growth of target microorganisms in
ultrahigh-temperature treated milk were evaluated
within 10 days of refrigerated storage.

Materials and Methods
Cultures and media

The cultures of Escherichia coli ATCC 25922 and
Listeria monocytogenes ATCC 7644 were obtained
from the ATCC (American Type Culture Collection)
of MicroBioLogics, Inc (Minessota, USA). Prior
to the experiments, bacteria’s were reactivated in
TSA (Tryptic Soy Agar; Biolife Italiana, Italy) at
37 °C for 24 h to follow the standard method LVS
EN ISO 11133:2014 ‘Microbiology of food, animal
feed and water — Preparation, production, storage and
performance testing of culture media’. A volume of 1
pL of bacteria culture was cultivated in non-selective
tryptic soy broth (TSB; Biolife Italiana, Italy) at 37 °C
for 18 — 24 h.

Inoculation of milk samples for high pressure (HP)
treatment

UHT milk of 2% fat content (Mlekpol, Poland)
was obtained from a local supermarket, and was
used in this study to evaluate survival and growth of
pathogens during storage without the presence of other
microorganisms, thus avoiding the interactions among
various microflora. After incubation, the cultures were
separately added to milk at concentration of about 107
CFU mL™. For obtaining uniform samples, milk was
mixed for 2 min and filled (120 + 10 mL) in sterile
polyethylene terephthalate (PET) plastic bottles
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(NF2-/A28 mm), avoiding any head space. Samples
were vacuum sealed in polyethylene pouches (70x200
mm sized, with 65 pum thickness) using a chamber
type vacuum packaging machine Multivac C350
(MULTIVAC Sepp Haggenmiiller SE & Co. KG,
Germany) before being pressurized (Liepa, Zagorska,
& Galoburda, 2017).

High pressure treatment

During the current research each milk sample was
inoculated with a single pathogen strain and exposed
to 400, 500, 550 and 600 MPa for 15 min (Table 1).
Milk samples were pressurized in the Iso-Lab High
Pressure Pilot Food Processor S-FL-100-250-09-W
(STANSTED fluid power LTD, UK) with a pressure
chamber of about 2 litres. Pressure transmitting liquid
was a mixture of water and isopropanol (2 : 1, v/v). The
pressurization was completed at room temperature.
Product temperature increased during pressurization
up to 30 °C and dropped during pressure release to
about 17 °C. Pressurising rate was 600 MPa min-,
depressurising rate — 3000 MPa mint. The treatment
time did not include the compression (about 1.5 min
for 600 MPa) and decompression (less than 0.5 min).
After pressurization, the two outer polyethylene
pouches were removed. Pressurized milk was stored
at 4 + 2 °C over a period of 10 days, which was
indicated by our previous studies, when the current
treatment regimes showed maximal storage time — 10
days (Liepaetal., 2018a, in press). Milk samples were
analyzed immediately after pressurization and on 1, 4,
6, 8 and 10 day of storage. Totally, 288 milk samples
were analysed.

Microbiological analysis

Milk samples were serially decimal diluted with
Maximum Recovery Diluent (Oxoid, England)
according to the standard LVS EN ISO 6887-5:2011
‘Microbiology of food and animal feeding stuffs -

Preparation of test samples, initial suspension and
decimal dilutions for microbiological examination —
Part 5: Specific rules for the preparation of milk and
milk products’ (ISO 6887-5:2010) and appropriate
dilutions were plated on agar medium.

The method for enumeration of Listeria
monocytogenes ATCC 7644 was on ALOA
(Agar Listeria acc. to Ottaviani & Agosti) agar
(Biolife Italiana, Italy) with aerobic incubation
(24 £ 3 h, 37 °C) (LVS EN ISO 11290-2+A1:2007
’Microbiology of food and animal feeding stuffs —
Horizontal method for the detection and enumeration
of Listeria monocytogenes — Part 2. Enumeration
method’, LVS EN ISO 11290-1 + A1:2007
’Microbiology of food and animal feeding stuffs —
Horizontal method for the detection and enumeration
of Listeria monocytogenes — Part 1: Detection
method”).

Escherichia coli ATCC 25922 was enumerated in
depth seeding in TBX (Tryptone Bile X-Glucuronide)
medium (Biolife Italiana, Italy) and the characteristic
colonies were subsequently counted in a chromogenic
selective medium after incubation at 44 °C for 18 —
24 h according to LVS ISO 16649-2:2007
‘Microbiology of food and animal feeding stuffs -
Horizontal method for the enumeration of
betaglucuronidase-positive  Escherichia coli -
Part 2: Colony-count technique at 44 °C using 5-
bromo4-chloro-3-indolyl-beta—D-glucoronide’.
For the detection and enumeration of presumptive
Escherichia coli by means of the liquid-medium
culture technique and calculation of the most probable
number after incubation at 37 °C, then at 44 °C LVS
ISO 7251:2006 ‘Microbiology of food and animal
feeding stuffs — Horizontal method for the detection
and enumeration of presumptive Escherichia coli -
Most probable number technique’ was used.

The number of surviving cells of pathogen bacteria
was determined by plate counting method. Total plate

Table 1
Inoculants and treatment parameters for the experimental samples
Sample abbreviation Escherichia coli Listeria monocytogenes Treatment applied to milk

400 EC + -

400 MPa, 15 min
400 LM _ +
500 EC + -

500 MPa, 15 min
500 LM - +
550 EC + - _

550 MPa, 15 min
550 LM i +
600 EC + - )

600 MPa, 15 min
600 LM - +
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count was investigated according to the standard
method LVS EN 1SO 4833:2013 ‘Microbiology of
food and animal feeding stuffs — Horizontal method
for the enumeration of microorganisms — Colony-
count technique at 30 degrees C’. Counting of colonies
was accomplished by automatic colony counter
Acolyte (Synbiosis UK, Cambridge, UK). Colony
forming units from replicate plates were counted and
the number of CFU mL-! were averaged and converted
into logarithmic units.

Data analysis

The obtained data were processed using Microsoft
Excel (Microsoft Office Enterprise 2007, License:
Shareware N/A); differences among results were
considered significant if p—value < 0.05. For the
interpretation of the results it was assumed that a=0.05
with 95% confidence.

Results and Discussion

From the food safety aspect during treatment
(thermal or pressure) it is very important to decrease
total and completely inactivated pathogen bacteria in
the product, as well as eleminate metabolic repair from
injury of microorganisms during storage. After HPP
bacterial cells can present at 3 possible states: active
cells (colonies are formed on both non-selective and
selective agar); primary injury (structural damages
like cell wall and/or cytoplasmic membrane injury;
colonies are formed on non-selective agar but not
on selective agar); and secondary injury (metabolic
injuries; no colonies are formed in either non-selective
and selective agar, however, colonies might form
metabolic repair injury after a long period of storage
first on non-selective agar and later on selective agar)
(Bozoglu, Alpas, & Kaletung, 2004).

4 -

Log CFU mL!

Behaviour of Listeria monocytogenes ATCC 7644
after high pressure treatment

Although there was no significant difference
(p>0.05) between all LM milk samples, a few
viable cells were still observed after 400 MPa and
500 MPa treatments. The number of cells was
2 CFU mL? (Figure 1) for 400 LM and 500 LM
samples. Treatment at 550 MPa or above proved to
be effective for inactivation of target Gram—positive
bacteria strain. Even 550 LM and 600 LM samples
showed 7 log reduction in the number of surviving
cells for L. monocytogenes.

These results are in agreement with the findings
of Bozoglu and co-authors (2004). In this study after
pressure treatment at 550 MPa, L. monocytogenes
CA was not observed in selective or non-selective
agar. Buzrul et al. (2008) noted that, 20 min of
pressurization was necessary to achieve more than
8 log reduction at 600 MPa for L. innocua ATCC
33090 in whole milk. L. monocytogenes ATCC
19115 in human milk was inactivated by 8 log after
4 min of pressure treatment at 400 MPa (Viazis,
Farkas, & Jaykus, 2008). Previous studies about HPP
influence on microorganisms showed that the pressure
susceptibility of L. monocytogenes varies between
different strains. For example, Tay et al. (2003)
compared the sensitivity of L. innocua and 9 strains
of L. monocytogenes in tryptose broth, and reported
that L. monocytogenes OSY-8578 and Scott A were
the most resistant and labile to pressures, and their
death inactivation kinetics were evaluated at pressures
varying from 350 to 800 MPa during 1 — 20 min at
30 °C.

As it was mentioned earlier, microorganisms
ability to metabolic repair from injury during storage
after pressure treatment is extremely important

0 1 4

6

(e0]

10

Storage time (days)

=4—400 MPa

500 MPa ==#e=550 MPa ==¢=600 MPa

Figure 1. The growth curves of Listeria monocytogenes in UHT milk after HP treatment during storage.
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for the product safety. In our study, significant
microorganism growth started after 4 days of storage
in 400 LM sample, the number of bacteria increased
by 1.64 log CFU mL™* (p<0.05) (from 0.3t0 1.94). The
increase of microorganism counts strongly correlated
to storage time, as a result, the growth over 3.5 log
units after approximately 10 days of storage at 4 °C
was observed.

Simmilar results were observed by Mussa &
Ramaswamy (1997), in pressure treated (at 350
MPa) raw milk an increase of 4 log CFU mL™* of L.
monocytogenes after 12, 18 and 25 days of storage
at 10, 5 and 0 °C, respectively. Recommended
refrigerated storage (4 + 2 °C) after pressurization to
inhibit the rapid recovery of microorganisms was used
in the current research.

In 500 LM sample the increase by more than 1.5
log CFU mL-! was detected after 6 days of storage, and
reached the level of 2.83 log CFU mL™* after 10 days
of storage. Pressure treatment at 550 MPa and
600 MPa for 15 min had more destructive effect on
bacteria. In 550 LM and 600 LM milk samples initially
colony formation was not observed, suggesting that
all cells were inactivated. However, after 8 days of
storage colony formation occurred in 550 LM milk
samples — 0.3 log CFU mL. After 10 days of storage,
the number of cells was 3 CFU mLin 550 LM sample
and 2 CFU mL* in 600 ML sample, respectively.
It can be explained with increases the expression
of genes related to the repair mechanisms of DNA,
protein complexes of transcription and translation,
the septal ring, the system of general translocase
system, flagella assemblage and chemotaxis, and lipid
and peptidoglycan biosynthetic pathways (Bowman,
Bittencourt, & Ross, 2008).

=
1

Log CFU mL!

Similar results, even raising treatment temperature,
were found in studies carried out by Bozoglu, Alpas,
& Kaletung (2004). After pressure treatment at 550
MPa at 45 °C for 10 min of UHT 1% low fat milk, at
4 °C after 6 days colony formation of L. monocytogenes
CA occurred in selective and non-selective agar.
Koseki, Mizuno, & Yamamoto (2008) reported that
the number of L. monocytogenes cells in milk treated
at 550 MPa for 5 min increased by > 8 log CFU mL™*!
regardless of the inoculum levels (3, 5, and 7 log
CFU mL?) after 28 days of storage at 4 °C. The
authors proposed a technique to inhibit the bacterial
metabolic repair from injury during storage after HP
processing (550 MPa for 5 min) using a mild-heat
treatment (30 — 50 °C), thereby to enhance the safety
of HP treated milk.

Behaviour of Escherichia coli ATCC 25922 after high
pressure treatment

Immediately after pressure treatment, at 400 MPa,
E. coli strains was reduced significantly (p<0.05) by
6.7 log cycles (Figure 2). At other pressure regimes
(500, 550, and 600 MPa) the counts of target Gram—
negative bacteria decreased by about 7 log cycles, so
it seems that immediately after pressurization no cells
that were able to form colonies on selective agar were
found in 1 mL of milk (< 1 CFU mL?). Comparing
pressure regimes, there were no statistically significant
differences (p>0.05) in the number of surviving cells
after inactivation of E. coli.

The level of inactivation achieved was comparable
to other studies. In comparison, Viazis et al. (2008)
observed, that same bacteria strain was inactivated
by 8 log at 400 MPa at ambient temperature after 10
min in peptone solution and by 2 log and 6 log after

0 1 4
Storage time (days)

=4—400 MPa

500 MPa

6 8 10

=#=550 MPa  ==¢=600 MPa

Figure 2. The growth curves of Escherichia coli in UHT milk after HP treatment during storage.
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10 and 30 min in human milk, respectively. Large
strain variations in pressure resistance for target
pathogen have been reported by other authors. Two
enterohemorrhagic Escherichia coli strains, no. 94
and 402 (serotype O157:H7), and a saprophytic E. coli
1 strain were pressure treated in skim milk at 400 MPa
for 20 min at 20 °C and were reduced by 1.5, 2.7, and
2.1 log, respectively (Usajewicz & Nalepa, 2006).

According to our results the number of E. coli
ATCC 25922 cells increased by 1.7 log CFU mL? in
400 EC sample during storage at 4 °C and reached the
level of 2.0 log CFU mL*on the 10 day of storage.
In the case of 500 EC sample, an increase of bacteria
was significant (p<0.05). First, pathogen metabolic
repair signs were observed after 4 days of storage, the
amount of target microorganism increased by 0.3 log
CFU mL™. Then, after 6 days level of bacteria was
the same, and the next rise (by-0.48 log CFU mL?)
was noticed after 8 days of storage. The same count of
bacteria after 10 days of storage can be mentioned as
a positive tendency.

Similarly, to L. monocytogenes, in 550 EC and
600 EC milk samples metabolic repair from injury of
bacteria was observed later. After 8 days of storage an
increase by 0.3 log CFU mL™* was noticed in 550 EC
sample. Better results were obtained in the case with
the highest pressure used in the current research, colony
formation occurred only after 10 days of storage. After
10 days of storage, the number of cells was 2 CFU
mL? in both samples — 550 EC and 600 EC.

In comparision, Yamamoto et al. (2017) reported,
that the HP treated (at 500, 550, and 600 MPa) and
injured Escherichia coli ATCC 25922 recovered
close to 108 CFU mL* when the cell suspensions
(in phosphate-buffered saline with inoculation rate
8 log CFU mL1) were stored at 4 °C for 5 days and
thereafter moved to an environment at 25 °C. Syed
et al. (2013) investigated the effect of compression
and decompression rates of high hydrostatic pressure
(600 MPa for 3 min) on Escherichia coli O157:H7.
The authors observed, that after 15 days at 4 °C,
E. coli cells in skimmed milk recovered significantly
by 1.93 log CFU mL™. The microbial recovery trend
in skimmed milk can be justified by favorable pH
conditions for E. coli cells where they were able to

References

reapir the minor cellular injuries and pressure shock
effects (Syed et al., 2013).

In our study, the large number of bacteria cells of
L. monocytogenes after 10 days of storage indicated
that Gram—positive bacteria metabolic repair is more
pressure resistant than Gram-negative bacteria —
E. coli ATCC 25922. The obtained results are in
an agreement with the conclusions of Vachon and
co—authors, that L. monocytogenes LSD 105-1 was
found to be less sensitive to high pressure than E. coli
0157:H7. The resistance of L. monocytogenes to
pressurization can be explained by its wall structure,
which is made up of a large number of peptidoglycan
layers (Vachon et al., 2002).

Although high pressure treatment reduces
pathogen strain levels, the metabolic repair of injured
cells was established during storage in milk, speed
of this process differs both for pressure regimes
and for microorganism strains. Further research
is needed to establish recommended processing
regimes (temperature, pressure, time) that results in
a reliable inactivation and unrecovery of pathogens
in milk. These parameters help effectively control
microorganism safety risks in products.

Conclusions

During subsequent storage of high pressure treated
milk at 4 + 2 °C, metabolic repair of pathogen cells
from injury was significantly different (p<0.05) among
pressures used in the research. Lower ability to repair
was detected in milk samples 600 EC and 600 LM,
after 10 days of storage 2 CFU mL?* of Escherichia
coli ATCC 25922 and Listeria monocytogenes ATCC
7644 was detected in analysed samples.

Comparing analysed bacteria, a significant
resistance (p<0.05) to HPP demonstrated Listeria
monocytogenes ATCC 7644, although its ability to
metabolic repair still was noticed after 10 days of
storage.
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Abstract

The high toxicity, bioaccumulative and increased distribution of cadmium (Cd) in the environment, makes it the
most dangerous to any biological system, including immune system in human and animals. The effect of dietary
intake of Cd (8.25 mg per kg) on accumulation and distribution of this heavy metal in various tissues, and functional
changes in organs of immunity (thymus, bursa of Fabricius, spleen) in 35-day-old broiler cockerels were investigated,
using biochemical and immunological methods. Significant increases in the Cd concentration both in central
immunocompetent organs (thymus, bursa of Fabricius) and peripheral (spleen) were established. Excessive tissue
level of Cd induced the prooxidative effect of this heavy metal in the organs. It was manifested in an increase of cell
membrane lipid peroxidation (the enhanced malondialdehyde (MDA) concentration) in immune system organs. The
oxidative stress resulted in immunocompetent cell damage. The fall of vital dye absorptive ability of immunocyte
indicated the increase in the injured cell number. This harmful effect is in accordance with T- and B (C3) — population
prominent depletion, organ relative mass reduction, and growth retardation in chicks, and was established as a result

of dietary Cd loading for 5 weeks of the experiment.

Key words: cadmium, harmful action, immune organs, chickens.

Introduction

It is generally accepted that environmental sources
of cadmium (Cd) are increasing during the last century.
As it is known, Cd concentrations in soil and crops
increase by about 0.2% per year (Jarup et al., 1998;
Jarup & Akesson, 2009; Moulis & Thévenod, 2010;
Kah, Levy, & Brown, 2012). Due to this persistence
and bioaccumulativity Cd can easily enter in the food
chain and play a role of a risk factor for some diseases.
Excessive accumulation of Cd in humans and animals
is associated with various unfavourable effects in
organism. Cd is accumulated mainly in the kidney and
liver, and impairs the physiological functions of these
organs (Ferraro et al., 2010; Galazyn-Sidorczuk et al.,
2012; Wallin et al., 2014). Cd is known to cause also
immunological disturbances in human and animals
(Bokori & Fekete, 1995; El-Boshy et al., 2015; Wang
et al., 2017; Zhang et al., 2017). A toxic effect of Cd
occurs mainly in a production of reactive oxygen
species, which can cause damage to cellular membrane
lipids (Brzoska & Rogalska, 2013; Nair et al., 2013).
In scientific studies (Erdogan et al., 2005), and our
previous investigations the harmful accumulation
of lipid product, malondialdehyde (MDA), in liver
and kidney tissues of chickens exposed by Cd was
established (Berzina et al., 2002; Berzina et al., 2007).
Therefore, it is interesting to consider a problem,
how the Cd retention in immunocompetent organs is
reflected on the immune system responses in birds.

Abirdisconsideredtobeagoodexperimental model
because of its accelerated metabolism in comparison
of mammals. The main important feature of the birds
immune system is the presence of two central lymphoid
organs — thymus and bursa of Fabricius — which,
excepting bone marrow, are believed to be the primary
sites of lymphocyte development. The important

peripheral immunocompetent organ is spleen. Its
principal functions are phagocytosis and breakdown
of effete erythrocytes by macrophages, lymphopoesis
and antibody production (Davison, 2013; Olah,
Nagu, & Vervelde, 2013). Lymphoid organs form
both adaptive and innate immune responses, and
provide to organisms their resistance mechanisms and
homeostasis maintenance. There were two primary
aims of the present study: (1) to determine a content
of Cd in organs of immunity and target organs of this
metal in chickens after Cd exposure; (2) to evaluate the
effect of Cd accumulation in tissues on the functional
changes in immune system organs.

Materials and Methods

All experimental procedures were approved by the
Animal Ethics Committee of the Food and Veterinary
Service (Riga, Latvia, authorisation reference
number 13, December 22, 2008).

One day-old cockerels (Hybro G broiler breeder)
from Kekava Poultry farm were used for the
laboratory investigations. Chickens were housed in a
cage and divided into two groups of 20 heads each.
The birds of the 1% group (control) fed a standard
wheat-barley based diet balanced in all nutrients and
contained 0.75 mg Cd per kg. Cd (7.5 mg per kg as
CdCl, solution) supplemented the diet of the 2
group from the first day. Summary Cd loading in this
group of chickens was 8.25 mg per kg of diet. This
dietary dose of Cd can be considered a subtoxic one
for broilers. The toxic Cd level for broiler chickens,
as described by National Research Council (1994) is
recognized 25 mg Cd per kg of diet. The duration of
the experiment was 35 days. Seven days before the
end of the experiment immunization of chickens by
intraperitoneal injection of sheep erythrocytes (10%
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suspension) was performed to assess the effect of Cd
on immune response. At the end of the experiment, the
35-day-old chickens were weighted and decapitated.
The inner organs, including organs of immune system,
liver, kidneys, spleen, thymus and bursa of Fabricius
were dissected, weighted and tissue samples were
used for analyses. Cadmium determination of the
tissue samples was performed after dry ashing in
atomic absorption spectrophotometer Perkin-Elmer
(model AAnalyst 700), according to the procedures of
the AOAC (1999). Lipid peroxidation in tissues was
determined by thiobarbituric acid reaction as MDA by
method of Ohkawa (Ohkawa, Ohishi, & Yagi, 1979)
in modification of Surai (Surai, Noble, & Speake,
1996). The parameters of immune functioning
immunocompetent organs were investigated using
partly the complex of methods presented by Vasiljeva
(BacunneBa) (Bacuibera, bepsuns, & Pemes, 2001).
The immunocyte response in lymphoid organs to T-
and B-cell markers (sheep erythrocytes for T-cells and
zymozan-C3 complexes for B(C3)-cells) was estimated
by the rosette formation reaction. To appreciate Cd
action on the functioning of immunocompetent cells
of chicken bursa of Fabricius, a vital dye (Evans blue)
index of bursocyte was determined using a method
devised by authors. This index indicates the relative
amount of uninjured cells and allows evaluating the
cytotoxic effect of Cd.

All statistics were performed using the SPSS.
Results are expressed as means + SE in individual
groups and were tested by using the independent
Students t-test. Statistical significance was set at
P<0.05 for all statistical analyses.

Results and Discussion

A high bioaccumulative capacity and long
biological half-life of Cd are well established.
Especially large amounts of it accumulate in human
and animal kidneys and liver (Brzoska, Borowska, &
Tomczyk, 2016). The data of Table 1 show a dramatic
accumulation of Cd in inner organs of chickens after
Cd dietary loading.

Thereafter, the exceptionally large amounts of
Cd were detected in chicken kidneys and liver. The
intensive increase of Cd content was also observed
in investigated organs of immune system of Cd-
treated chickens. The highest retention of Cd, 13.2
times more than in control (P<0.001), was found
in bursa of Fabricius, unique only to birds central
immunocompetent organ that plays the main role
in humoral antibody production. The other central
organ of immunity, thymus, that is responsible for the
lymphocyte system, important in cellular immunity,
accumulated Cd in a lesser degree than bursa. This
index here was only 3.4 times higher in comparison
with the control group (P<0.001). A tissue peripheral
lymphoid organ, spleen, that provides processes of
phagocytosis, lymphopoiesis and antibody production,
also rather actively includes Cd, 8.2 times higher than
control (P<0.001). An increased tissue concentration
of Cd in chicks results in different adverse effects,
including tissue damage. Histopathological changes
in 11 inner organs were established by Bokori et
al. (1995) in studies on broiler chickens treated by
different doses of Cd (2.5 — 600 ppm per day). The
administration of even small amounts of Cd caused
tissue damage, including tubulnephrosis in kidney

Table 1
Cadmium content in several chicken tissues depending on cadmium exposure
Cadmium, pg glwet wt
Group
Liver Kidney Spleen Thymus Bursa of Fabricius
Control 0.42 £0.02 0.50 £0.03 0.63 £ 0.06 0.40 £ 0.07 0.60 £ 0.16
+Cd 34.40 £ 2.10* 52.40 £ 0.92* 5.15 £ 0.92* 1.35+0.21* 7.90 +1.27*
* Statistically different from the control group (P<0.001).

Table 2

Concentration of malondialdehyde in tissue of liver, kidney and immunocompetent organs of chickens

exposed to cadmium

Malondialdehyde, uM g wet wt
Group
Liver Kidney Spleen Thymus Bursa of Fabricius
Control 19.3+0.1 18.9+0.1 252+22 6.8+0.4 56+13
+Cd 25.0+£0.7* 33.0+0.1* 275+£21 8.8+0.7* 88+04

* Statistically different from the control group (P<0.05).
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Table 3

Changes in immunological indices induced by Cd in chicken organs of immunity
Index Group Control + Cd
Thymus
T-immunocytes, % 55.0+1.3 26.0 +4.0*
Thymocyte dye adsorption index,% 374+31 29.4 £5.2*
Bursa of Fabricius
B(C3)-immunocytes, % 440+1.2 28.0£2.1*
Bursocyte dye adsorption index, % 38.1+6.2 27.3+2.4*
Spleen
T-immunocytes, % 59.0+15 26.0+1.0*
B(C3)-immunocytes, % 23.0+35 12.0 + 1.6*
Spleenocyte dye adsorption index, % 85.9+5.7 786+15

* Statistically different from the control group (P<0.05)

and solitory hepatocyte necrosis in liver. The tissue
injury was increased parallel to the dose of Cd. The
damage mechanism of Cd in tissues is operated
mainly by cellular oxidative stress. It is associated
with overproduction of reactive oxygen species,
highly unstable and extremely reactive biochemical
products. The result of their reactivity is the damage
of important biological molecules (cleavage of DNA,
protein denaturation and breakdown lipid membranes)
in a variety of biological systems (Oh & Lim, 2006;
Nair et al., 2013; Moitra, Brashier, & Sahu, 2014).
The level of lipid peroxidation induced by Cd in
tissues of Cd-exposed chickens was studied by the
accumulation of MDA in selected organs (Table
2). MDA is consider to be one of the cytotoxic end
product of lipid peroxidation formed by the reaction
of oxygen free radicals with cellular membrane lipids
and proteins. The increase of MDA production in Cd-
treated chickens indicates the high susceptibility of Cd
target organs and central organs of immune system to
lipid peroxidation, resulted in cell damage. So, MDA
concentration in thymus and bursa was enhanced
under Cd influence by 29.0 (P<0.05) and 57.1%
(P<0.05), respectively.

This data accord with a decrease of immunocyte
vital adsorption index in these organs (Table 3).

The accumulation of MDA, cytotoxic product
of lipid peroxidation, in central organs of immune
system followed by a cytotoxic effect, and resulted in
immune dysfunction. The same effect of functioning
suppression in lesser degree was marked in spleen also
(see Table 2). Cd harmful action produced a functional
depression in adaptive immunity; both in T- and
B-derived immune system (see Table 3). It manifested
by a reduction of immunocompetent cell number in
organs of immunity of Cd-exposed chicks: by 52.3%
in bursa in comparison with the control (P<0.05). An
evidence of Cd inhibitory effect on functioning of
organs of immunity also is a significant decrease of
T- and B (C3)- immunocompetent cell populations in
spleen (P<0.05). The reduction in immunocyte number
in organs of immune system of Cd-treated chicks
likely was caused by Cd-induced oxidative stress
followed by cell breakdown, and cell proliferation
disturbances. In addition, to immunocompetent cell
depletion the low relative mass coefficient in these
organs was found (Table 4). The general character
of Cd suppressive action on the chicken health was
reflected in pronounced avian growth retardation:
body mass of Cd-exposed birds was 2.5 times lower in
comparison with the control (P<0.001). These results
are comparable with data from other studies. Using of

Table 4
Influence of cadmium exposure on body mass and relative mass of inner organs of chickens
Relative mass of organ, g 100 g body mass
Group Chicken body

mass, g . . Bursa of

Liver Kidney Spleen Thymus Fabricius
Control 1275.0 + 166.6 1.98+£0.15 0.73+0.07 0.11+0.01 0.38 + 0.06 0.22 +0.01
+Cd 500.0 £ 169.9** 2.84 £ 0.16* 1.23+0.19* 0.10 £ 0.05 0.21+£0.01* | 0.11+0.02*

* Statistically different from the control group (P<0.05).
™ Statistically different from the control group (P<0.001).

224

RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1



DISTURBANCE OF THE FUNCTIONALITY IN
IMMUNOCOMPETENT ORGANS OF CHICKENS
DUE TO ACCUMULATION OF CADMIUM

Svetlana Vasiljeva, Nataliya Basova, Galina Smirnova

the toxic Cd level (25 mg per kg) in broiler diet leads
to high Cd accumulation in tissues, greatly decreases
nutrient consumption and body mass of birds (Akyolcu
et al., 2003). Oxidative stress induced by Cd in
chickens via the drinking water (25 mg Cd per L) for 6
weeks, plays a decisive role in a strong decrease in the
performance of broiler (Erdogan et al., 2005).

Conclusions
The intensive increase of Cd concentration in
organs of immunity in 35-day-old chickens exposed

by Cd (8.25 mg per kg of diet) for 5 weeks was
observed. The high level of Cd (ng g*' wet wt)
was detected in bursa of Fabricius — 7.90 £ 1.27,
thymus — 1.35 + 0.21 and spleen — 5.15 + 0.92.
The significant susceptibility of immunocompetent
organs to Cd accumulation followed by tissue
oxidative stress induction and organ immune
functional disturbances indicate the pronounced
immunosuppressive effect of exogenous Cd in broiler
chickens.
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Abstract

High-pressure processing (HPP) is typically used for the microorganism inactivation, which provides safety and
prolonged shelf life of meat and meat products. However, for consumers along with safety, it is important to have
good sensory properties, which is a combination of tender and juicy meat with an intense meat flavour. These
attributes may change because of the high pressure processing; therefore, the aim of the study was to evaluate the
effect of HPP on sensory and physical attributes of pork upon processing at 300 and 600 MPa at room temperature
for 1 and 15 min. After HPP the processed pork samples were cooked within the package in a water bath. Colour of
cooked pork did not differ among samples. Moisture content of samples decreased with the increased processing time.
Sensory evaluation revealed that HPP treatment did not influence the colour and flavour of cooked pork irrespective of
treatment parameters applied in the current study. The panellists indicated that increased pressure made pork samples
drier and tougher, thus changing such sensory attributes as juiciness and chewiness, which are important for meat
palatability. The correlation found between chewiness determined by sensory analysis and toughness determined by
Warner-Bratzler shear device suggested this instrumental method as a better tool when compared to the instrumental
texture profile analysis (TPA).

Key words: meat, HPP, sensory attributes, texture, colour.

Introduction

Recently, high pressure processing (HPP) gains
popularity as an alternative to thermal processing
to inactivate microorganisms (Amaro-Blanco et al.,
2018). The main objective of HPP is to achieve the
decontamination of foods while preserving their
sensory properties (Rivalain, Roguain, & Demazeau,
2010). Pressure levels applied for the pasteurization
of meats and meat products, range in an area of 300 —
600 MPa for a short processing time, from seconds to
several minutes at room temperature. HPP application
results in an instantaneous and uniform transmission of
the pressure throughout the product and is independent
of the product size and geometry (Ramirez-Suarez
& Morrissey, 2006). However, depending on the
pressure applied, HPP affects quality parameters like
texture and colour typically associated with fresh meat
— the meat becomes more gel-like structured and paler
(Sazonova, Galoburda, & Gramatina, 20173).

Robbins et al. (2003) in their survey found that
colour, price, visible fats and cuttings were the most
important factors that underpinned the purchase of
beef steaks, but the tenderness, taste and succulence
were more prominent in eating satisfaction. A good
eating quality is a combination of tender and juicy
meat and an intense meat flavour. Consumer research
has shown that meat flavour is a very important factor
for the consumers (Aaslyng & Meinert, 2017). Meat
juiciness strongly depends on water holding capacity
of the product. Muscle comprises approximately
75% water, and the addition of water to meat, and
the hydration of the meat after processing or cooking,
is closely related to taste, tenderness, colour, and
juiciness (Warner, 2017).

Consumers are the final step in the meat supply
chain, and consumer expectations of quality and
tenderness are important to satisfy their needs and
influence re-purchase decisions. High pressure
processing can be applied at various meat processing
stages. These non-thermal innovative technologies can
be used at different levels of success to create physical
disturbances in muscle structure, enhance proteolysis
and aging, as well as denaturation and solubilisation
of muscle proteins, resulting in a change in texture and
succulence (Warner, 2017).

There are few studies on texture of cooked meat
ready for consumption, with no consistent information
about the differences between raw and cooked
meat. For meat texture evaluation, both sensory and
instrumental methods are used. Among instrumental
methods the most popular is Warner Bratzler shear
force, which measures the maximum force for sample
shearing and texture profile analysis (TPA), which
is based on the imitation of mastication or chewing
process with a double compression cycle (Chen &
Opara, 2013). If on one hand the texture of raw meat
influences consumers’ decision at the time of purchase,
texture of the cooked product is important due to the
effects on sensory perception during consumption.
Probably, pressurization of a previously cooked or
cured product cannot change texture parameters, since
proteins have already been denatured, and thus, are
not influenced by pressure (Oliveira et al., 2017).

The aim of this work was to evaluate the effect
of high pressure processing on sensory and physical
attributes of pork cooked after processing at 300 and
600 MPa at room temperature for 1 and 15 min at each
pressure.
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Materials and Methods
Raw materials

Chilled pork obtained from Musculus longissimus
lumborum (Latvia) has been purchased from the meat
processing company Nakotne (unpackaged; stored in
chilled condition at temperature 3 £ 1 °C; maximal
storage time 24 h). No breed, age, sex or premortal
handling was recorded.

Preparation of meat samples

1. The obtained chilled pork was cut in 2.5+ 0.2 cm
thick slices across the muscle fibre.

2. Slices were divided into portions with the weight
of 150.0 £ 0.2 g each, packed in the vacuum
pouches made from polyamide/polyethylene film
(film thickness 60 + 3 pum).

3. Stored intherefrigerator at4 £ 2 °C till experiments
were completed on the same day.

4. Samples of meat were treated in a high-pressure
processor ISO-Lab S-FL-100-250-09-W (Stansted
Fluid Power Ltd., UK) with a pressure chamber
of 2 L and a maximum operating pressure of 900
MPa. The pressure transmitting medium was
a mix of propylene glycol with water (1:2 v/v)
at room temperature. Vacuum-packed samples
were randomly assigned to one of the treatment
pressures (300 and 600 MPa), while the untreated
sample served as the control. The HP treatment
for vacuum-packed samples at each pressure
level was applied for three meat samples for
durations of 1 and 15 minutes. Pressure and time
were chosen based on the previous studies and
literature summaries, which showed that under the
pressure of 300 MPa, the microorganisms were not
inactivated, but the increase of the pressure above
600 MPa did not give better inactivation rates
(Sazonova et al., 2017a).

5. After HPP and before sensory evaluation, the
processed pork samples were cooked within
the package in a water bath AppliTek 214AT
(HetoLabEquipment, Denmark) at 85 £ 2 °C while
reaching internal sample temperature of 75 °C and
subsequent cooking for 10 min.

Sensory evaluation of HPP pork samples

The sensory evaluation of pork samples cooked
after HPP treatment was conducted according to
the sensory standard method ISO 4121:2003. To
determine the intensity of aroma, colour, juiciness and
chewiness, a five point line scale (for colour 1 — light,
5 — dark; for flavour 1 —weak, 5 — intense; for juiciness
1—dry, 5—juicy; for chewiness 1 —tough, 5 — soft) was
used. Meat samples were evaluated by 30 panellists
comprising students and staff of the Faculty of Food
Technology, Latvia University of Life Sciences and
Technologies. Together with the samples, panellists

received evaluation sheets indicating the sequence of
samples and the instructions for the assessment.

Texture measurement

For instrumental measurement of cooked HPP
processed pork texture two most popular methods
were selected: Warner-Bratzler shearing and Texture
profile analysis (TPA). In both cases a texture analyser
TA.HD.Plus was used and data were generated by
Exponent software (Stable Microsystems Ltd., UK).

In the shear test, meat toughness was determined
using the Warner-Bratzler shear device, which consists
of a blade and a slotted platform. The meat sample was
cut in strips of 2 cm width and placed under shearing
blade, which at a speed of 1 mm s, parallel to the
meat fibre, sheared the test portion in half. For each
sample of meat, 10 measurements were completed.

For texture profile analysis (TPA), according
to the procedure of Trespalacios and Pla (2007), an
aluminium cylindrical probe (SMP P/50, flat bottom,
diameter 50 mm) at ambient temperature (22 + 2 °C)
was used. Square samples (20 x 20 mm) were axially
compressed to 40% of their original height using
a double compression cycle test. The trigger force
used for the test was 0.049 N, with a pre-test speed
of 1 mm s, test speed 5 mm s?, post-test speed 5
mm s, Atime of 5 s was allowed to elapse between
the two compression cycles. Therefore, attributes of
gumminess and chewiness were selected for further
evaluation (Zheng et al., 2015).

Determination of moisture and colour

Moisture of pork meat samples was determined
in triplicate according to a standard method LVS
ISO 1442:1997. Meat colour was analysed using
colorimeter Color Tec PCM/PSM (Accuracy
Microsensors, USA), evaluating colour in CIE L* a*
b* system. Two meat samples per type of treatment
were analysed, measuring colour at least in 10
different places on each sample surface.

Statistical analysis

Experimental results are presented as mean
+ standard deviation. Single factor analysis of variance
(ANOVA) was used to compare the means. For data
analysis, confidence level was 95% (a=0.05). The
factors have been evaluated as significant, if p-value <
0,5 FOr analysis of sensory data along with two way
ANOVA, Tukey’s test was applied.

Results and Discussion

Colour, flavour, juiciness and chewiness of cooked
HPP pork were quantified with sensory analysis,
while texture attributes were measured also by
instrumental methods. Sensory evaluation resulted
in the determination of the intensity of the sensory
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Table 1
Intensity of sensory attributes of cooked high pressure treated pork
Sample Colour? Flavour! Juiciness! Chewiness®
Control 2.07a 290a 2.67b 3.27b
300 MPa/1min 2.37a 270 a 2.83b 3.47b
300 MPa/15min 207 a 2.70a 3.10b 3.53b
600 MPa/1min 2.23a 270 a 2.33ab 1.83a
600 MPa/15min 237a 2.67a 170 a 133a

!Evaluated by a 5-point line scale (1 - light, weak, dry, tough; 5 — dark, intense, juicy, soft).
Different letters in the same column indicate significant differences among treatments (p<0.05).

properties (Table 1), which were selected of their
importance in meat palatability evaluation according
to the consumer studies conducted by several research
groups (Bak et al., 2012; Reed et al., 2017).

Summing up the obtained results, we can conclude
that there was no significant difference in colour
(p=0.307) and aroma (p=0.864) among the samples,
but there were significant differences among the
samples in their juiciness (p=0.003) and chewiness
(p=0.000), which was more influenced by the
processing pressure rather than the time.

Colour

It has been established that high pressure may
induce quite significant and obvious changes in the
colour of the raw meat (Hughes et al., 2014). Our
earlier studies also indicated that colour of pork after
meat treatment at 50 — 100 MPa does not cause visible
changes in a colour intensity parameter L* (Sazonova,
Galoburda, & Gramatina, 2017b). However, higher
pressure induced an increase in lightness of the
samples. The L* value increased for all samples treated
at 100 — 500 MPa (p<0.05), but it was not significantly
affected by treatment time (1 — 15 minutes). Overall,
a high pressure treatment caused significant changes
in the colour of fresh meat and thus complicated the
commercialization of HPP fresh meat, since from the
consumer point of view, the lack of fresh meat of the
typical colours (Bajovic et al., 2012).

The colour of samples coked after HPP no longer
showed significant differences in colour as indicated
by sensory panellists in the current study. The colour
scores ranged from 2.07 to 2.37, being close to light
colour. The differences of raw HPP pork colour were
eliminated by heat treatment, as a result changing
meat colour from pink to light brown colour due
to myoglobin denaturation (Hughes et al., 2014)
(Hughes et al., 2014). Thus, colour changes in the high
pressure processing step are not relevant if a product
is further processed. After the heat treatment, the
final products had a uniform colour, typical of
cooked meat. Colour value component L* was

on average 71.47; a*=-1.1; b*=14.42. Also, an
instrumental measurement of the colour of the target
did not show significant differences (p=6.964).

Flavour

Thepanellistsevaluatedtheintensityofmeatflavour,
which plays an important role in the acceptance and
preferences of consumers. No significant differences
were established among the evaluated samples. The
flavour of all the samples on the 5-point scale was
estimated to be within the range 2.67 — 2.90, which
is in the middle “neither weak, nor intense”. Prepared
meat has its flavour and taste derived from volatile
aroma constituents, which results from thermally
induced reactions between aroma precursors such as
water soluble components (amino acids, peptides,
carbohydrates, nucleotides, etc,) and lipids (Robbins
et al., 2003). One can conclude that the samples have
got the flavour during heat treatment, not because of
high pressure treatment. It has been reported that the
aroma is combined with other sensory properties, such
as softness and juiciness, is considered as the most
important criterion for acceptability, which affects the
consumer’s decision on the use of these products in
the diet (Robbins et al., 2003).

Juiciness

Sensory evaluation results showed that the pork
samples that have undergone treatment at 600 MPa
were scored as drier (1.70 — 2.33), comparing to the
control sample or the samples treated at 300 MPa. The
sensory results had a moderate correlation (r=0.619)
with the results of instrumental measurements, which
indicated lower moisture content (Figure 1) in both
samples treated for longer time (15 min compared to
1 min) irrespective of applied pressure. This indicates
that juiciness, unlike other evaluated parameters, is a
subjective characteristic of meat, which is determined
by the consumer or trained assessor.

Meat typically contains about 75% water.
However, its content is changed depending on applied
type of treatment and it is closely related to the taste
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Figure 1. Moisture content of the studied HPP pork samples after cooking.

of the meat, colour, softness and juiciness. After
measuring the moisture content, we conclude that
as the treatment time increases, the moisture content
of the sample decreases (Figure 1). The calculations
showed significant differences only for the cooked
sample, which was processed at 600 MPa at 15
min (p=0.007), which is in agreement with sensory
evaluation about juiciness which was assessed at a
five-point scale with 1.70 being closer to dry. During
heat treatment, the muscles lose water, but the proteins
become less flexible and tougher. While using longer
heating times, some proteins such as sarcoplasm and
collagen make jelly and can hold water (Warner,
2017). HPP can denature some sarcoplasmic proteins,
and this can have a negative effect on water holding
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capacity and increase in drip losses leading to changes
of water content of the meat (Marcos et al., 2010).
Short range surface forces seem to dominate theories
of water—protein interactions, and the theoretical
foundations of bulk water-holding are still lacking
(Puolanne & Halonen, 2010).

Texture

Sensory evaluation results showed that between
the sensory properties of the samples — juiciness
and chewiness had a strong correlation (0.943). The
samples treated at 600 MPa according to the sensory
evaluation were less juicy, having scores for 1 min
sample 2.33, but 15 min —1.70. Also, the chewiness of
these samples was estimated to be tougher — 1.83 and

B Gumminess

B Chewingss

Figure 2. Gumminess and chewiness of cooked HPP pork samples using the TPA method.
Different letters (a — b) for the same property (gumminess or chewiness) indicate significant
differences among samples (p<0.05).
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Figure 3. Toughness of the studied pork samples after cooking as measured
by Warner-Bratzler shear device.

1.33, respectively. These results indicate that less juicy
samples are harder to chew, and may have a harder
texture. The sensory studies performed by Otremba et
al. (2000) also indicated that, there is a strong positive
correlation between the heat-treated meat consistency
and the sense of juiciness - the release of water on
the first or second bite, and moisture content capture —
sensory juice evaluation after several chewing cycles.
However, as found in the study, different muscle
consistency and succulence may be different (Hughes
etal., 2014).

It should be noted that the data obtained in the
sensory evaluation do not coincide with the results
obtained by analysing the consistency of the samples
using the instrumental method — compression force
(Figure 2).

An increase in a processing time from 1 to 15
min, both at pressure 300 MPa and pressure 600 MPa
the samples showed a significant difference between
gumminess (p=0.043 and p=0.004), and chewiness
(p=0.042 and p=0.001). In contrast, regardless of
time and pressures applied, there is no significant
difference between gumminess (p=0.60 and p=0.539),
and chewiness (p=0.121 and p=0.198).

When measuring the texture of pork samples using
Warner-Bratzler shear device a significant difference
between the analysed samples (p=0.010) was
observed, the higher the treatment pressure applied,
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Abstract

Lactobionic acid is a high value added compound industrially produced through energy intensive chemical synthesis,
which uses costly metal catalysts, like gold and platinum. In the next years, biotechnological production of
lactobionic acid can be supposed to take the full transition to the manufacturing stage. Productivity of lactobionic acid
by microbial production can be affected by various factors — choice of microorganism and its concentration, supply
of oxygen, temperature, substrate, cultivation method, pH and aeration rate. The aim was to review research findings
for lactobionic acid production as well innovative and efficient technology solutions for self-costs reducing. Whey
was recommended as a cheap and suitable substrate for the lactobionic acid production. Whey processing has been
advised with Pseudonomas teatrolens in 28 °C and in pH 6 to 7 for yielding the highest productivity. The increasing

commercial importance urges the progression of schemes for lactobionic acid biotechnological manufacturing.

Key words: lactobionic acid, lactose, oxidation.

Introduction

Whey is renewable resource in food industry
and contains a lot of milk sugar — lactose. Lactose
takes an important role in nutrition. It is a unique
disaccharide widespread in the mammalian milk
(Gutiérrez, Hamoudi, & Belkacemi, 2011; Prazeres,
Carvalho, & Rivas, 2012). Application of lactose is
limited, because of the intolerance problems of some
population segments and due to its low sweetness and
low solubility (Gutiérrez, Hamoudi, & Belkacemi,
2011). In 1990, there was found out that more than
145-10¢ ton of whey was produced per year and
containing approximately six million tons of lactose
(Castillo, 1990). The European Union produced
approximately 40-10° tons per year of whey. Yearly
residue of produced whey is approximately 13-10°
tons, which contains approximately 619,250 tons
of lactose (El-Tanboly, El-Hofi, & Khorshid, 2017).
Nearly 9 L of whey is obtained from exactly one
kilogram of manufactured cheese; whey is mainly
used as animal feed (Onwulata & Huth 2008). Whey
has been used as carbon and nitrogen source in varied
biotechnological operations (Prazeres, Carvalho, &
Rivas, 2012).

Lactobionic acid is a disaccharide formed
from gluconic acid and galactose, produced by
oxidation of lactose. This organic acid is a high
value added compound. It is widely applied in
medicine, pharmaceutical, food, chemical and in
cosmetic industry, due to its excellent properties, like
antioxidant, biocompatibility, nontoxicity, chelating,
biodegradability and amphiphilic. Lactobionic acid
unique properties together with the wide diapason
of usage have also created it into a strategic high
value added substance for the manufacture of new
products (Alonso, Rendueles, & Diaz, 2013b). This
growing commercial significance has conducted the
biotechnological production of lactobionic acid as a

long lasting production alternative to the expensive
and high intensive energy chemical production way
(Alonso, Rendueles, & Diaz, 2011). Pseudomonas
taetrolens shows higher ability of conversion
per unit of organic matter with no complicated
nutrient requirements (Alonso, Rendueles, & Diaz,
2011), unlike lactobionic acid production from
microorganisms such as Burkholderia cepacia or
Zymomonas mobilis (Murakami et al., 2003; Malvessi
et al., 2013). The aim of this study was to review
research findings for lactobionic acid production as
well as innovative and efficient technology solutions
for shelf costs reducing.

Materials and Methods

Monographic method has been used for this
review. The review summarizes results of lactobionic
acid production through a microbiological production
pathway and the application of lactobionic acid in
food industry. Literature from United States Patents
and different scientific journals all around the world
has been used in development of the review. It
includes information from research conducted in
Spain, Canada, United States, Germany, Portugal,
Brazil and China.

Results and Discussion
Lactobionic acid application in the food industry

The food industry has great interest or attention to
the use of lactobionic acid as a food additive in the last
years as calcium carrier, acidifier agent, antioxidant
etc. (Table 1). The dairy field has been currently
involved in the implementation and development of
new production methods inclusive lactobionic acid
as one of the main compounds in new dairy gaining
technologies (Merrill & Singh, 2011).

In addition, this compound as a feed additive
has been suggested for laying hens, promoting the
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Table 1

Lactobionic acid applications in food industry

Applications Reference
Antioxidant (FDA, 2011)
Stabilizer (FDA, 2011)
Gelling agent (in desert products) (FDA, 2011)

Acidifier agent (in fermented milk products)

(Faergemand, Gilleladen, & Qvist, 2012)

Aging inhibitor (for bread)

(Oe & Kimura, 2011)

Water holding capacity agent (in meat products)

(Nielsen, 2009)

Flavour enhancer (for foods or beverages)

(Walter & Begli, 2011)

Retarding of lipid oxidation

(Baldwin et al., 2004)

Filler (in cheese production)

(Pleissner et al., 2017)

Calcium carrier (in food and beverages)

(Pleissner et al., 2017)

absorption of calcium and raising the quality of
egg shell (Kimura, 2006). Calcium lactobionate has
been recently advanced to ensure a valuable access
for calcium addition through milk based beverages,
non-dairy beverages and cheeses as calcium carriers
(Nielsen & Hoeier, 2009). Functional milk containing
lactobionic acid may help to exterminate the deficiency
of calcium. Cheese production productivity can boost
by adding lactobionic acid indirectly (by putting
lactose oxidase) or directly (approximately 10% of
the mixture). This helps reduce processing time and
manufacturing costs. Lactobionic acid ensured also
sensory properties via lowering of unwanted Maillard
reaction products in cooked products (Merrill & Singh,
2011). An antioxidant mixture containing lactobionic
acid has been invented for reducing lipid oxidation in
products (Baldwin et al., 2004). Recently for the first
time has been reported that lactobionic acid in meat
products works as an agent of water holding capacity.
Lactobionic acid gives higher industrial yield of meat
products due to decreasing of water losses through
thawing or cooking processes (Nielsen, 2009).

It does not have a specific colour, flavour or aroma,
besides product has primarily antibacterial functions
at small doses. Food and Drug Administration
(FDA) has already approved the usage of calcium
lactobionate as food additive, but the agreement by
the European Food Safety Authority (EFSA) is still
unsolved, because of the deficiency of the long term
influence assessment of lactobionic acid on human
health (Gutiérrez, Hamoudi, & Belkacemi, 2012).

Advantages and disadvantages of lactobionic acid
production methods

First time lactobionic acid was discovered via
chemical synthesis by Fisher & Meyer in the year
1889 (Fisher & Meyer, 1889), after synthesis with
bromine. Lactobionic acid is currently produced from
lactose in energy intensive way via chemical synthesis

for industrial purposes (Kuusisto et al., 2007). The
selective conversion of lactose to lactobionic acid
consists of the glucose aldehyde group oxidation at
the lactose molecule to the carboxylic group (Nakano
et al., 2010).

Processes like enzymatic synthesis, biocatalytic
oxidation, electrochemical oxidation and
heterogeneous catalytic oxidation have been viewed for
the lactobionic acid production. Enzymatic synthesis
gives higher productivity and lactobionic acid yield
than microbial production. Unfortunately, enzymes
are quite unstable in production process (Nordkvist,
Nielsen, & Villadsen, 2007). However, the enzymatic
synthesis can only be complied with refined lactose
(Pleissner et al., 2017). The biocatalytic production of
lactobionic acid is based on the oxidation of lactose
by using microorganisms as biocatalysts or by specific
enzymes. The main reaction mechanism involves the
modelling as an intermediate product of lactobionic-
d-lactone, which is further hydrolysed to lactobionic
acid (Nakano et al.,, 2010). Through chemical
synthesis lactobionic acid can be also produced by
lactose oxidation with bromine or by electrocatalytic
oxidation with platinum or gold electrodes in alkaline
medium (Pleissner et al., 2017). Gutiérrez et al.
(Gutiérrez, Hamoudi, & Belkacemi, 2011) reported
that high yield of lactobionic acid (more than 90%)
can be gained via electrocatalytic oxidation. Gold
electrodes are the most suitable catalysts for the
oxidation of sugars. The main compound of the
electrochemical oxidation of lactose is the lactone,
which is further hydrolysed to lactobionic acid. First
successfully implemented lactobionic acid production
example by heterogeneous catalytic oxidation of
lactose via palladium and bismuth-palladium catalysts
was reached in 1990 (Hendriks, Kuster, & Marin,
1990).

Nowadays, lactobionic acid is manufactured via
chemical synthesis, which is energy intensive and
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very expensive metal catalysts demanding. Attention
to biotechnological production increases, because
the commercial relevance of lactobionic acid grows
fast. The possibility of lactose containing waste
or renewable material utilization for lactobionic
acid manufacturing farther boosts the interest of the
biotechnological course, environmentally and cost
effective production (Pleissner et al., 2017).

Lactobionic acid production in microbial synthesis

It was first reported that some Pseudomonas
species are capable to convert lactose to lactobionic
acid in 1947. Stodola and Lockwood investigated 15
Pseudomonas species, only Pseudomonas graveolens
(today mainly named as teatrolens) showed the
capability of lactobionic acid production (Stodola
& Lockwood, 1947). Bioproduction in microbial
synthesis from food residue like whey gives an
environmentally and sustainably  substantiated
alternative for lactobionic acid production, unlike it
is from chemically synthesis processes. Using whey
as cheap source opens a possibility for cost effective
lactobionic acid production in microbial synthesis
pathway (Alonso, Rendueles, & Diaz, 2011).

Pseudomonas species produce lactobionic acid
through the lactose oxidation pathway (Alonso,
Rendueles, & Diaz, 2012a). Pseudomonas spp.
dehydrogenase catalyses lactose oxidation to a
lactobiono-d-lactone using flavin adenine dinucleotide
(FAD) as a system of electron transfer. The lactone
is hydrolysed by lactonase into lactobionic acid. The
procedure is usually managed out at pH of 6 and at 25 to
50 °C temperature. At the end of lactose oxidation, the
result can be lactobionic acid or its salts. If lactobionate
salts are obtained, the mixture is overpassed via
purification methods to get pure lactobionic acid
(Gutiérrez, Hamoudi, & Belkacemi, 2011).

Some microorganisms are investigated for
their ability to create lactobionic acid. These are
Pseudomonas taetrolens (Alonso, Rendueles, &
Diaz, 2011), Pseudomonas aeruginosa (Stodola &
Lockwood, 1947), Acetobacter orientalis (Kiryu
et al., 2012), Burkholderia cepacia (Murakami
et al., 2003), and Halobacterium saccharovorum
(Tomlinson, Strohm, & Hochstein, 1978). Among
above mentioned microorganisms, only Pseudomonas
taetrolens has recently been studied for lactobionic
acid production at lactose oxidation pathway.
Unfortunately,  Pseudomonas  aeruginosa and
Burkholderia cepacia have pathogenicity that makes
them unsuitable for the use in food products and delays
any further production on industrial scale (Pleissner
et al., 2017). Pseudomonas taetrolens is suitable for
producing compounds which could be used in food
products. It is usually found in spoiled products as
natural compounds (West, 2004).

Obtaining lactobionic acid from lactose by using
Filamentous fungi, gives only 50% yield after 120 h
production process, which proposes that it is residual
lactose oxidase activity in Filamentous fungi (Pedruzzi,
Borges de Silva, & Rodrigues, 2011; Malvessi et al.,
2013) However, the capability of lactose oxidation has
been also discovered in red algae, which are able to
oxidize various carbohydrates at approximately pH
of 5 (Alonso, Rendueles, & Diaz, 2011; Murakami
et al., 2003). Lactose oxidation by using Acetobacter
orientalis gives 97 till 99% vyield using resting cell
position in rich nutritive substrate (Kiryu et al., 2012).

As stated of economic feasibility, the productivity
of organic acids by microbial production demands
to be more than 1 g L h and at the end product
concentration needs to be more than 50 g L* (Yang
et al., 2007). The titre obtained through any of
biotechnological methods from an industrial point
of view must contain at least 50 to 100 g per L to
reach product concentration which is comparable
to the amount obtained in the chemical synthesis
(Pollard & Woodley, 2007). Although the majority of
the methods summarized in Table 2 confirms above
mentioned criteria, most of these methods could
not be performed on a commercial range due to the
reason that high production amounts were reached by
using resting cell, which are not generally used in the
manufacturing (Alonso, Rendueles, & Diaz, 2017).

The process temperature plays the import role to
lactobionic acid production. Providing the process
temperature at 28 °C was able to reach higher cell
density and at the same time promoted lactose
conversion process to lactobionic acid. The high yield
up to 98% and the specific productivity (1.73 g g per h)
was reached in lactobionic acid production from whey
and results confirmed the significance of this strategy
for lactose bioconversion by Pseudomonas taetrolens
in dairy industry (Alonso, Rendueles, & Diaz, 2017).
The effect of different whey concentrations was also
explored, recording that the production of lactobionic
acid increased with increasing of whey concentration
(Miyamoto, Ooi, & Kinoshita, 2000).

The adverse effect of an over-supply of oxygen
and the operational pH, has been identified as the
main bioprocessing factor, affecting bioproduction.
The usage of large aeration rate was disadvantageous
production of lactobionic acid although the cell growth
was accelerated by increasing the rate of aeration
(Alonso, Rendueles, & Diaz, 2012a). Also, biomass
concentration affects productivity of lactobionic
acid, if at the beginning the biomass concentration is
higher, the productivity of lactobionic acid is higher,
too. Pseudomonas taetrolens showed the reduced
cellular distribution at pH less than 6 and a further
delay of the lactobionic acid production. By pH
values over 7 Pseudomonas taetrolens behaviour and
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Table 2
Summary of research results on the microbial synthesis of lactobionic acid
=
= = g |
St lefc| £|2) =
Microorganisms Method Substrate sa|lgBel 5| 2| =2 References
S| o> ® 3 p
S|P o 2 = {
o o =
)
O
Pseudomonas B in rotating lactose - - 165 | - 75 | Stodola & Lockwood,
graveolens drums 1947
Burkholderia FBin lactose, glucose, 3.56 - 50 | 178 85 Meiberg,
cepacia bioreactor yeast extract, salts, Bruinenberg, &
peptone Sloots, 1990
Pseudomonas sp. FBin lactose, peptone, 1.87 - 155 | 290 | 90 Miyamoto, Ooi, &
LS131 bioreactor salts Kinoshita, 2000
Burkholderia FB in shake- | lactose, peptone, 1.67 - 240 | 400 | 100 Murakami et al.,
cepacia no.24 flask salts, yeast extract 2003
Burkholderia B in shake- lactose, yeast 5.55 - 27 | 150 | ~100 Murakami et al.,
cepacia no.24 flask extract, salts, corn 2006
steep liquor
Zymomonas Bin lactose 5.80 0.80 22 | 125 | 100 | Pedruzzi, Borges de
mobilis bioreactor Silva, & Rodrigues,
2011
Pseudomonas Bin whey 0.70 0.56 58 | 42 | 100 | Alonso, Rendueles, &
taetrolens bioreactor Diaz, 2011
Acetobacter Bin Lactose, 0.54 - 72 49 98 Kiryu et al., 2012
orientalis bioreactor yeast extract,
polypeptone,
Dglucose, salts.
Pseudomonas B in whey 1.27 0.94 30 | 42 | 100 | Alonso, Rendueles, &
taetrolens bioreactor Diaz, 2012a
Pseudomonas B in shake- whey 0.70 0.42 60 | 42 100 | Alonso, Rendueles, &
taetrolens flask Diaz, 2012b
Zymomonas Bin lactose, fructose 7.60 0.30 24 | 182 78 Malvessi et al., 2013
mobilis bioreactor
Pseudomonas Bin concentrated whey | 1.63 1.02 48 | 78 | 100 | Alonso, Rendueles, &
taetrolens bioreactor Diaz, 2013a
Pseudomonas FBin concentrated whey | 2.05 1.40 80 | 164 82 | Alonso, Rendueles, &
taetrolens bioreactor Diaz, 2013a
Pseudomonas FBin whey + glucose 1.28 2.15 48 | 78 98 | Alonso, Rendueles, &
taetrolens bioreactor Diaz, 2015
Pseudomonas FBin whey + glycerol 0.93 1.65 48 | 65 82 | Alonso, Rendueles, &
taetrolens bioreactor Diaz, 2015
Pseudomonas FB in whey+ lactose 1.40 2.05 48 | 100 | 100 | Alonso, Rendueles, &
taetrolens bioreactor Diaz, 2015
Pseudomonas Bin whey 2.04 1.73 24 | 49 98 | Alonso, Rendueles, &
taetrolens bioreactor Diaz, 2017

‘~‘- Not accessible;

B- Batch;
FB- Fed-batch;

“- Yield was set as the percentage of lactose oxidized to lactobionic acid after end of process.

236

RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1



THE CURRENT STATUS AND FUTURE
PERSPECTIVES OF LACTOBIONIC ACID
PRODUCTION: AREVIEW

Inga Sarenkova, Inga Ciprovica

production process were also negatively influenced
(Alonso, Rendueles, & Diaz, 2013a). Alonso et al.
(Alonso, Rendueles, & Diaz, 2012a) also observed
that production of lactobionic acid was negatively
affected by large aeration and agitation rate.
Microbial production methods for production of
lactobionic acid are in turn related with complicated
and expensive purification processing stages in
comparison to enzymatic methods. From the industrial
point of view, microbial methods show strong
challenges, which may delay the process progression
schedule (Alonso, Rendueles, & Diaz, 2017).

Purification methods

The first try to purify lactobionic acid in the end of
microbial production was a reactive extraction method
with ethanol (Lockwood & Stodola, 1947). Recovery
process depends primarily on the form of the matrix
occupied for obtaining lactobionic acid, metabolites
and composition of media.

Lactobionic acid recovery after biobased
production could be completed by accepted techniques
including extraction, adsorption or precipitation using
ion-exchange resins (Pedruzzi, Borges de Silva,
& Rodrigues, 2008). By passing the substrate of
lactobionate ions through a series of ion exchange
resins, a batch of pure lactobionic acid can be produced
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Abstract

Specialty coffee, according to Specialty Coffee Association of America (SCAA) standards, is coffee which has been
standardized from the coffee plantation process until its delivery to the consumer, in compliance with all quality
standards, to highlight the characteristics of the beverage. With increasing coffee consumption, more attention is
focused not only on the flavour and texture of the drink, but also on the impact of coffee on health. The beneficial
effects of coffee on human health are mainly based on a wide range of biologically active components. The coffee
composition of the biologically active compounds and flavour compounds are influenced differently by almost all
technological processes. The aim of this review was to summarize recent scientific developments about composition
of aroma, flavour and biologically active compounds in specialty coffee and evaluate the best possibilities to balance
health promoting and flavour attributes. Specialty coffee mainly focuses on fruity, floral, sweet and acidic notes
in coffee, which are opposite to phenolic compound aroma characteristics during roasting process. In conclusion,
roasting temperature significantly influences all biologically active compounds and important aroma, flavour volatiles
in coffee. All compound concentration, except coffee melanoidins, decreases during roasting process. Light-medium
roast level could provide stability among floral, fruity aroma, flavour notes and biologically active compounds

(phenolic compounds and coffee melanoidins) in coffee.

Key words: specialty coffee, volatile compounds, biologically active compounds, coffee quality.

Introduction

Coffee consumption is significantly increasing
each year. With increasing coffee consumption,
consumers pay more attention to the quality of the
coffee — taste, appearance and information about
coffee origin, post-harvesting process, roast level,
grind size and preferred brewing technique. The
highest quality coffee is characterized by a fruity,
nutty flavour and pleasant acidity, bitterness that
defines the composition of the specialty coffee volatile
compounds (Sepulveda et al., 2016).

Specialty coffee is coffee which has been
standardized from the coffee plantation process until
its delivery to the consumer, in compliance with all
quality standards, to highlight the characteristics of
the beverage. The main criterion for specialty coffee
is to provide the taste, aroma and texture qualities to
the coffee beverage (Sepulveda et al., 2016; Kim et
al., 2018;).

With increasing coffee consumption, more
attention is focused not only on the flavour and texture
of the drink but also on the impact of coffee on health.
The beneficial effects of coffee on human health are
mainly based on a wide range of biologically active
compounds (Caprioli et al., 2014; Nuhu, 2014).

Specialty coffee quality is focused on the texture,
aroma and taste of the drink, but focusing mainly on
the flavour compounds, the balance of biologically
active compounds is disrupted. The coffee composition
of the biologically active compounds and flavour
compounds are influenced differently by almost all
technological processes (Vignoli et al., 2014). The
aim of this review was to summarize recent scientific

developments about composition of aroma, flavour
and biologically active compounds in specialty coffee
and evaluate the best possibilities to balance health
promoting and flavour attributes.

Materials and Methods

This research was proceeded by using the
monographic method, summarizing actual researches
of specialty coffee chemical composition. This
review summarizes differences between volatile
and biologically active compound composition in
specialty coffee, and theological processes, which
influences them most.

Results and Discussion
Non volatile compound composition of coffee

Chemical composition of lipid, protein and
carbohydrates in coffee contains the precursors
function for developing flavour, aroma composition
of the coffee beverage. It is also one of the reasons
why specialty standards are significantly higher for
green coffee. Specialty coffee standards for green
coffee quality (environmental factors, post-harvesting
process) can ensure high sensory qualities to roasted
coffee and coffee brew (Joét et al., 2010; Somporn et
al., 2011).

One of the main chemical components is coffee
lipid (coffee oil). In Coffea arabica coffee lipid
content varies between 15%, but in Coffea canephora
only 10% from dry matter (Aleriana et al., 2011).
Lipid composition in coffee mostly consists of
triglycerides, diterpene alcohols and esterified sterols.
The diterpenes kahweol and cafestol are the main
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coffee oils. C. arabica coffee has higher kahweol
and cafestol concentration than C. canephora. Both
diterpenes are relatively rare in free form and are
mainly found in esterified form with fatty acids,
for example, linoleic acid, which also gives the
bitterness to coffee. It has been reported that fatty
acids composition in specialty coffee is important to
bring mouthfeel characteristics (body, texture) and
essential aroma, flavour compounds to the coffee
beverage. Saturated fatty acids have proven positive
correlation with sensory qualities of specialty coffee.
Coffee with higher content of stearic and arachidic
fatty acid shows more intense body, texture of coffee,
but coffee with higher myristic fatty acid content
has a positive correlation with acidity (Fassio et
al., 2017). Unsaturated fatty acids have negative
correlation with sensory criteria like aroma, flavour,
acidity, body, which are important specialty coffee
criteria. Unsaturated fatty acids tend to oxidize and
the oxidation process leads to unpleasant aroma and
characteristics (Aleriana et al., 2011; Figueiredo et al.,
2015; Fassio et al., 2017). Fatty acids influence coffee
quality. Also, it is crucial in a storage process — the
oxidation process creates ‘rested coffee flavour’ and
increases free fatty acid content, one of the reasons
could be associated with elaidic acid content in coffee
(Figueiredo et al., 2015; Fassio et al., 2017).
Carbohydrates make the largest part of coffee bean
chemical composition (~ 60% of green coffee bean
dry matter). Carbohydrates have one of the crucial
roles in coffee quality — forming aroma, flavour and
colour in the roasting process. The most important
compounds are sucrose and polysaccharides. In green
coffee beans polysaccharides, like arabinogalactans,
galactomannans, create an insoluble polysaccharide
complex, whose function is to straighten the cell walls
of coffee bean (Fischer et al., 2001; Steen et al., 2017).
In the process of roasting, these qualities are reduced
because of polysaccharide degradation and fallowing
formation of reduced sugars like mannose, arabinose
or glucose. Reduction of sugars further forms a wide
range of aroma compounds (Fischer et al., 2001;
Geromel et al., 2008; Figueiredo et al., 2015; Toledo
et al., 2016). C.arabica contains 5 — 9% sucrose and
48 — 55% total polysaccharides, while C.canephora
contains 4 — 7% sucrose and 38 — 48% total
polysaccharides. Sucrose content in coffee positively
correlates with acidity and sweetness (Figueiredo et
al., 2013; Fassio et al., 2017). It has been proven that
coffee with higher organic acid content and sucrose
content has a higher final sensory score of coffee
quality. In sucrose degradation process, reducing
sugars are formed, which are important elements
in Maillard reaction (Borém et al., 2016). Sucrose
composition in coffee bean is highly associated with
coffee cherry maturation. The slower maturation

process of the coffee fruit is associated with formation
of many complex sugars. It is one of the reasons
why Specialty coffee standards are the highest for
harvesting and post harvesting process (Geromel et
al., 2008; Joét et al., 2010).

Coffee proteins in C.arabica are in a slightly
lower concentration than in C. cenphora (10 — 13%
from dry matter). Coffee proteins consist of amino
acids and peptides. In C. arabica and C. cenphora are
three main amino acids — glutamic acid, aspartic acid
and y-aminobutyric acid (GABA) (Rendon, Salva, &
Bragagnolo, 2014; Bressanello et al., 2017). All amino
acid concentration rapidly decreases after roasting
temperature over 180 °C. In the roasting process amino
acids react with reducing sugars (Maillard reaction)
and form pyrroles, pyridines, pyrazines, but reducing
sugars can also react with free amino acids (Strecker
reaction) forming aldehydes (Toci et al., 2013). Coffee
proteins work as precursors for coffee aroma, flavor,
it is because of protein-aroma compound or protein-
flavor compound binding. Proteins have a positive
correlation with phenolic compounds and coffee
mealnoidins, which can be explained by protein and
phenolic compound involvement in coffee melanoidin
formation (Coelho et al., 2014).

Melanoidins are formed in roasting process
as Maillard reaction final products (Coelho et al.,
2014). There has been reported that polysaccharides,
chlorogenic acid and proteins are involved in
melanoidin formation (Moreira et al., 2012).
Melanoidins have a positive influence to sensory
qualities of coffee and positive impact to health.
Melanoidins have an important role in coffee crema
(layer of foam found on the surface of a shot of
espresso coffee) formation in espresso coffee. Coffee
melanoidins are associated with bitter sweet roast
flavor, which is increasing with the roasting process.
A higher melanoidins concentration tends to decrease
unpleasant sulfury/roasty flavor of coffee beverage,
which is explained by coffee melanoidins and thiol
covalent binding (Quintanilla-Casas et al., 2015; Kim
et al., 2018).

Trigonelline concentration is higher in C. arabica
than in C. cenphora. Trigonelline has a positive
correlation with sensory qualities as acidity, sweetness
and flavour (Fassio et al., 2017; Worku et al., 2018).
In the roasting process trigonelline degradates to
pyrroles, pyrazines, which have positive aroma,
flavour qualities (Oliveira Fassio et al., 2016).

Aroma compound composition of coffee

It has been proven that green coffee has
approximately 100 different volatile compounds and
950 volatile compounds in roasted coffee. However,
only about 20 of them can significantly affect the
formation of flavour and aroma (Kim et al., 2018).
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Table 1

Important aroma, flavour compounds in specialty coffee

Classes Compounds Type of aroma References
Furans 2-furfurylthiol roasted coffee Piccino et al., 2014; Somporn et al., 2011
Aldehydes (e,e)-nona-2,4-dienal citrus (fruity) Piccino et al., 2014
Aldehydes 3-methylbutanal chocolate Mestdagh et al., 2014; Piccino et al., 2014
Pyrazines 2-ethyl-3,5-dimethylpyrazine hazelnut Mondello et al., 2005; Piccino et al., 2014
Aldehydes 2-phenylacetaldehyde floral (rose) Piccino et al., 2014
Pyrazines 2,3-dimethyl-5-ethylpyrazine hazelnut, cacao Yang et al., 2016; Piccino et al., 2014
Furanones | - fydroxy-2,5-dimethyl-3(2h)- strawberry, caramel | Piccino et al., 2014; Toledo et al., 2016

furanone

Alcohols linalool floral, fruity Piccino et al., 2014; Toledo et al., 2016

Specialty coffee high demands on the quality of
sensory factors is confirmed in several studies,
showing that specialty coffee detects almost all
20 volatile compounds that significantly affect the
aroma composition (highlighting chocolate, fruit,
caramel flavour notes). These coffee quality defining
characteristics have positive association with coffees
which have the closest quality standards to the
specialty coffee guidelines. For example, Alex and
co-authors (2016) analysed the relationship between
three different regions of coffee in Brazil and sensory
quality attributes, and the aroma of fruit, caramel and
pleasant acidity was found in coffee whose quality
standards were the highest in accordance with the
SCAA standards.

Generally, the volatile compounds found in
coffee are furans, ketones, phenols, aldehydes,
acids, esters, pyridines, anhydrides, and nitrogen
and sulfur compounds. According to research data,
furans and their compounds are the largest class
after concentration, but pyrazines, aldehydes and
ketones are classes with the most commonly known
compounds, some of which have strong odorant
properties (Moon & Shibamoto, 2009; Piccino et al.,
2014; Yang et al., 2016; Steen et al., 2017).

Piccino and co-authors (2014) analysing aromatic
composition of coffee identified 107 compounds from
which 22 compounds were chosen as potent odorants,
for example, 2-furfurylthiol, 3-methylbutanal, 1-ethyl-
3-methylbenzene. In Table 1, important aroma, flavour
compounds are summarized in specialty coffee.

Compounds with fruity flavour odour are the
most sensitive to environmental factors of plantation,
harvesting and post-harvesting process. Linalool in
roasted coffee can be as flavour precursors, bringing
floral, fruity notes to roasted specialty coffee if the
formation process of coffee cherries is done accurately,
but by harvesting immature coffee beans linalool
concentration only increases in green coffee bean
storage as a result of oxidation process (Mondello et

al., 2005; Piccino et al., 2014; Toledo et al., 2016).

Ketones and aldehydes are characterized by
flower, fruit flavour and pleasant acidity. Fruit and
flower notes are not associated with roasted coffee, but
the latest research notes regularities that the increase
in the quality of coffee increases proportionally
volatile compounds with fruit and flower notes
(Piccino et al., 2014; Borém et al., 2016; Steen et
al,, 2017). Almond, cherry flavour is associated
with benzaldehyde, strawberry and citrus flavour
with 2-phenylacetaldehyde (Piccino et al., 2014).
If the fermentation process is not controlled during
coffee bean harvesting and the roasting process, the
desired aldehyde and ketone compounds can easily
convert into spirits and negatively change the aroma
of the coffee composition. Aldehydes and ketones
are among the most sensitive compounds and their
changes influence sensory evaluation; therefore, the
concentration of some aldehydes and ketones is an
indicator of the quality of coffee quality.

\olatile aromas are obtained during the roasting
process, for example, 2-methoxy-4-vinylphenol
(a bitter cloves aroma) is formed from two types
of reactions involving the decarboxylation of
4-vinylguaiacol as ferric acid (Moreira et al., 2012;
Cheong et al., 2013). Consequently, when ferric acid
decreases, the concentration of volatile compounds
in roasted coffee increases. Specialty coffee mainly
focuses on fruit, floral and sweet acidic notes in coffee,
which are opposite to phenolic compound aroma notes
(Piccino et al., 2014).

The sweetness and acidity is highly influenced by
organic acid balance — malic, citric and phosphoric
acid. Malic and citric acids have positive correlation
with sucrose content in coffee (Jham et al., 2007;
Borém et al., 2016). Malic acid has apple flavour, but
a sensory assessment has often been characterized
also with plum, pears and apricot flavour notes and has
been associated with a sensory quality, especially, with
a pleasant acidity (Borém et al., 2016). Citric acid is
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known for citric fruit flavour notes (lemon, lime), and
phosphoric acid is associated with a grapefruit. Lactic
acid and hexanoic acid have buttery, creamy flavour
and provide pleasant acidity (Jham et al., 2007; Moon
& Shibamoto, 2009). Various research have proven
that the amount of chlorogenic acid is lower in high-
quality roasted coffee than in low-quality roasted
coffee (Coelho et al., 2014; Tolessa et al., 2016).
Chlorogenic acid in the process of roasting is converted
into lactones which give the coffee a pleasant bitter
taste (Moreira et al., 2012; Cheong et al., 2013). If
the roasting process continues from light — medium
roast to medium-dark chlorogenic acid lactones are
transformed to phenylindanes which give strong bitter,
burning taste (Yang et al., 2016; Tolessa et al., 2016).
However, studies have been found to confirm that
it is possible to provide high-quality coffee without
losing significant levels of chlorogenic acid. For high-
quality coffee, it is necessary to ensure that defects are
turned off before roasting and chooses a light-medium
degree of roasting. The exclusion of defects reduces
the removal of unfavorable derivatives of chlorogenic
acid, but in light-medium roasted coffee, compounds
that highlight pleasant bitterness (Zanin et al., 2016).
Oliveira Fassio and co-authors (2016) confirmed that
roasted coffee from Catigua cultivar can contain high
final sensory score and higher 5-caffeoylquinic acid
concentration.

Furans, mostly associated with caramel and a spicy
flavour at light roasted coffee and bitter, spicy flavour
with increasing roast and serving temperature, for
example, furaneol is associeted with sweet caramel,
but only in light roasted coffee (Somporn et al.,
2011; Cheong et al., 2013; Bressanello et al., 2017).
Overall, furans have high odor thresholds, but high
furan concentration sets them as important flavours
for the sensory quality. Except 2-Furfurylthiol is
highly important compound for volatile composition
of coffee, because of very low odor thresholds and
high concentration in roasted coffee, with chocolate,
roasted flavour notes (Moon & Shibamoto, 2009;
Piccino et al., 2014; Kim et al., 2018).

Pyrazine compounds are characterized by nutty
flavour in roasted coffee and herbal flavour in green
coffee. The quality of coffee has a significant effect
on the pyrazine compounds, since some of the
compounds have a pleasant nutty flavor, but some
of the compounds have distinct odor characteristics
with a grass, wood flavour that affects the overall
sensory rating (Yang et al., 2016; Piccino et al., 2014).
Specialty coffee has a distinctly higher amount of
pyrazine compounds with positive flavour notes, such
as ethylpyrazine with peppermint flavour, 3-ethyl-
2,5-dimethyl-5-ethylpyrazine and 2,3-dimethyl-5-
ethylparazine with a coconut flavor (Piccino et al.,
2014; Steen et al., 2017).

Biologically active compounds

Health benefits from coffee consumption are
associated with a wide range of biologically active
compounds. Biologically active compounds in
coffee are mainly caffeine, diterpenes and phenolic
compounds. Moderate coffee consumption is
associated with reduced mortality, cardiovascular
disease risk, depression and migraine (Somporn et al.,
2011; Nuhu, 2014).

Chlorogenic acid has been demonstrated both in
vitro and in vivo studies that the antioxidant activity
and the ability to reduce the oxidative stress in
disease cells. For example, in vitro study, chlorogenic
acid form coffee eliminates DNA damage in breast
cancer cells (Nuhu, 2014). Caffeine is equated with
a reduced risk of developing metabolic syndrome
based on the fact that caffeine boosts metabolism,
energy consumption, promotes lipid oxidation and
lipolysis and promotes the thermogenesis of the body
(Ludwig et al., 2012; Nuhu, 2014). Danish scientists
concluded that cafestol can improve insulin secretion
when glucose is added and increases glucose uptake in
muscle cells at the same level as exposure antidiabetic
medicines (Carman et al., 2014; Nuhu, 2014).

Trigonelline  has  shown  hypoglycaemic,
neuroprotective and antibacterial effects. In vitro
studies have shown that trigonelline is able to stimulate
glucose metabolism and use in the synthesis of ATP
in hepatic cells (Ludwig et al., 2012). Melanoidins in
coffee brew have antibacterial activity against gram-
negative and gram-positive bacteria (Moreira et al.,
2012). The research author concluded that melanoidins
have probiotic function and could regulate gut micro
biota, promoting good gut bacteria growth (Carman et
al., 2014). The antibacterial and antioxidant functions
can be explained by the melanoidin composition of
insoluble polysaccharides and phenolic compounds.
Polysaccharides function as fiber elements and
phenolic compounds as antioxidants, though coffee
melanoidins have a lower antioxidant activity than
phenolic compounds like chlorogenic acid. It is proven
that antioxidant activity stays at the highest point in
light-medium roast level, when coffee melanoidins
start to form and the chlorogenic acid is still at high
concentration (Coelho etal., 2014; Vignoli etal., 2014).

Technical process influence on chemical composition
It is known that every physical-chemical process,
especially post-harvesting, roasting, brewing process,
can influence differently chemical composition of
coffee. Table 2 shows the most influential technical
processes to specialty coffee composition. The
harvesting and post-harvesting process is proven to
set the basic chemical composition to the green coffee
bean and also to the coffee beverage (Rendén et al.,
2014; Figueiredo et al., 2015; Fassio et al., 2017).
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Table 2

Technical process influence on biologically active and volatile compounds

Compound

Type of aroma |

Technical process

| References

Biologically active compounds

Chlorogenic acid bitter (1)* increasing roast temperature (Jeszka-Skowron et al.,
(}) increasing serving temperature 2016; Steen et al., 2017)

Trigonelline bitter (]) increasing roast temperature (Vignoli et al., 2014)

Caffeine bitter (}) increasing roast temperature Moon & Shibamoto, 2009;

Somporn et al., 2011

Coffee mellanoids bittersweet

(1)** increasing roast temperature

Coelho et al., 2014; Vignoli
etal., 2014

Kahweol, cafestol bitter (}) increasing roast temperature Aleriana et al., 2011;
Kitzberger et al., 2013;
Sridevi & Giridhar, 2016
Important specialty coffee volatile compounds
(E,E)-nona-2,4-dienal | fruity (1) longer coffee extraction period Piccino et al., 2014

(]) increasing roast temperature
(]) increasing serving temperature

(E)-B-damascenone floral (rose)

(1) longer coffee extraction period
(|) increasing roast temperature
(|) increasing serving temperature

Mestdagh et al., 2014;
Piccino et al., 2014

3-Methylbutanal chocolate

(]) increasing roast temperature

Mondello et al., 2005; Steen
etal., 2017

2-phenylacetaldehyde | floral, fruity (rose,

(1) longer coffee extraction period

Mestdagh et al., 2014;

ethylparazine

citrus) (}) increasing roast temperature Piccino et al., 2014
(]) increasing serving temperature
Malic acid apple, pear (1) increasing plant growth altitude Borém et al., 2016
(|) increasing serving temperature
2,3-dimethyl-5- coconut (]) increasing roast temperature () Piccino et al., 2014; Steen et

increasing serving temperature

al., 2017

*(]) concentration of compound is decreasing ** (1) concentration of compound is increasing.

Kahweol and cafestol concentration in C. arabica
are increasing with altitude, but C. canephora coffee
kahweol and cafestol concentration is negatively
associated with altitude (Aleriana et al., 2011;
Kitzberger et al., 2013; Sridevi & Giridhar, 2016).
Increasing roasting temperature decreases caffeine,
chlorogenic acid, trigonelline kahweol and cafestol
concentration and decreases all important specialty
coffee volatile compounds (Geromel et al., 2008;
Somporn et al., 2011; Sridevi & Giridhar, 2016).
Some of phenolic compounds in roasting process are
formed in coffee melanoidins, which is the reason
why coffee melanoidins concentration is increasing
with roasting temperature. Coffee melanoidins have a
lower antioxidant activity than phenolic compounds
like, chlorogenic acid. It is proven that an antioxidant
activity remains at the highest point in light-medium
roast level, when coffee melanoidins start to form
and the chlorogenic acid is still at high concentration.
It also slows down the bitter phenolic compound
formation (Coelho et al., 2014; Vignoli et al., 2014).

From volatile compound point of view fruity,
floral flavour notes with pleasant acidity is more in
coffee with serving temperature between 31 °C -
44 °C, phenylethanal (floral flavour) and 3-hexanone
(sweet citric flavour) is highly volatile at 45 °C in
coffee serving temperature (Kim et al., 2018). But
by increasing serving temperature from 44 °C to
56 °C chlorogenic acid content is decreasing and
forming phenolic compounds with bitter flavour
notes (Somporn et al., 2011; Steen et al., 2017
Worku et al., 2018)- Also floral, fruity flavour notes
could be influenced by extraction time of coffee
brew. Mestdagh and co-authors (2014) confirmed
that (E)-B-damascenone, 2-phenylacetaldehyde and
(E,E)-nona-2,4-dienal compounds release their aroma
flavours slower than compounds with chocolate,
roasted flavour notes. It also approves that espresso
coffee has a stronger roasted aroma, but filtered
coffee presents more fruit, acidity and floral notes
to the coffee drink (Mestdagh et al., 2014; Parenti et
al., 2014).
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Conclusions

Correctly choosing post-harvest process and
coffee bean maturity could provide a stability in non-
volatile compound composition. Roasting temperature

in coffee. All compound concentration, except coffee
melanoidins, decreases during roasting process.
Light-medium roast level could provide stability
among floral, fruity aroma, flavour notes and phenolic

significantly influences all biologically active compounds and coffee melanoidins in coffee.
compounds and important aroma, flavour volatiles
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Abstract

Vegetable processing in food industry results in significant number of by-products — peel, mark, bark, seeds still rich
in bioactive compounds. The objective of this study was to investigate the stability of total phenolic content (TPC)
and antioxidant activity after high temperature short time (HTST) extrusion cooking of a rye and oat- based matrix
with addition of apple, carrot and pumpkin by-product flour (BPF) in various amounts (5%, 10%, 15% and 20%).
Extrusion was performed with co-rotating twin-screw extruder (compression ratio 8:1) at Ltd MILZU. The main drive
of extruder was provided with a 7.5 HP motor (400 V, 3 HP, 50 cycles). Temperatures for extrusion zones were 125
°C /135 °C /145 °C. TPC was determined using the Folin Ciocalteu method. Antioxidant activity was evaluated by
free radical 2, 2-diphenyl-1-picrylhydrazyl (DPPH) antioxidant scavenging activity. TPC in cereal-based crispbread
was 62.03 + 0.15 mg GAE g DW before extrusion and 37.73 + 1.96 mg GAE g* DW after extrusion. Addition 20%
of apple BPF increased TPC in crispbread to 193.92 + 1.37, carrot BPF 171.36 + 6.97 and pumpkin BPF to 195.09
+ 4.68 mg GAE g DW after extrusion. Antioxidant activity of control (20% oats, 80% rye flour blends) sample was
0.516 + 0.192 mg TE g* DW but in samples with addition of 20% by-products, it was significantly higher reaching

0.926 + 0.05 TE g "*DW in samples with pumpkin by-products after extrusion.
Key words: antioxidants, by-products, crispbread, extrusion, total phenolic content.

Introduction

Roughly one third of the food produced in the
world for human consumption gets lost or is wasted.
It constitutes approximately 1.3 billion tonnes per
year. Around 100 million tonnes of food are wasted
annually in the EU (Vaqué, 2015). If nothing is done,
food waste could rise to over 120 million tonnes by
2020 (Turon et al., 2018). Global quantitative food
losses and waste per year are roughly 30% for cereals;
40 — 50% for root crops, fruits and vegetables (Vaqué,
2015). The amount of food lost or wasted every year
is equivalent to more than half of the world’s annual
cereals crop (2.3 billion tonnes in 2009/2010).

The vegetable and fruit processing industry
produces such by-products as peel, mark, bark,
seeds that can be used in the manufacture of other
foods. They contain a lot of biologically valuable
compounds, such as fibre, micro and macronutrients,

organic acids. Food processing waste has the potential
to be converted into useful products and utilized
as supplements for the functional ingredient for
consumers as a source of functional compounds.

Oats and rye are traditionally crops grown under
Latvian conditions, which are valuable raw materials
to produce many products, including crispbreads too.

The apple (Malus domestico) pomace is used
as a substrate in several microbial processes for the
production of organic acids, enzymes, and pigments
(Figuerola & Mar, 2005). Apple polyphenols are
frequently cited as important contributors in different
models of human chronic diseases (Elleuch et al.,
2011). Apple pomace imparts nutritional benefits in
the form of soluble dietary fibres, which are recognized
for blood cholesterol-lowering functions (Paraman
et al., 2015). The antioxidant activity of apples is
rooted in their ability to donate phenolic hydrogens

Table 1

Estimates of food waste in EU *(Stenmark et al., 2016)

Sector Food waste (mill(i:olrl ionnes) with 95% | Food waste kg ;z:elr*zerson with 95%
Primary production 9.1+£15 18+3
Processing 16.9+12.7 332
Wholesale and retail 4612 9+2
Food service, catering 105+15 21+3
Households 465+ 4.4 92+9
Total food waste 87.6 +13.7 173+ 27

*EU-28 2012 from this quantitative study. Includes food and inedible ingredients.

**Confidence interval.
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to lipid radicals, therefore generally considered to be
more potent than as a chain-breaking antioxidant for
inhibiting lipid peroxidation in food products thus
prolonging their shelf life (Jiang et al., 2001).

The carrot (Daucus carota) pomace is a by-product
obtained during carrot juice processing and rich
source of B-carotene and contains thiamine, riboflavin
and minerals (Kaur, Kaur, & Ahluwalia, 2014). Carrot
is a significant source of phytochemicals, including
phenolic compounds and carotenoids (Arscott &
Tanumihardjo, 2010).

Pumpkin (Cucurbita pepo) peel is rich in pectin
and is an excellent source of B-carotene, which the
body converts into the important antioxidant of
vitamin A. Pumpkin contains biologically active
components such as polysaccharides, proteins and
peptides, phenolic compounds, terpenoids and sterols.
Pumpkin seeds are rich in carotenoids, including lutein,
carotene, and including B-carotene too. The seed oil
is rich in unsaturated fatty acids, as linoleic, oleic,
and saturated as palmitic, and stearic acids. The oil
is also rich in vitamin E, including both y-tocopherol
and o-tocopherol (Mala, 2016). Pumpkin can also be
processed into flour, which has a longer shelf-life.

One of the usages of the by-products might be their
incorporation in the manufacture of extruded products.
The production of foodstuffs by the extrusion method
is a way to turn starchy products (grains, potatoes)
into readily available and usable products such as
breakfast cereals, pasta products, snack bars, chips.

The objective of this study was to investigate
the stability of total phenolic content (TPC) and
antioxidant activity after high temperature short time
(HTST) extrusion cooking of a rye and oat- based
matrix with addition of apple, carrot and pumpkin
by-product flour (BPF) in various amounts (5%, 10%,
15% and 20%).

Materials and Methods

The study was realised at the scientific laboratories
of the Faculty of Food Technology at Latvia University
of Life Sciences and Technologies and in JSC MILZU.

For development of crispbread as raw materials
1880 type rye flour (JSC Dobeles dzirnavnieks), oat
flour, apple pomace, seeds and peel, carrot pomace
and peel and pumpkin peel and pomace were used.

By-products obtained from local juice producers
were dried in a microwave — a vacuum dryer
“MUSON-1" (Russia) according to the developed
program. The necessary amount of microwave energy
(magnetron minutes) was calculated according to the
weight, moisture of by—products. Dried by-products
were ground to a powder by the grinder FOSS
KNIFITECTM 1095 (Germany) for 30 seconds each
grind. After that they were sieved through 2 mm sieve.
TPC content was determined in dried carrot, apple,

pumpkin by—product flour, in rye and oat flour for
crispbread production.

Control samples were prepared from rye flour,
oat flour (80: 20) and water 17%, based on the recipe
of LTD Milzu. Experimental samples were prepared
with addition of apple, carrot and pumpkin by-product
flour (BPF) 5%, 10% and 15%, 20% to dry ingredients
of cereal, a part of cereal flour was replaced.

Samples were prepared with a co-rotating twin-
screw extruder (compressionratio 8:1) at LTD MILZU.
The main drive of extruder was provided with a 7.5
HP motor (400 V, 3 HP, 50 cycles). Temperatures for
extrusion zones according to developed technologies
at LTD Milzu were 125 °C /135 °C /145 °C.

Coded samples are displayed in Table 2.

The moisture content of selected material
was determined with Memmert equipment
Modell-100-800 (Germany) according to standard
LVS EN 1SO712:2010 A.

The total phenolic content of the extruded
product extracts was determined according to the
Folin-Ciocalteu spectrophotometric method with
modifications. Extraction was performed by the
method described by Tomsone and Kruma (Tomsone
& Kruma, 2017).

Antioxidant activity of the extruded product
extracts was measured based on scavenging activity
of the stable 2, 2-diphenyl-1-picrylhydraziyl (DPPH)
radical. The radical scavenging activity was expressed
as Trolox equivalent (TE) 100g* DW of extruded
material.

All analysis was performed in triplicate, and results
are presented as a mean value + standard deviation
(SD). Statistically significant differences between
results were calculated at the level of confidence
0=0.05.

The one-way analysis of variance was analysed by
Microsoft Excel 2010.

Results and Discussion

Antioxidants are of twofold interest as for food
scientists and health professionals and there has been
a convergence of interest among researchers in these
fields as the role of antioxidants in the diet and their
impact on human health has come under attention
(Mala, Sathiya, & EKurian, 2016). Antioxidants
defend against oxidative injury and are therefore
believed to provide protection against various diseases
— different types of cancer and coronary heart diseases
(Uddin & Ahmad, 1995).

Among the most valuable bioactive compounds
in vegetable by-products peel, bark, mark seeds and
cereals are the phenolic antioxidants (Awika, 2003).

Scientists Dar, Sharma and Kumar reported a
significant decrease in total phenolic content during
barley flour extrusion (Dar, Sharma, & Kumar, 2014)
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Table 2

Composition of experimental samples

Sample Composition
Control crispbread Rye — 80%, oats — 20%
ABF5 95% — Control crispbread, 5% — ABF*
ABF10 90% — Control crispbread, 10% — ABF
ABF15 85% — Control crispbread, 15% — ABF
ABF20 80% — Control crispbread, 20% — ABF
CBF5 95% — Control crispbread, 5% — CBF**
CBF10 90% — Control crispbread, 10% — CBF
CBF15 85% — Control crispbread, 15% — CBF
CBF20 80% — Control crispbread,20% — CBF
PBF5 95% — Control crispbread, 5% — PBF***
PBF10 90% — Control crispbread, 10% — PBF
PBF15 85% — Control crispbread, 15% — PBF
PBF20 80% — Control crispbread,20% — PBF

*ABF — apple by-product flour.
**CBF - carrot by-product.
***PBF — pumpkin by-product.

while others show an increase or no change for both
phenols and antioxidant activity. Some reports also
indicate that extrusion may partly depolymerize
some high molecular weight polyphenols like
proanthocyanins into lower molecular weight forms
(Awika, 2003). A study on dark buckwheat flour
reported no changes in antioxidant activity after
extrusion at 170 °C (Nayak et al., 2011). Another study
showed a significant reduction in antioxidant activity
for 60 — 68% and for TPC 46 — 60% in extrusion of
barley flour (Altan, McCarthy, & Maskan, 2008).
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|
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TPC content was determined in dried carrot, apple,
pumpkin by-product flour, in rye and oat flour for
crispbread production.

TPC in rye flour was 71.38 + 11.01, in oats 24.64
+ 1.68, in by- product flour ranged from 132.44 +
11.88 mg of GAEg?! DW in carrots, 160.23 + 6.89
mg of GAEg?! DW in pumpkins, to 187.79 + 12.63
mg of GAEg? DW in apple by-product flour. Results
about dried pumpkin TPC reported by Priecina and
Karklina (2014) was 672.19 mg GAE 100 g* (Priecina
& Karklina, 2014). For carrots some authors show
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L
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Figure 1. TPC content in rye flour, oat flour and by-product flour.
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Figure 2. DPPH antioxidant activity in by-products, rye and oat flour.

results ranging from 331.00 to 366.00 mg GAE g'DW
(Arscott & Tanumihardjo, 2010). The difference in
results is probably due to the application of different
drying methods (Henriques, Guiné, & Barroca, 2012)
as phenolic compounds are heatliable and can break at
the exposure to high temperatures.

The polarity of plant radical scavenging
components is important factor defining extracts
antioxidant activity.

The antioxidant activity of dried by-products, using
DPPH assay, was 0.86 + 0.07 TE 100g* DW in carrots,
0.75 + 0.02 TE 100g* in pumpkin and 1.11 + 0.05
TE 100g* DW DPPH antiradical activity in apple by-

product. The DPPH is a stable free radical commonly
used to determine the radical scavenging activity or
antioxidant properties. The highest antioxidant activity
was determined in apple by- product flour as apple
by- products contain seeds rich in antioxidants and
fatty acids in comparison with peel and bark (Leyva-
Corral et al., 2016). Antioxidant activity is inhibited
by many factors, mostly the composition of phenolic
compounds in product, both phenolic compounds
and carotenoids are strong in vitro antioxidants
(Arscott & Tanumihardjo, 2010). The phytochemicals
present in apples such as carotenoids, vitamins,
flavonoids, quercetin, catechin, phloridzin and

Table 3
TPC and DPPH content in experimental samples for crispbread production
DPPH, TE 100 g* DW TPC, mg GAE-100 g* DW
Samples
before extrusion after extrusion before extrusion after extrusion

Control crispbread 0.24 £ 0.06 0.52 £ 0.09 62.03 £ 0.15 37.73+1.96
ABF5 0.28 £0.01 0.44 +£0.03 68.01 £ 0.07 78.57 £1.23
ABF10 0.32+0.04 0.58 = 0.06 74.00 £0.05 95.74 £1.89
ABF15 0.36 +£0.03 0.78 £0.07 79.98 £ 0.03 156.98 + 2.80
ABF20 0.41+0.02 0.88 +£ 0.06 85.96 £ 0.08 193.92 £ 1.37
CBF5 0.28 £0.09 0.54 +0.08 65.34£0.11 122.08 £ 3.96
CBF10 0.29 +£0.07 0.59 + 0.06 68.64 £0.11 133.47 £4.73
CBF15 0.33+0.04 0.83 £0.05 71.95+0.09 160.70 £ 2.96
CBF20 0.36 £ 0.05 0.95+0.01 75.25 £0.05 171.36 £ 6.97
PBF5 0.26 £ 0.07 0.78 £0.10 66.15+0.11 177.73 £5.09
PBF10 0.29 +£0.02 0.83+0.04 70.27 £0.13 182.32 £ 6.01
PBF15 0.31+0.05 0.88 £ 0.05 74.39 £0.09 188.28 £ 6.57
PBF20 0.34+0.08 0.93 +£0.05 78.51+£0.12 195.09 + 4.68
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Table 4
Pearson’s coefficients between TPC and antioxidant activity before and after extrusion

Correlation between group | Samples with apple BPF Samples with carrot BPF Samples with pumpkin BPF
TPCBE/TPCAE 0.98 0.98 1.00
TPCBE/DPPHBE 1.00 1.00 1.00
TPCAE/DPPHAE 0.98 0.99 0.99
DPPHBE/DPPHAE 0.98 0.98 1.00

TPCBE - TPC before extrusion

TPCAE — TPC after extrusion

DPPHBE — DPPH before extrusion

DPPHAE — DPPH after extrusion.

chlorogenic acid act as strong antioxidants compounds caused by the Maillard reaction at high

(Shanmugam et al., 2017).

TPC and DPPH were determined for experimental
samples with by-products before and after extrusion.
Temperatures for extrusion zones according to
developed technology at LTD Milzu were 125 °C /135
°C /145 °C, and water added to dry matter was 17%.
Results are shown in Table 3.

TPC content was determined before extrusion
to predict the changes of TPC activity. In oat rye
(control) crispbread TPC decreased after extrusion.
Phenolic compounds are heatliable and can break at
the exposure to high temperatures. Viscidi and others
(2004) reported a significant loss of TPC during
extrusion of oat cereals (Viscidi et al., 2004). In the
sample from rye and oats blends (80:20), — control
crispbread TPC content after extrusion decreased and
varied from 62.03 = 0.15 before extrusion to 37.73
1.96 mg GAE-100 g* after extrusion. Scientists Biel
and others have reported losses of up to approximately
60% of phenolic compounds in extruded oat samples,
compared to its respective raw sample (Biel et al.,
2011). Extrusion increased TPC for all samples with
added plant by- products (Table 3). In crispbreads with
addition 5% of pumpkin by-product TPC increased
from 66.15 + 0.11 to 177.73 + 5.09 mg GAE-100 g,
addition 5% of apple by-product to control sample
increased TPC from 68.01 + 0.07 to 78.57 + 1.23 mg
GAE-100 g after extrusion and addition 20% of ABF
increased TPC from 85.96 + 0.08 t0 193.92 + 1.37 mg
GAE-100 g*. Addition of 20% of PBF increased TPC
from 78.51 £ 0.12 mg GAE-100 g* before extrusion to
195.09 £ 4.68 mg GAE-100 g™ after extrusion.

This increase of polyphenol contents after heating
is because of the high antioxidant activity after high
temperatures during HTST process. The formation
of phenolic compounds might be because of the
availability of precursors of phenolic molecules by
non-enzymatic interconversion (Camire, 2011).
Another explanation for the higher TPC after heating
is an increased formation of anthocyanin of browning

temperatures (Basto et al., 2016).

The polarity of plant radical scavenging
components is important factor defining extracts
antioxidant activity.

The reduction in total phenolic content may be
attributed either to the decomposition of phenolic
compounds due to the high extrusion temperature.
Addition of apple, pumpkin and carrot by-products
increased the antioxidant activity in all samples
as carotenoids and phenolic compounds are the
predominant phytochemicals in all varieties of
vegetables and fruits (Konrade et al., 2016).

For all crispbread samples correlation between
groups of samples prior to extrusion and after
extrusion was very strong 0.91<r<0.99, (p<0.05). To
obtain higher TPC and DPPH, it is recommended
to add 20% of by- products but further studies are
necessary to understand how addition of by- products
to cereal crispbreads change the texture, mouthfeel,
colour and other physical and sensory features.

Conclusions

Addition of plant processing by-products increased
TPC and the antioxidant activity in all samples of rye
and oat-based crispbreads. Extrusion increased TPC
content in samples with 20% ABF to 193.92 + 1.37
mg GAE-100 g DW, with 20% CBF to 171.36 + 6.97
mg GAE-100 g* DW, 20% PBF to 195.09 + 4.68 mg
GAE-100 g* DW. Comparing the control sample, the
antioxidant activity increased after extrusion of rye
and oat-based sample when carrot and pumpkin by
products were added, except 5% apple BF decreased
TPC to 0.44 £ 0.03 mg GAE-100 g* DW probably
of different chemical composition of ABF. The
highest antioxidant activity was in samples with
carrot by-products (0.95 + 0.01 TE 100 g*DW), and
pumpkin by products 0.93 + 0.05 TE 100g™* DW 20%
addition respectively. Therefore, apple, carrot and
pumpkin by-product flour is a good source of natural
bioactive compounds and could be used as functional
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Abstract

The aim of this study was to detect radiodensity of a medial coronoid process of elbow joints with a medial coronoid
disease and normal elbow joints in dogs. The study includes 91 large and giant breed dogs at the age from 6 to
30 months. Medial coronoid disease was diagnosed in 65 dogs and 26 dogs had normal elbow joints. Computed
tomography was performed with Philips MX — 16 CT scanner and imaging data analysis performed using Horos
v.2.2.0 software. CT technical data included 140 kVp, 250 mAs, 1 second rotation time and 0.75 slice thickness.
The density of a medial coronoid process (MCP) was measured by two unrelated measurement methods. The study
describes Hounsfield unit values in different areas of MCP in normal elbow joints and in medial coronoid disease
affected joints. In 91.8% cases, MCP subchondral sclerosis observed with MCP fragmentation or fissure. We conclude
that both bone density measurement methods are suitable for veterinary diagnostic imaging and can be used to

evaluate canine elbow joints.

Key words: canine, elbow joint, computed tomography, coronoid disease.

Introduction

Medial coronoid disease (MCD) is an inherited
disorder of canine elbow joints that affects young,
large and fast-growing dog breeds such as German
shepherd dogs, Labrador retrievers, Rottweilers and
Bernese mountain dogs (Remy et al., 2004). Most
of the affected dogs clinically are recognized to live
for the first 12 months and they are lame with MCD
affected limb (Vermote et al., 2010). Because of
intermittent lameness, often MCD has been diagnosed
also in older dogs (as cited in Samoy, Gielen, & Bree,
2011). An etiology of an MCD is not fully clear despite
previous studies. It is known that MCD is an inherited
and multifactorial disease. As one of the most common
causes are considered disturbance of a medial coronoid
process (MCP) endochondral ossification and elbow
joint incongruity (Gemmill et al., 2006; Lavrijsen et
al., 2014). A medial coronoid disease characterized
by a several pathological changes — most common
fragmentation or fissuring of MCP, subchondral
sclerosis and osteophyte proliferation (Villamonte-
Chevalier et al., 2015).

Subchondral sclerosis is a thickening of a bone and
reflecting an imbalance in the rate of bone apposition
and resorption and that indicates injury of cartilage
layer injury (Hurlbeck et al., 2014). In radiology to
describe bone sclerosis a term radiodensity — opacity
to the X-ray portion of the electromagnetic spectrum
is used. It is considered that subchondral sclerosis is
an early indicator of MCD (Smith et al., 2009). MCP
sclerosis is often detected together with a blunting
at the cranial edge of the MCP. Elbow joints in most
cases are evaluated radiographically and subchondral
sclerosis is rated by visually perceptible changes
(Smith et al., 2009).

Medial coronoid process subchondral sclerosis is
often seen together with a medial coronoid disease
and mostly diagnosed with visual changes. The

aim of the study was to detect the radiodensity of a
medial coronoid process of elbow joints with a medial
coronoid disease and normal elbow joints in dogs. To
fulfill the aim, we set objectives: (1) to determine the
radiodensity (measured in Hounsfield units, HU) of
a medial coronoid process in dogs by two unrelated
methods; (2) to evaluate the effect of age, bodyweight
and breed on MCP radiodensity; (3) compare HU
between normal elbow joints and medial coronoid
disease affected joints.

Materials and Methods

The study was performed at LLU \eterinary
hospital during the time period from 2014 to 2017. The
study includes 91 large and giant breed dogs, at the age
from 6 to 30 months. Before computed tomography
(CT) scanning, all animals were clinically examined.
Examination included: (1) registration; (2) patient
history; (3) general and orthopedic examination.
All CT scans were performed by owner’s request.
Included dog breeds are presented in Table 1.

Computed tomography was performed in a
general anesthesia. Dogs were pre-anaesthetized
with medetomidine hydrochloride 0.01 mg kg?,
propofol 3mg kg! and then intubated. Anesthesia
was maintained with isoflurane 1000 mg g* and
100% oxygen. Computed tomography of elbow joints
performed with Philips MX — 16 CT scanner with
140 kVp, 250 mAs, 1 second rotation time and 0.75
slide thickness. During examination, patients were
positioned ventrodorsally with parallel extended front
limbs. After CT examination dogs were divided into
two groups: (1) dogs with a medial coronoid disease;
(2) healthy dogs. All CT results were analyzed with a
Horos v2.2.0 medical software.

Bone radiodensity was measured by two unrelated
methods. On the technique (A) MCP region of interest
(ROI) was measured as described by Villamonte et
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Table 1
Dog breeds, gender, age and bodyweight included in the study
Gender Average age Average
Breed PLC | ™ | e | female | (months) | bodyweight (kg?)
German shepherd dog 19 | 7 26 19 7 18.1 322
Labrador retriever 24 | 2 26 18 8 204 26.8
Golden retriever 3 9 12 7 5 229 29.6
Bernese mountain dogs 8 2 10 3 7 27.6 39.2
Mix breed 5 - 5 5 0 12.4 30.7
Landseer 1 - 1 0 1 22 48
Newfoundland dog 2 - 2 1 1 10 61
Rottweiler 2 - 2 1 1 8.5 22.5
Cane Corso - 3 3 2 1 13.3 427
Pyrenean mountain dog - 1 1 1 0 12 53
Central Asian shepherd dog 1 1 2 1 1 45
Bordeaux dog - 1 1 0 1 28
Total 65 | 26 91 58 33 15.75 38.2

D - dogs with a medial coronoid disease, C — control group dogs.

al. (2016). Using this method ROI values in HU were
determined in a sagittal plane at the level of MCP base
and apex. In each level HU, we determined at two
ROIs (Villamonte-Chevalier et al., 2016). The second
technique (B) was created by authors of this paper.
In a technique (B) to detect radiodensity of a medial
coronoid process, HU was measured at the level of a
medial coronoid base. To obtain the suitable sagittal
image corresponding to the MCP base, the humeral
condyle on the axial plane was used as the reference.
At this level sagittal reconstruction line was set in the
middle of humeral condyle. At the beginning in the
sagittal reconstruction two perpendicular lines were
drawn — one line (o) from ulna proximal metaphysis
caudal margin at the level of MCP to the caudal
part of the ulna. The second line () was drawn at
the level of radius epiphysis to the caudal ulna. An
area between line o and line B was our ROI in this
method. Hounsfield units in ROIs were measured
with Horos v2.2.0 software closed polygon function.
All measurements were performed excluding cortex
of the ulna.

Statistical analysis

Descriptive statistic were used to describe
computed tomography findings. ROIs average values
were compered between normal joints and MCD
joints using t-test two sample assuming unequal
variances with the significance level set at 95%
(p<0.05). Correlation analyses were performed to
evaluate the effect of age, bodyweight, and breed on
MCP radiodensity.

Results and Discussion

The medial coronoid disease we diagnosed in
65 dogs. Bilateral MCD in 42 (64.6%) dogs and 23
(25.4%) dogs had unilateral MCD. Total 107 elbow
joints were with a medial coronoid disease. In the
control group, we included 52 normal elbow joints
from 26 dogs.

Subchondral sclerosis was diagnosed in 85 elbow
joints and in 91.8% of the cases they were together with
MCP fragmentation and fissure. MCP intraarticular
fragmentation was diagnosed more often than MCP
fissure. Arthrosis we diagnosed in 27 cases and in 24
cases it was together with intraarticular medial coronoid
fragmentation. No significant correlation was detected
between MCD findings and canine age, gender, breed,
and bodyweight (r<0.2). Computed tomography
finding occurrence is presented in Figure 1.

Our study included dog breeds equivalent to
previous studies, where it is stated that German
shepherd dogs, Labrador retrievers, Golden retrievers
and Rottweilersare prevented from MCD (Hazewinkel,
2014; Morgan, Wind, & Davidson, 1999; Remy et al.,
2004). All these breeds were included in our study, with
a prevalence of German shepherd dogs and Labrador
retrievers. All included dogs in our study were up
to 30 months old, because this disease affects more
often young dogs (Remy et al., 2004). Our practical
experience shows that dogs after the three years of
age very often have secondary joint degeneration that
cannot be related with an MCD. For this reason, we
did not include dogs over three years of age. Also, we
did not include dogs under 6 months since in large
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= MCP fragment
Subchondral sclerosis

= MCP fissure
Osteophytosis

Figure 1. Computed tomography findings in dogs with a medial coronoid disease.

breed dogs MCP endochondral ossification are closing
at the age of 20 to 22 weeks (Breit, Kiinzel, & Seiler,
2004). In our study, males were more often affected
than females and that coincides with the information
available from other studies (Meyer-Lindenberg,
Fehr, & Nolte, 2006). At the control group, we tried
to provide similar proportion. Although many studies
have previously been done, it is not fully clear why
male dogs are more often affected by MCD than
female ones.

Technique (4)

According to the Villamonte et al. (2016) Hounsfield
unit measurement method, ROI 1 and ROI 2 present
HU in the MCP apex, but ROI 3 and ROI 4 HU in an
MCP base. All ROI values are presented in Table 2.

Statistical calculation results showed that between
normal joint and MCD joint ROl values there is
statistically significant difference in all ROI values
(ROI 1 p=0.002;ROI 2 p=0.0003;ROI 3 p=0.008;
ROI 4 p=0.001).

Correlation analysis presented a negative weak
correlation between ROI 1 (r=-0.37), ROI 2 (r=-0.28)
values and dog gender, but no significant correlation
(r<0.2) between the rest ROI values and dog gender,
bodyweight, age, and breed. In addition, we analysed
the correlation between ROI values and MCD findings
and found that correlation (r<0.2) between these
parameters is very weak and insignificant.

In our clinical cases, a correlation between MCP
HU and dog age, gender, breed, and bodyweight was
not observed. However, Villamonte et al. (2016) points
that in previous study Labrador retrievers had higher
HU values than Golden retrievers. We determined
that in our cases the significant difference was in all
ROI values between normal joints and MCD joints,
but the biggest difference was at the level of ROI
2 (p=0.0003). However, it does not coincide with
previous studies where the most representative region
was a medial coronoid process base (MCPB2) — ROI
4 (Villamonte et al., 2016).

Table 2
Medial coronoid process Hounsfield unit values of ROI by the first method
Joints with MCD Normal joints
Parameters right elbow left elbow Both elbows right elbow left elbow Both elbows
X +SD X+SD X +SD X +SD X +SD X +SD
ROI1 845.01 + 832.82 834.07 + 647.82 + 665.83 + 656.92 +
177.752 219.372 201.540 194.200 196.743 42.594
ROI 2 666.69 = 596.90 + 631.79 = 427.13 = 442.55 434.84 +
271.268 199.995 238.021 148.523 177.711 35.686
ROI 3 1,080.31 = 1,081.91 1,081.11 911.98 923.64 + 917.81
255.478 179.876 218.226 231.224 209.132 47.990
ROl 4 862.31+ 805.81 + 834.06 + 568.47 + 576.38 + 572.42 +
215.327 259.003 236.980 255.556 334.166 64.748
Apex 732.92 + 241.665 656.82 + 188.028
Base 957.58 + 258.278 745.11 + 306.405

X —average value, SD - standard deviation.
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Technique (B)

In the second method, HU was measured in one
area at the level of MCP base. The average HU value
in dogs with an MCD was 1058.06 + 113.831 and
306.19 £ 119.963 in normal joints. In both groups, not
significant difference (p=0.726) was detected between
right and left elbow joint. T-test results showed the
significant difference (p<0.0001) in HU between
joints with an MCD and normal joints. Correlation
analysis shows that between MCP radiodensity and
dog’s age, gender, bodyweight, and breed correlation
(r<0.2) is very weak.

Comparing the technique (A) and technique (B)
we consider that there are common and disparate
things between both methods. The main common fact
is that regardless of the method Hounsfield values
in MCD affected joints were at least 15% higher
than in healthy elbows joints in all MCP zones.
The statistically significant difference (p<0.0001)
was between the technique (A) all ROIls values and
technique (B) data. That indicates that these techniques
are not comparable between themselves and should be

Conclusions

1.

Medial coronoid process subchondral sclerosis
in our study was the most frequently diagnosed
pathology in dogs with a medial coronoid disease
and mostly encounter with a fragmentation of a
medial coronoid process and can be considered as
an early indicator of a medial coronoid disease.

A significant correlation between medial coronoid
process radiodensity and dog's age, bodyweight
and breed does not exist.

Technique (A) radiodensity measurement method
is useful in a veterinary diagnostic imaging and
can be used to distinguish subchondral sclerosis
affected joints and all ROI values are enough
sensitive to confirm diagnosis.

Technique (B) is quick and sensitive method to
determine subchondral sclerosis of dogs with
a medial coronoid process and can be used in a
clinical practice.

First and second methods are unrelated and
Hounsfield unit values cannot be compered
between.

assessed separately.
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Abstract

In dairy cows shedding of Coxiella burnetii in milk can be persistent, sporadic to absent. Persistent heavy shedder
cows are mostly highly-seropositive. Serological response due to C. burnetii antigenic phase demonstrates acute or
chronic infection (serological response to phase Il (Phll) or phase I (Phl) antigen, respectively). The aim of this study
was to detect dynamics of C. burnetii DNA in milk and phase-specific serological response. In this study, the sera
samples from 46 animals and milk samples from 34 were collected initially. Milk and sera samples from 36 animals
were collected repeatedly. Samples were collected in five herds with previous history of C. burnetii infection from
different parishes in Latvia — in 2017 and 2018. Milk samples were tested by detection of C. burnetii DNA by real-
time PCR amplification using ‘ADIAVET™ COX REALTIME’ (ADIAGENE). Sera were tested by ‘VetLine Coxiella
Phasel and Phase2 ELISA’ (NOVATEC). Three cows (9%) in the first sampling and five (14%) in second sampling
demonstrated shedding of C. burnetii DNA in milk . Six cows (13%) in the first sampling and eight (22%) in second
sampling demonstrated positive serological response to Phl. Three cows (7%) in the first sampling and one (3%) in
second sampling demonstrated a questionable serological response to Phl. Two cows (6%) in the second sampling
demonstrated a questionable serological response to Phll . In herds with previous history of C. burnetii infection the
number of animals demonstrating Phl positve serological response increases significantly (p<0.05) during six months.
In cows demonstrating positive serological response to Phl it continues and mostly remains unchanged during six

months.

Key words: Q fever, dairy cows, phase-specific antigen, shedding.

Introduction

Coxiella burnetii is an ethiological agent of
zoonosis Q fever. It is Gram negative bacteria and
appears as very short, pleomorphic rod (Babudieri,
1959; Fournier, Marrie, & Raoult, 1998). The major
mechanism whereby C. burnetii is transmitted to
humans and animals are contaminated aerosols
containing bacteria (Angelakis & Raoult, 2010).
C. burnetii are shedded from animals by birth
products, vaginal mucus, milk, urine and faeces.
No predominant shedding route has been identified
(Guatteo et al., 2006) although milk is a significant
route of shedding (Guatteo et al., 2007). In dairy cows
shedding of C. burnetii in milk can be persistent or
sporadic to absent. Persistent heavy shedder cows
are mostly persistently highly-seropositive (Guatteo
et al., 2007). Serology allows to differentiate acute
and chronic Q fever infection (Maurin et al., 1999).
Due to mutational variation of lipopolysaccharide
(LPS) in cell membrane, C. burnetii displays two
phases of antigen — phase | (Phl) and phase Il (Phll).
This is similar like rough-smooth variation in family
Enterobacteriaceae although chemical structure
of LPS from C. burnetii is different from those of
Gram negative bacteria (Amano & Williams, 1984;
Fournier, Marrie, & Raoult, 1998; Maurin et al.,
1999). Phl antigen is very infectious and corresponds
to smooth LPS. When infection occurs, Phl is poorly
internalized by monocytes and macrophages and
can survive within these cells (Maurin et al., 1999).
Due to its cell membrane structure, it can block

access of antibodies to its surface (Fournier, Marrie,
& Raoult, 1998). After internalization in host cell
C. burnetii can limit proinflammatory response and
protect itself from clearance (Sobotta et al., 2016).
This is why serological response to Phl antigen
is found only in chronic infections (Angelakis &
Raoult, 2010). Phll antigen is not very infectious,
it displays truncated LPS and corresponds to rough
LPS. When infection occurs, Phll is easily internalized
by monocytes and macrophages and rapidly killed
via the phasosomal pathway (Maurin et al., 1999).
Q fever in animals is mostly asymptomatic, including
a lack of fever (Angelakis & Raoult, 2010). Because
of difficult clinical diagnosis of Q fever, it can be
diagnosed serologically. Antibodies to Phll appear
rapidly, reach high titers in 14 days and can persist
for 10-12 weeks while antibodies to Phl develop
very slowly and presence of them characterises
chronic Q fever (Angelakis & Raoult, 2010; Maurin
et al., 1999). Animal classification based on a phase
patterns is reasonable (Lucchese et al., 2015).
Seroprevalence increases by increasing of animal’s
age (Bottcher et al., 2011). The aim of this study
was to detect dynamics of C. burnetii DNA in milk
and phase-specific serological response. This study
is a continuation of the first study ‘Shedding of
Coxiella burnetii DNA in milk and antigen phase-
specific serological response in dairy herds in Latvia’
which has been reported in conference ‘Research
and Practice in Veterinary Medicine 2017’ (Jelgava,
Latvia).
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Materials and Methods

In this study, the sera samples from 46 animals (12
pregnant heifers, 34 milking cows) and milk samples
from the same 34 milking cows were collected
initially in July and August, 2017. During the time
to next sampling 12 pregnant heifers gave birth and
became primiparous cows. Also, during this time 10
cows (four primiparous, six multiparous) were culled
for different reasons (dystocia with following paresis
of hind limbs, lameness, low milk production, ulcer
of abomasum etc). No predominant reason of culling
was observed. Milk and sera samples from 36 animals
were collected repeatedly in February, 2018. Samples
were collected in five herds with previous history
of C. burnetii infection from different parishes in
Latvia. As previous history of infection in herd was
the evidence of C. burnetii DNA in aborted fetuses.
Milk samples (approximately 20 mL) were collected
from all quarters in sterile plastic containers. Tip of
teat was cleaned using wipes impregnated with 70%
ethanol. Removing of first milk jet was done before
sampling. Blood samples (approximately 5 mL) were
collected by caudal venipuncture in sterile vacutainers
containing a clot activator. Skin was cleaned
using wipes impregnated with 70% ethanol before
puncture. Milk and blood samples were chilled until
4 °C immediately. Milk samples were frozen during
2 — 6 hours after sampling. Sera (approximately
1.5 mL) were aspirated from blood samples during
24 h and frozen. Milk and sera samples were stored
at -16 °C until analysis. Samples collected in July and
August 2017 were tested in August and September,
2017. Samples collected in February 2018 were
tested in February, 2018. To achieve the correct
diagnosis, a combination of different laboratory
methods, preferably PCR for the agent detection and
ELISA for serology is suggested (Niemczuk et al.,
2014). Milk samples were tested by detection of C.
burnetii DNA by real-time PCR amplification using
‘ADIAVET™ COX REALTIME’ (ADIAGENE).
The method used allows to quantify count of mobile
element 1S1111 of C. burnetii per 1 mL in milk. Sera
were tested by “VetLine Coxiella Phasel and Phase2
ELISA’ (NOVATEC). The method used allows to
detect positive, questionable and negative samples.
Data of dynamics of shedding and serological
response comparing the first and second sampling
were analysed using Z-test (Z Score Calculator for 2
Population Proportions).

Results and Discussion

In our study, 16 cows demonstrated at least one
of parameters detected at least once (Tablel). In
our study, three cows (9%) demonstrated shedding
of C. burnetii DNA in milk initially. One of them
demonstrated shedding repeatedly, one was culled

before repeated sampling. Three cows were shedders
only in the second sampling. In total, five cows (14%)
demonstrated shedding of C. burnetii DNA in milk
when tested the second time. There was no significant
(p>0.05) difference in the number of shedders
compared the first and second sampling. Shedding in
our study was low comparing with other studies where
it has been detected from 32% in 12 herds (Angen et
al., 2011) to 50% in five dairy herds (Guatteo et al.,
2007). In our study, six cows (13%) demonstrated
positive serological response to Phl (Phl*) initially.
Four cows out of Phl* initially demonstrated the same
serological response when tested repeatedly (one of
them became PhiI*/PhlI*-). One Phl* cow was culled
before repeated sampling, other one demonstrated
no serological response when tested repeatedly.
Four cows without serological response initially
demonstrated Phl* when tested repeatedly. In total,
eight cows (22%) were Phl* when tested repeatedly.
There were significant (p<0.05) increase of PhI*
cows comparing the first and second sampling. The
Phl*/Phll- pattern as a rare finding was described
in seven multiparous cows out of 1932 animals in
105 herds. Subsequently, five of them became
negative. In the same study PhI*/Phll- pattern
developed from pattern PhI*/Phll* in six animals
(Bottcher et al., 2011). It is in contradiction with our
finding where pattern PhI*/Phll*~ developed from
Phl*. However, no shedding of C. burnetii DNA in
milk in this study was detected. In our study, three
cows (9%) demonstrated a questionable serological
response to Phl (PhI*-) initially. One of Phl*~ cows
initially had no serological response when tested
repeatedly. Other two of them were culled before
repeated sampling. One cow (3%) demonstrated
Phl*- serological response when tested repeatedly.
No significant (p>0.05) increase of PhI*~ cows
was observed comparing the first and second
sampling. Only two cows (6%) in repeated sampling
demonstrated a questionable serological response
to Phll (Phll*-). Both of them demonstrated Phl*/
Phll*- serological pattern. To the best of our
knowledge, no reports related by questionable
phase-specific serological response to C. burnetii
antigen are available. None of cows demonstrated
serological response to Phll initially. This finding is in
contradiction with Bottcher et al., 2011 study where
serological response to Phll was a frequent finding.
In our study, it was one cow shedding C. burnetii
DNA in milk without any serological response
initially. It matches with Barberio et al., 2014 finding
where out of 36 cows shedding C. burnetii DNA in
milk, 11 had no antibodies in sera detectable by ELISA.
Shedding may not be the correct tool, especially if a
cow is suffering from new infection (Garcia-Ispierto
etal., 2013).
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Table 1

Dynamics of Coxiella burnetii DNA shedding in milk and phase-specific serological response

First sampling Second sampling
Serological response Shedding Serological response Shedding

Phl*- DNA- Ph- DNA-
Ph- DNA- Phl* DNA*
Ph- DNA- PhI*/PhIl*- DNA-
Ph- DNA- Ph- DNA*
Ph- DNA- Ph- DNA?*
Phl+- DNA* animal culled

Ph- DNA- Phl* DNA-
Phl* DNA* PhI*/Phil*- DNA-
Ph- DNA* Phi*" DNA*
Phl* DNA- Phl* DNA-
Phl* DNA- Phl* DNA-
Ph- DNA- Phl* DNA*
Phl* DNA- animal culled

Phl* DNA- Phl* DNA-
Phl* DNA- Ph- DNA-
Phl*- DNA- animal culled

DNA"* - shedding of C. burnetii in milk, DNA-— non shedding of C. burnetii in milk, Phl* — positive serological response to
C. burnetii Phase | antigen, PhI*- — questionable serological response to C. burnetii Phase | antigen, Phll*~ — questionable
serological response to C. burnetii Phll antigen, Ph~— no serological response to any of C. burnetii phase antigen.

Conclusions

The study demonstrated that Phl*- serological
response without shedding of C. burnetii in milk can
evanish completely. In cow shedding of C. burnetii
DNA in milk, serological response to Phl appears
during six months. Cows without phase-specific
serological response or shedding become shedders
with or without serological response to Ph during six
months. In herds with previous history of C. burnetii
infection, the number of shedders or animals with
serological response increases over time. The number
of animals with Phl* serological response increases
significantly (p<0.05). It indicates that infection
is active in the herd level. Pattern of serological
response Phl* which is characteristic to chronic
infection mostly stays unchanged during six months
or can change to PhI*/Phll*-. There are difficulties to
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Abstract

Ruminants produce a large amount of methane (CH,) and carbon dioxide (CO,) in their foregut. These gases cause
greenhouse effect. There are a lot of studies about different feed additives which can reduce the production of
greenhouse gases in ruminants. Prebiotics can also change the amount of bacteria in animal gastrointestinal tract
and reduce the occurrence of diarrhoea. The aim of this study was to test whether the prebiotic inulin affects the
production of CH, and CO, in calves’ rumen and whether it affects the bacteria count in the rumen fluid and bacterial
overgrowth in intestines. We used the flour of Jerusalem artichoke (Helianthus tuberosus L.) containing 50% of
inulin. Approximately fifty days old, Holstein Friesian crossbreed calves were used in this study. Eight were in the
control group, 8 received 12 g of flour and 8 received 24 g per day. On the 28" and 56™ day of the research, we
measured the amount of CH, and CO, in calves’ rumen, took rumen fluid samples for bacterial analysis and urine to
measure the level of phenol and indican. We concluded that adding the flour of Jerusalem artichoke at doses 12 g and
24 g did not significantly impact the production of CH, and CO, in calves’ rumen, the prebiotic inulin may suppress
the growth of anaerobic microorganisms in the rumen at concentration 12 g of inulin reaching 56 day of experiment.
The amount of phenol and indican in calves’ morning urine did not correlate with the faecal consistency of calves.

Key words: calves, inulin, methane, carbon dioxide, phenol, indicant.

Introduction

Greenhouse gas effect negatively affects
ecosystem in the whole world and can cause
tremendous climate changes. Unfortunately, the
development of the economic activity, including
agricultural sector, negatively affects the emission
of gases, which causes the greenhouse effect. Many
countries invest enormous resources to decrease the
greenhouse effect (Jordaan etal., 2017). After regaining
independence, Latvia took active part in reducing the
greenhouse effect by finding different solutions to
reduce these emissions in different sectors of economic
activity (Lenerts, Popluga, & Rivza, 2017).

In Latvia, greenhouse gas (GHG) emission is
actual in dairy cattle and beef cattle farms where the
emission of nitrous oxide (N,O) and methane (CH,)
can reach 83-94%, but carbon dioxide (CO,) 6 — 17%
of the total gas amount (KreiSmane, 2011).

Bérzina with her colleagues found out that, in
2012, emissions produced in agriculture sector
contributed approximately 20% of the total emissions
in Latvia and it was the second largest source of GHG
emissions (Beérzina et al., 2014). There were 393.1
thousand cattle in Latvia (2012); dairy cows were
164.6 thousand from them (Centrala..., 2013). The
most recent data show that, in 2016, the number of
cattle in Latvia rose to 412 084, dairy cows — 153 927
from them (Latvijas..., 2017), therefore, it may be
concluded that emissions have risen.

Ruminants have a stomach consisting of four
compartments; the largest is rumen with enormous
number of microorganisms providing biological
digestion processes of feed. Due to these processes,

two major gases CO, and CH, are produced in large
quantities making 65.5% and 26.8% respectively
(Chianese, Rotz, & Richard, 2009). Some of the
CO, producing microorganisms in the rumen are
Ruminococcus  albus,  Butyrivibrio  fibrisolvens
and Lachospira multiparus. Methanobacterium
ruminatium and Methanobacterium mobilis and other
methanogens produce CH, by using hydrogen (H,)
and CO, produced by other fermentative members of
the rumen microbiome (Rother & Krzycki, 2010). It is
known that CO, and H, are major precursors of CH,
(Asanuma, lwamoto, & Hino, 1999).

Although agriculture is not considered to be the
main source of CO, emissions, still CO, emissions
occur on farms, mainly due to animal respiration and
decomposition of soil organic matter (Chianese, Rotz,
& Richard, 2009). The same authors made conclusions
that CO, emission from animal respiration make up
to 90% of the total CO, emissions on a dairy farm.
Although CH, is 23 times more potent than CO,, it
still should be considered when talking about GHG
(Loh et al., 2008).

Methane production is considered an energy loss
for the host (Kristensen et al., 2011). There are a lot
of factors impacting the production of CH, in rumen,
such as animal size, growth rate, level of intake, feed
quality, genetics, and environmental temperature
(Shibata & Terada, 2010). Itisimpossible to completely
stop methanogenesis in rumen as it is the integral
component of rumen fermentation (Cengic-Dzomba,
Dzomba, & Musanovic, 2012). GHG emission may
be decreased either by increasing the productivity of
the animal through improved nutrition to produce less
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CH, per unit of meat or milk or by altering the rumen
fermentation process (Igbal et al., 2008).

The promising results of prebiotics on human health
have encouraged researchers to explore its potential
on different livestock species like cattle, sheep and
other ruminants (Fraser et al., 1998; Nabuurs, 1998).
Feed additives have the potential to improve nutrient
utilization in farm animals by modifying ruminal
microbial population and, consequently, ruminal
fermentation and digestion (McGuffey, Richardson,
& Wilkinson, 2001). Many researchers have found
that prebiotics can increase the daily weight gain in
calves and have potential to reduce CH, production
(Mwenya et al., 2004; Hasunuma et al., 2011; llgaza
et al., 2016).

The prebiotic inulin was used in the present
research. Itis a polydisperse non-starch polysaccharide
naturally occurring as a storage carbohydrate in some
36 000 species of plants. The main sources of inulin
are chicory (Cichorium intybus L.) and Jerusalem
artichoke (Helianthus tuberosus L.). Inulin is used
successfully in monogastric animals, however, there
is not enough evidence of its use in ruminants. The
process of fermentation that occurs in the large
intestines of monogastric animals is identical to that
occurring in the forestomach of ruminants (Oztiirk,
2008). Several studies have revealed that adding
inulin to the milk replacer of pre-ruminant calves
leads to significantly higher live-weight gains and
better faecal consistency (Kaufhold, Hammon, &
Blum, 2000; Verdonk & Van Leeuwen, 2004). There
is no information about the impact of inulin on the
production of CH, and CO, in the rumen of calves.

Mul (1997) found that adding oligofructose to the
milk replacer of calves resulted in improved body
weight gains, feed conversion efficiency, firmer faeces
and reduction of diarrhoea. The same results were
recorded in the study where prebiotic inulin was used
(Arne & Ilgaza, 2016). Faecal consistency may also
be affected by bacterial overgrowth in intestines. In
human medicine, the quantitative evidence of phenols
in night and morning urine with increased values is a
reliable indicator of bacterial overgrowth in intestines.
With the help of special analysis of phenol and
indican, it is furthermore possible to locate a growth
in the intestine. Phenol mainly is resorbed in the small
intestine, indican is a bacterial metabolic product,
which is resorbed in colon (Toskes, 1999; Lord &
Bralley, 2008). Acknowledging it, we asked whether
inulin supplement changes the amount of phenol and
indican in calves’ morning urine and whether these
changes are related to faecal consistency.

Phenol is formed in the bowel from amino acid
tyrosine and is eliminated to a considerable extent in
the faeces. Part of it is absorbed and excreted largely
unchanged in urine (Smith & Macfarlane, 1997).

Indican is an end-product of indole produced
when bacteria in the intestine act on the amino acid,
tryptophan. Most indoles are excreted in faeces. The
rest is absorbed, metabolized by the liver, and excreted
as indican in urine (Greenberger, Saegh, & Ruppert,
1968; Jackson, Riordan, & Neathery, 2000). Indican
is an indicator of overgrowth of anaerobic bacteria
(Greenberger, Saegh, & Ruppert, 1968).

The aim of this study was to find out how the
prebiotic inulin affects the production of CH, and CO,
in calves’ rumen on 1 kg body weight and how it affects
the bacteria count in rumen fluid and the bacterial
overgrowth in intestines. Previously it has been found
that inulin supplement positively affects calves’ live
weight gain and faecal consistency (Jonova, Ilgaza, &
Grinfelde, 2017).

Materials and Methods

The research was conducted in a dairy farm
of intensive production from July until the end of
September, 2016. The farm is located in Jelgava
district (latitude: N 56° 27°, longitude: E 23° 37°)
Latvia. Clinically healthy different sex Holstein
Friesian (Bos taurus L.) crosshbreed calves were
included in our research. Their average age was 49
+ 10 days and average weight was 79.6 + 12.82 kg.
Calves were kept in groups in a partly closed space
with natural ventilation through windows.

Eight calves were in the control group (CoG), 8
were fed with additional 12 g of flour of Jerusalem
artichoke containing 6 g of prebiotic inulin (Pre12) and
8 received 24 g of this flour containing 12 g of inulin
(Pre24). These dosages were chosen to compare the
results with the results from the previous research in a
different farm. Jerusalem artichoke contains just around
10% of inulin, but by using special technologies, the
content of inulin can be increased up to 48.5 — 50%
(Fleming & Groot, 1979). Inulin supplement, which
is used in this study, is produced in Latvia. We added
this prebiotic to barley flour once a day. All calves had
free access to water and hay and they also got whole
milk (2.5 — 3 L per calf twice a day) and a calf starter
meal (0.5 kg per calf once a day) (llgaza et al., 2016;
Jonova, Ilgaza, & Grinfelde, 2017).

The research lasted for two months (56 days).
Methane and carbon dioxide were measured by using
cavity ring down spectroscopy device Picarro G2508
connected in the closed circulation system with 1 L
chamber and external zero leaching vacuum pump.
The air samples from calves’ rumens were collected
on the 28" and 56 day of the research. Each sample
of calves’ rumen gas was taken in syringes with 20 mL
volume by puncturing the rumen at the point where
the gas accumulation was visually noticed. 10 mL of
calf’s rumen gas were injected in the chamber with air
and measured for 180 s.
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The rumen fluid was obtained by puncturing the
rumen at a lower point and aspirating the fluid in the
syringe 2 h after feeding. Then samples were securely
closed to maintain an anaerobic environment and
frozen at —80 °C. The count of anaerobic bacteria
in rumen fluid was determined by growing viable
anaerobic bacteria from rumen fluid samples at
10 dilution on plate count agar. Petri dishes were
incubated in anaerobic conditions at +37 °C for 3 days.
Bacteria colonies were counted, and bacteria count
in one millilitre of rumen fluid was mathematically
calculated and converted to logarithmic scale.
Testing was performed in Latvia University of Life
Sciences and Technologies, Scientific Laboratory of
Biotechnology, Department of Molecular Biology and
Microbiology.

The urine was collected early in the morning
before feeding by catching urine flow in the middle.
The samples were stored in special urine vacutainers
with preservative to keep it stable and kept in a dark
place. Samples were sent to Laboklin laboratory in
Germany for testing for phenol and indican (indicators
for bacterial overgrowth in small intestines) by using
standardized chemical photometric method.

On the 28" and 56" day of the research faecal
consistency was evaluated. Faeces were scored for
physical shape as 1: firm; 2: slightly loose; 3: loose; 4:
watery (Larson et al., 1977).

The assumption of normal data distribution was
assessed by Shapiro-Wilk’s test and visual inspection
of their histograms, normal Q-Q plots and box plots.
The assumption of homogeneity of variances was
tested by Levene’s test. Box plots detected presence
of outliers. To determine whether there were any
statistically significant differences among three or
more independent groups, one-way ANOVA (with
Tukey post hoc test) (if the data were normally
distributed, homogeneous and without outliers) was
used. Otherwise, the data were analysed using the
Kruskal — Wallis H test with pairwise comparisons
using Dunn’s (1964) procedure with a Bonferroni
adjustment. To determine if there was a statistically
significant monotonic trend between an ordinal
independent variable and a continuous variable the
Jonckheere-Terpstra test was used, however, it does
not inform how strong this trend might be. Therefore,
Kendall’s tau-b (tb) was used as a measure of
effect size (Kraska-Miller, 2014). Those tests were
carried out using SPSS Statistics version 22 (IBM
Corporation, Chicago, Illinois). All statistical analyses
were performed at the significance level of a=0.05.

Results and Discussion

In this study it was found out that the production
of CH, on 1 kg body weight on the 28™ day of the
research was the highest in Prel2 but the lowest in

Pre24 (11.9 £ 2.94 mg m=® and 9.2 £ 1.06 mg m?,
respectively), but in CoG - 10.1 + 2.46 mg m?, the
situation changed at the end of the research, the lowest
production of CH, on 1 kg body weight now was in
CoG, but the highest in Pre24 (7.2 £ 1.68 mg m= and
9.1 £ 2.45 mg m*®, respectively), but in Pre12 - 8.0 +
1.53 mg m=3). Similar tendency was observed about
CO,. The highest CO, production on 1 kg body weight
on the 28" day of the research was in Pre12, but it was
the lowest in Pre24 (49.1 + 10.54 mg m= and 39.0 +
8.81 mg m3, respectively), but in CoG — 42.9 £ 6.98
mg m3. On the 56" day of the research the highest
CO, production on 1 kg body weight was observed
in groups fed with additional inulin supplement,
but the lowest in CoG (Prel2 — 46.1 + 8.52 mg m=,
Pre24 — 43.4 £ 11.12 mg m= and CoG - 39.1 + 10.93
mg m=3). Numerous studies show that prebiotics can
reduce the production of CH,. For example, galacto-
oligosaccharides can reduce the production of CH, up
to 11% (Mwenya et al., 2004). Our results are contrary,
the analysis of production of CH, and CO, on 1 kg
body weight showed that there were no significant
outliers, data were normally distributed for each
group, and there was homogeneity of variances. The
one-way ANOVA showed that there was no significant
difference between experimental and control groups
(p>0.05). It means that adding the flour of Jerusalem
artichoke at doses 12 g and 24 g does not significantly
influence the production of CH, and CO, in calves’
rumen. We suggest that other dosages of inulin or
other feed additives should be chosen for mitigation
of GHG.

A lot of microorganisms living in the rumen use
prebiotics as the source of energy (Samanta et al.,
2013). Bunce, Howard & Kerley (1995) found that
the inclusion of prebiotic oligosaccharides into the
diet of calves reduces the population of total anaerobes
in the gut.

Data of the present study showed that the count
of anaerobic bacteria in rumen fluid was not normally
distributed, however, conversion to logarithmic scale
has made data normally distributed. A Welch t-test
was run to determine if there were differences in log of
anaerobic bacteria between experimental and control
groups due to the assumption of homogeneity of
variances being violated, as assessed by Levene’s test
for equality of variances (F (5.42) = 7.224, p<0.001).

The Tukey post hoc test showed that the log
of anaerobic bacteria was significantly lower in
experimental group Pre24 on 56" day comparing to
CoG on the 28" and 56" day and Pre24 on the 28" day
and Prel2 on the 28" day (p<0.05) (Fig 1.).

The rumen only starts to grow at 2-3 weeks of
age and its growth will continue until about 6 months.
Calves can be called full-ruminants at 12 weeks of age
when their rumen has fully developed and calves are
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Figure 1. The amount of viable anaerobic microorganisms in the rumen fluid on different sampling days.

able to eat and digest dry food at the level of adult
ruminants (Govil et al., 2017). Ruminant animals
harbor a complex microbial community consisting of
a diverse array of anaerobic microbes in the rumen
(Fathallh Eida et al., 2012). These microorganisms
interact with one another and take part in the
systematic digestion of fibrous plant material, which
they anaerobically ferment into end products later
used as energy sources by the host (Martin, Morgavi,
& Doreau, 2010). Our results suggest that the
prebiatic inulin may suppress the growth of anaerobic
microorganisms in the rumen at concentration 12 g of
inulin reaching the 56" day of experiment.

Median of phenol in calves’ morning urine in
three study groups was 681.1 mg dL* for CoG (n=9),
675.0 mg dL* for Prel2 (n=7) and 384.5 mg dL™ for
Pre24 (n=8). A Jonckheere-Terpstra test determined
that there was a statistically significant decreasing
monotonic trend in median of phenol in calves’
morning urine, p= 0.032. Kendall’s 7, between study
groups and phenol level was -0.353 (moderate effect
size). Median of indican in calves’ morning urine in
three study groups was 40.0 mg dL™ for CoG (n=9),
20.0 mg dL* for Pre12 (n=7) and 10 mg dL for Pre24
(n=8). A Jonckheere-Terpstra test determined that there
was a statistically significant decreasing monotonic
trend in median of indican in calves’ morning urine,
p= 0.002. Kendall’s 7, between study groups and
indican level was -0.534 (strong effect size). It means
that there is moderate negative association between
dosage of inulin and phenol in calves’ morning urine,
as well as strong negative association between dosage
of inulin and indican in calves’ morning urine. The
level of indican and phenol in the urine decreases with
a higher dosage of inulin.

Hidaka et al. (1986) supplemented rat diets with
short-chain fructooligosaccharides and observed that
concentrations of phenols in urine samples decreased,
whereas the concentration of indican did not change.
Those data only partly coincide with our results,
because we recorded decrease of both phenol and
indican.

These two substances — indican and phenol
are considered to be the indicators of the bacterial
overgrowth in the intestines and can affect the faecal
consistency in humans and monogastric animals
(Toskes, 1999; Lord & Bralley, 2008). Although
during the implementation of this study, changes in
the amount of phenol and indican were observed, these
changes were not related to the faecal consistency
(p>0.05). On the 28" day recorded results were as
follows in Pre12 Me = 2 (IQR 1.25 — 2.75), Pre24 Me
=1 (IQR1-2),CoG Me =2 (IQR 1-2) and on the 56
day: in Prel2 Me =2 (IQR 1 - 2), Pre24 Me = 2 (IQR
1-2), CoG Me =1 (IQR 1 - 2). Faecal consistency
shows that faeces were quite firm in all groups on
sampling days and the difference between scores
was not significant. However, we cannot confirm
that the bacterial overgrowth in the intestines has any
connection with the level of phenol and indican in the
calves’ urine.

Conclusions

1. The flour of Jerusalem artichoke at doses 12 g and
24 g does not reduce the production of CH, and
CO, in calves’ rumen at age 49 + 10 days.

2. The prebiotic inulin may suppress the growth
of anaerobic microorganisms in the rumen at
concentration 12 g of inulin reaching the 56" day
of experiment.
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Abstract

Thisarticle describes the results of a pre-clinical study of immunogenicity and effectiveness of an inactivated pandemic
vaccine (Refluvac®) on model mice. Mice received two 0.5 ml intraperitoneal inoculations with an interval of 14 days
in three doses: containing 10.0, 5.0 and 2.5 pg HA (hemagglutinin) per animal. As a comparator preparation, the study
used a semi-finished product (SP) vaccine diluted with phosphate buffered saline (PBS) to obtain HA concentrations
of 5 pug and 10 pg. For a control group, the study used PBS as the negative control. We determined the vaccine’s
protective effectiveness level by analyzing its response in animals challenged with a pandemic A/California/7/09
(HIN1) pdm09 virus.

We assessed the immunogenicity of the vaccine by examining the mean geometric titre (GMT) of antibodies against
the influenza virus as measured by hemagglutination-inhibition test (HAI). In the course of testing the GMT, we
noted a dependence of the concentration of antibodies in serum on the vaccine’s antigen load. The highest GMT was
observed in the group of mice vaccinated with a HA load of 10.0 pg — it amounted to 278.6 (95% CI, 135.6 to 572.4).
We established a high tolerability of the vaccine tested. Our study shows that Refluvac® yields a high degree of
protectivity against influenza A/HIN1 and prevents clinical signs, death or accumulation of influenza virus in the
organs of vaccinated animals. There were deaths and clinical signs including general depression, hypodynamia and
anorexia in the negative control group. The results of our study were used for the clinical study of the first Kazakhstan-

produced Refluvac® vaccine against pandemic A/HINT1 influenza virus.
Key words: Influenza A/HINI, vaccine, safety, immunogenicity, mice.

Introduction

Influenza viruses can infect humans, swine and
birds; and swine have long been considered a potential
source of new influenza viruses capable of affecting
people (Munster et al., 2009). The emergence and
circulation of new influenza virus type A/HINlyv,
a triple reassortant, caused mass infections in 214
countries and made WHO declare the 6" phase of
pandemic alert, meaning the start a pandemic, in 2009
(Zimmer & Burke, 2009).

The danger of A/HIN1 stems primarily from the
lack of immunity to this virus type in most people
and, hence, its ability to spread widely and cause
severe conditions in those infected. Such a high
potential of the virus is attributed to its mutability
due to a segmented negative single-stranded mMRNA
(Webster et al., 1992). The segmented genome serves
as a basis for gene reassortion in mixed infections that
can lead to new virus variants. It is considered that
the influenza antigen shift most often takes place in
swine,which can become infected with human and
avian influenza simultaneously and thus produce new
dangerous viruses (Webster, 1998). Human influenza
genes give the new virus variant (reassortant) an
ability to infect humans, while avian and swine
influenza genes make the reassortant capable of
causing severe conditions in humans by affecting
rapidly both the upper and lower airways (Lipatov

et al., 2004). The lack of immunity to such viruses
in humans facilitates a fast spread of the infection.
Every year, Kazakhstan reports over 1 million cases
of acute respiratory diseases and influenza, which at
times take the form of epidemic outbreaks, occurring
with varying intensity from October to January. In
2006 — 2007, the National Sanitary Epidemiological
Service of Kazakhstan Ministry of Health isolated 19
strains of influenza type B and A (H1N1). Given the
significant prevalence of influenza and the threat of it
penetrating into Kazakhstan, prevention and effective
control of the infection are impossible without nation-
wide immunization compaigns. Seasonal influenza
prevention campaigns immunize up to 500 thousand
people, around 3.4% of the country’s population,
annually. Vaccination coverage varies from 6.8% to
10.2% among urban population and from 1.6% to 2.5%
of the rural population. According to specialists, the
influenza immunization coverage should be increased
to 15 — 20% of the country’s population with priority
given to risk groups to create the necessary protective
threshold (Hickling & D’Hondt, 2006).

No new vaccine is absolutely safe and not all of its
risks can be identified before it becomes commercially
available. The use of vaccines in clinical practice
requires rigorous evidence of their safety and
effectiveness. To secure such evidence, there are
established procedures of research, the most important
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of them being the assessment of immunogenicity and
preventive effectiveness in mouse models against
a controlled and lethal infection with the principal
virus strain in the vaccine tested. Therefore, the goal
of this study was to examine the immunogenicity of
a double inoculation with Refluvac® and assess the
preventive effectiveness of the vaccine in mouse
models challenged with A/HIN1 virus.

This study examines Refluvac®, an inactivated,
adjuvant-based, pandemic vaccine for A/HIN1v
influenza virus, developed jointly by Research
Institute for Biological Safety Problems (RIBSP) of
Kazakhstan and Influenza Research Institute of the
Russian Federation to provide specific prevention of
A/N1IN1v. Refluvac® is an inactivated, whole-virion
influenza monovaccine with an aluminun hydroxide
adjuvant. The preparation was produced based on
the NIBRG-121xp vaccine strain obtained from the
National Institute of Biological Standards and Control
(NIBSC, United Kingdom). The vaccine strain was
produced through reverse genetic engineering and
contains HA (hemagglutinin) and NA (neuraminidasa)
protein genes of A/California/7/2009 (H1N1)v
influenza virus and protein genes PA, PB1, PB2, NP,
M and NS from the high-yield A/PR/8/34 influenza
virus strain. The strain is recommended by WHO for
making inactivated vaccines against AHIN1v. The
vaccine was produced at the industrial facilities of
RIBSP.

Materials and Methods
Vaccine

Samples of Refluvac® were prepared at
RIBSP using NIBRG-121xp strain (code NIBSC:
09/166) produced by NIBSC (United Kingdom)
by reverse genetic engineering from influenza
viruses A/California/7/2009 (HIN1) pdm09 and A/
PR/8/34(H1N1). We cultivated the vaccine virus
in 10 — 11 days’ old SPF embryos (Loman-Tirtsuht,
Germany) for 72 hours at 37 °C. We then inactivated
the viruses by incubating them with formaldehyde
(Sigma, Germany) at 37 °C. We adsorbed the purified
virus concentrate on aluminum hydroxide (Alhydrogel
solution) wusing aluminum ions (Brenntag). We
developed a monovalent pandemic vaccine using
a technology for whole-virion candidate vaccines
adsorbed on aluminum hydroxide. In scaling up this
technology, we used new approaches to purifying
virus-containic allantoic fluid, making it possible
to obtain a viral concentrate with lower ovalbumin
content. We assessed the vaccine’s quality parameters
in accordance with specifications provided by the
manufacturer’s Pharmacopeia. The vaccine was then
handed over for an assessment of immunogenicity and
effectiveness against influenza virus in an experiment
involving a double vaccination of animals.

Animals

We used 18 — 22 g female BALB/C mice (n=180) to
test the immunogenicity and preventive effectiveness
of three experimental Refluvac® vaccine series. The
experimental animals were grouped randomly. The
randomization criteria used in the study was the
absence of external signs of disease and the groups’
homogeneity in terms of the animals’ body weight
(£ 20%).

Assessment of immunogenicity and preventative
effectiveness in mouse models challenged with
influenza virus after double vaccination

Each vaccine preparation series was tested in
three doses: 10 pg, 5 ug and 2.5 ug of hemagglutinin
per animal. As a comparator agent we used a semi-
finished Refluvac® vaccine product with no aluminum
hydroxide or merthiolate containing 10 pg of HA per
animal. We used PBS for negative control (pH=7.2) as
the control group (n=15).

Animals were immunized twice by intraperitoneal
introduction of 0.5 ml vaccine. The interval between
the two immunizations equaled 14 days.

On the 14" day after the second vaccination, we
collected blood samples to assess the immunogenicity
by examining influenza antibodies using hemagglutinin
inhibition test (HAI) (Anderson et al., 2012). Blood
samples were taken from the tail vein (5 mice/group).

To test animal blood serum for assessing the
vaccine’s immunogenicity, we used influenza virus
strain A/California/7/09 (H1N1) pdm09. We removed
non-specific inhibitors from serum samples by treating
them with a receptor-destroying enzyme from Vibrio
cholerae (Denka Seiken Co. Ltd., Japan). We added
eight hemagglutinating NIBRG-121xp viral units to
serial dilutions of the tested serum samples in PBS and
incubated this mixture at 37 °C for 30 minutes. We
then added a 0.5% suspension of chicken red blood
cells and performed sedimentation. We determined the
antibody titre based on the highest serum dilution that
inhibitied viral hemagglutination. The detection limit
of the HAI test was 10. We analyzed the significance
of difference in GMT between the groups using the
Turkey multiple comparison test with 95% CI.

We then assessed the preventative effectiveness of
Refluvac® in model animals after two immunizations.
To do this, we challenged mice with influenza A/
California/7/09 (HIN1) pdmQ9 strain, which is
capable of causing lethal influenza in mice (Bosch et
al., 2010). Before challenging mice, we determined the
LD50 of the epizootic wild strain. To do it, we made
10x dilutions of the virus in buffered saline solution
from 10 — 1 to 10 — 9 and infected mice intranasally
with 0.3 ml under light ether anaesthesia. We then
observed the mice for clinical signs for 14 days. We
calcuated the LD50 using the Reed and Muench

272

RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1



ASSESSMENT OF THE IMMUNOGENICITY
AND PROTECTIVE EFFECTIVENESS OF
REFLUVAC®IN MICE CHALLENGED WITH A
PANDEMIC A/HIN1 INFLUENZA

Ainur Nurpeisova, Markhabat Kassenov,
Amanzhol Makbuz, Abylay Sansyzbay,
Anda Valdovska, Berik Khairullin

method (Reed & Muench, 1938). We then challenged
mice with the epizootic strain of avian influenza A/
California/7/09 (H1IN1) pdm09. We introducted the
virus into anaesthesized animals intranasally, 30 ul
suspension in a dose of 10°°TID,; (9.0 MLD,) virus
per animal. All tests involving pandemic virus were
conducted in BSL-3 (Bio Safety Laboratory, level 3)
environment. We observed the mice for 14 days for
clinical signs, including daily body weight checks.

We also analyzed the challenged animals’ body
weight dynamics throughout the whole observation
period and the necropsy of mice in the control group
that died.

Statistical Analysis

We performed the statistical analysis of the whole
experiment using GraphPad Prism Software, version
6.0 (GraphPad Software Inc., CA, USA) and StatSoft
software, version 12. We analyzed the statistically
significant dose-dependent differences between
groups (weight, GMT) using the One-way analysis
(Dunnett’s test). We analyzed the survivability of
challenged mice using the Logrank test.

Results and Discussion
Vaccine s immunogenicity in mice

Immunoprotectivity studies are a requirement for
developing seasonal and pandemic influenza vaccines
(Krammer et al., 2014).

We planned this study in a way that we could
supplement our previous research (Tabynov et al.,
2012) where we tested the vaccine’s immunogenicity
and effectiveness in ferrets. In that previous research
we used vaccine samples with 3.75, 7.5 and 15.0 g of
viral hemagglutinin. The results, which are published
in this article, show that a two-time vaccination for A/
H1N1 provides protection against the infection. The
influenza infection is similar in ferrets and humans

in terms of the symptoms, course of disease, viral
circulation within the body and humoral immune
response (Langlois, 2005; Gustin et al., 2011; Belser,
Katz, & Tumpey, 2011; Pearce et al., 2012). According
to literature, mice, along with ferrets, are often used in
experiments on influenza vaccines’ immunogenicity
(Margine & Krammer, 2014; Thangavel & Bouvier,
2014; Scallan, Lindbloom, & Tucker, 2016).

In this study, we assessed the immunogenicity
of Refluvac® in mice after a double vaccination. It
should be noted that the GMT as measured in HAI test
was dependent on HA concentration in the vaccine.
The GMT in test animals were within the following
ranges: 60.6 (95% CI, 22.73 to 161.8) for vaccines
with a HA concentration of 2.5 pg/dose; 91.9 (95% Cl,
20.0 to 160.0) for vaccines with a HA concentration
of 5.0 ug/dose; 278.6 (95% ClI, 135.6 to 572.4) for
vaccines with a HA concentration of 10.0 pg/dose;
while the concentration of antibodies in response to
the semi-finished product of the vaccine tested with
a HA load of 10.0 equaled 45.95 (95% CI, 22.36 to
94.4), (Fig. 1).

It indicates that all the tested vaccine samples
provide a high level of immunogenicity (Fig. 1).
There is a significant difference in GMT between
mice inoculated with the tested vaccine samples
having an HA concentration of 2.5 pg per dose and the
control group inoculated with PBS (P=0.01). We also
observed a significant difference between the group
immunized with a 5.0 ug HA vaccine and the group
inoculated with a 10.0 ug HA vaccine (P=0.001).
Also, the group inoculated with a HA concentration
of 10.0 pg had a significantly different GMT from the
control group inoculated with PBS (P=0.0001). The
difference in immunogenicity between test groups
was insignificant. The study also showed the serum
antibody level’s dependence on the antigen load of the
vaccine.
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Figure 1. The results Refluvac® immunogenicity assessment in HAI depending on the HA antigen load of the
vaccine tested (2.5 pg, 5.0 pg and 10.0 pg). Means are reported with standard errors (SEM).
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Figure 2. Assessment of Refluvac® protective effectiveness. (4) Body weight of experimental animals in
grams (mean value). (B) Analysis of percentage variance in the body weight of experimental animals after
challenge (using One-way analysis and Dunnett s test). (C) The survival rate of the challenged mice as
observed during a 14-day period; comparison of the survival curves of all vaccinated groups and the control
group (Logrank test). All test groups showed significant difference to the control group (P<0.05).

The most important stage in this study was to
assess the protective features of the inactivated vaccine
depending on the adjuvant used (Hehme et al., 2004).
The study showed that (Fig. 2) all inactivated vaccine
samples, whether adjuvant was used or not, provided
a valid protection (P<0.05) of vaccinated mice from
influenza A/HIN1. In our research, where mice were
challenged with an epizootic virus, we observed that
all tested doses of Refluvac® and its semi-finished
product made from it provide a strong level of
protection, prevent influenza clinical signs and deaths
of vaccinated animals.

Weight loss was seen after the two immunizations
in all groups. However, in spite of a slight loss at the
beginning, by the end of observation all groups gained
weight.

An analysis of body weight loss dynamics in
challenged mice showed that mice vaccinated with
Refluvac®, irrespective of the antigen load, developed
a slight loss of weight during the observation period
(14 days), but gained 2.7 g to 3.7 g by the end of it.
Maximum weight gained was in mice inoculated with
higher doses of the vaccine.

Similar dynamics was noted in mice vaccinated
with the comparator agent; however, by the end of
the experiment the weight gain in this group was
insignificant and amounted to 0.8 g.

Mice in the control group, because of pronounced
clinical signs including loss of appetite, started to lose
body weight 4 days after challenge and showed the
peak loss on the day 7 (-3.9 g).

The desired effect of vaccination is to elicit
protective immune responses against infection with
pathogenic agents (Jang & Seong, 2013; Music et al.,
2016). This experiment demonstrated that Refluvac®
provides effective protection in challenged animals
(Fig.2 C). The death rate in the control group was
100%. Before death, animals manifested signs of
hypodynamia, dishevelled hair, tachypnea and lack of
appetite. Mice in the negative control group began to
die on the 4th day of the experiment. The same signs
and deaths were observed with the group of mice
immunized with the semi-finished Refluvac® vaccine
(HA of 10 HA per animal), but the deaths in this case
started on the sixth day of observation.

The necropsy of mice in the control group that
died on the 4" to 8" day after being infected with A/
California/7/09 (H1IN1) pdmQ9 strain revealed signs
of acute congestive hyperemia of lungs, subcutaneous
tissues, liver, kidneys; acute enteritis, and petechial
hemorrhages in the mucosa of the small bowel in some
mice — all of which are typical of acute infection.

Our study of the immunoprotectivity of Refluvac®,
an inactivated, adjuvant-based, pandemic vaccine for
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HIN1 influenza virus, introduced intraperitoneally
in mice shows that the vaccine provides adequate
immunogenicity and protection from A/H1N1
influenza virus.

Conclusions

Vaccine’s immunogenicity demonstrates
that Refluvac® yields strong immunogenicity in
vaccinated mice inducing a high antibody titre against
influenza virus A/HIN1, whose hemagglutinin
features in the NIBRG-121x vaccine strain. The
highest GMT results as measured by HAI test were
in mice inoculated with the 10.0 pg HA vaccine; their
titre as measured by HAI amounted to 278.6 (95%
Cl, 135.6 to 572.4). We also noted that the GMT is
dependent on the dosage and presence of adjuvant in
the preparation. The adjuvant used in the vaccines was
aluminum hydroxide. Aluminum hydroxide enhances
the vaccines’ effectiveness to a large extent and
allows for a maximum reduction of the antigen dose,

thus reducing the vaccine’s reactogenicity (ability to
produce adverse reactions).

Our results demonstrate that Refluvac® is effective
for A/HIN1 influenza virus and produces a specific
immune response to A/HIN1 in mouse models. After
two intraperitoneal vaccinations of mice, all test
doses of Refluvac® (2.5 pg, 5.0 pg and 10.0 pg of
HA per mouse) induced protective immunity. This
was evidenced by a 100% survivability of animals
after being challenged with A/California/7/09 (HIN1)
pdm09 influenza virus and absence of external signs
of disease or loss of body weight. The group of mice
inoculated with Refluvac® semi-finished product with
a HA dose of 10 ug/mouse also developed protective
immunity but showed external signs of disease and
had and insignificant number of animal deaths. The
results of this study along with previous research
helped us select the optimal HA dose ensuring a
strong immunity and provide grounds to recommend
this preparation for further clinical studies.

References

1.

10.

11.

12.

Anderson, T., Crawford, P., Katz, J., Dubovi, E., Landolt, G., & Gibbs, E. (2012). Diagnostic performance
of the canine influenza A virus subtype H3N8 hemagglutination inhibition assay. Journal of Veterinary
Diagnostic Investigation, 24(3), 499-508. DOI: 10.1177/1040638712440992.

Belser, J., Katz, J., & Tumpey, T. (2011). The ferret as a model organism to study influenza A virus infection.
Disease Models & Mechanisms 4(5), 575-579. DOI: 10.1242/dmm.007823.

Bosch, B., Bodewes, R., de Vries, R., Kreijtz, J., Bartelink, W., van Amerongen, G., Rimmelzwaan, G.,
de Haan, C., Osterhaus, A., & Rottier, P. (2010). Recombinant soluble, multimeric HA and NA exhibit
distinctive types of protection against pandemic swine-origin 2009 A (HIN1) influenza virus infection in
ferrets. Journal of Virology, 84(19), 10366—10374. DOI: 10.1128/JVI1.01035-10.

Cox, J., & Coulter, A. (1997). Adjuvants a classification and review of their modes of action. Vaccine.
15(3). 248-256.

Gustin, K., Belser, J., Wadford, D., Pearce, M., Katz, J., Tumpey, T., & Maines, T. (2011). Influenza virus
aerosol exposure and analytical system for ferrets. Proceeding National Academy Sciences of United
States of America, 108(20), 8432-8437. DOI: 10.1073/pnas.1100768108.

Hehme, N., Engelmann, H., Kuenzel, W., Neumeier, E., & Saenger, R. (2004). Immunogenicity of a
monovalent, aluminum-adjuvanted influenza whole virus vaccine for pandemic use. Virus Research,
103(1-2), 163-171. DOI: 10.1016/j.virusres.2004.02.029.

Jang, Y., & Seong, B. (2013). Cross-protective immune responses elicited by live attenuated influenza
vaccines. Yonsei Medical Journal, 54(2), 271-82. DOI: 10.3349/ymj.2013.54.2.271.

Krammer, F., Albrecht, R., Tan, G., Margine, 1., Hai, R., Schmolke, M., Runstadler, J., Andrews, S., Wilson,
P, Cox, R., Treanor, J., Garcia-Sastre, A., & Palese, P. (2014). Divergent H7 Immunogens Offer Protection
from H7N9 Virus Challenge. Journal of Virology, 88(8), 3976-3985. DOI: 10.1128/JV1.03095-13.
Langlois, 1. (2005). Viral diseases of ferrets. Veterinary Clinics Exotic Animal Practice, 8(1), 139-160.
DOI: 10.1016/j.cvex.2004.09.008.

Lipatov, A., Govorkova, E., Webby, R., Ozaki, H., Peiris, M., Guan, Y., Poon, L., & Webster, R. (2004).
Influenza: emergence and control. Journal of Virology, 78(17), 8951-8959. DOI: 10.1128/JVI1.78.17.8951-
8959.2004.

Margine, 1., & Krammer, F. (2014). Animal Models for Influenza Viruses: Implications for Universal
Vaccine Development. Pathogens, 3(4), 845-874. DOI: 10.3390/pathogens3040845.

Munster, V., de Wit, E., van den Brand, J., Herfst, S., Schrauwen, E., Bestebroer, T., van de Vijver,
D., Boucher, C., Koopmans, M., Rimmelzwaan, G., Kuiken, T., Osterhaus, A., & Fouchier, R. (2009).
Pathogenesis and transmission of swine-origin 2009 A (HIN1) influenza virus in ferrets. Science,
325(5939), 481-483. DOI: 10.1126/science.1177127.

RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1

275



ASSESSMENT OF THE IMMUNOGENICITY

Ainur Nurpeisova, Markhabat Kassenov, AND PROTECTIVE EFFECTIVENESS OF
Amanzhol Makbuz, Abylay Sansyzbay, REFLUVAC®IN MICE CHALLENGED WITH A
Anda Valdovska, Berik Khairullin PANDEMIC A/HIN1 INFLUENZA
13. Music, N., Reber, A., Kim, M., York, I., & Kang, S., (2016). Supplementation of HLN1pdmO09 split vaccine

14.

15.

16.

17.

18.

19.

20.

21.

22.

with heterologoustandem repeat M2e5x virus-like particles confers improvedcross-protection in ferrets.
Vaccine, 34(4), 466-473. DOI: 10.1016/j.

Pearce, M., Belser, J., Gustin, K., Pappas, C., Houser, K., Sun, X., Maines, T., Pantin-Jackwood, M., Katz,
J., & Tumpey, T. (2012). Seasonal trivalent inactivated influenza vaccine protects against 1918 Spanish
influenza virus infection in ferrets. Journal of Virology, 86(13), 7118-7125. DOI: 10.1128/JVI.00674-12.

Reed, L.J., & Muench, H. (1938). A simple method of estimating fifty percent endpoints. Journal of
Epidemiology, 27, 493-497.

Scallan, C., Lindbloom, J., & Tucker, S. (2016). Oral Modeling of an Adenovirus-Based Quadrivalent
Influenza Vaccine in Ferrets and Mice. Infectious Diseases Therapy, 5(2), 165—183. DOI: 10.1007/s40121-
016-0108-z.

Tabynov, K., Kydyrbayev, Zh., Sansyzbay, A, Khairullin, B., Ryskeldinova, S., Assanzhanova, N.,
Kozhamkulov, Y., & Inkarbekov, D. (2012). Immunogenic and protective properties of the first Kazakhstan
vaccine against pandemic influenza A (HIN1) pdm09 in ferrets. Virologica sinica, 27(6), 345-352. DOI:
10.1007/s12250-012-3272-7.

Thangavel, R., & Bouvier, N. (2014). Animal models for influenza virus pathogenesis, transmission, and
immunology. Journal of Immunological Methods, 410, 60-79. DOI: 10.1016/j.jim.2014.03.023.

Webster, R. (1998). Influenza: an emerging disease. Emerging Infectious Diseases, 4(3), 436-441. DOI:
10.3201/eid0403.980325.

Webster, R., Bean, W., Gorman, O., Chambers, T., & Kawaoka, Y. (1992). Evolution and ecology of
influenza A viruses. Microbial Reviews, 56(1), 152—-179. PMCID: PMC372859.

Hickling, J., & D’Hondt, E. (2006). WHO. A review of production technologies for influenza virus vaccines,
and their suitability for deployment in developing countries for influenza pandemic preparedness. Initiative
for Vaccine Research. Geneva, Switzerland. 76 p.

Zimmer, S., & Burke, D. (2009). Historical perspective — emergence of influenza A (HIN1) viruses. New
England Journal of Medicine, 361(3), 279-285. DOI: 10.1056/NEJMra0904322.

276

RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 1



	International Scientific Conference "Research for Rural Development 2018".  Research for Rural Development 2018 : annual 24th International Scientific Conference Proceedings, Jelgava : Latvia University of Life Sciences and Technologies, 2018. 276 pages. ISSN 1691-4031. ONLINE ISSN 2255-923X.
	FOREWORD
	CONTENTS
	Renars Felcis. TRANSLATION OF EXPERIENCE AND KNOWLEDGE IN PRIVATE FOREST OWNERS’ NETWORKS
	Raimonds Bermanis, Inga Straupe, Andra Zvirbule. PARAMETERS FOR AREAS OF PRE-COMMERCIAL THINNINGS CONDUCTED IN PRIVATE FORESTS DURING 2007 – 2017
	Alexander Dobrovolsky, Oleg Antonov. THE FEATURES OF LIME STANDS ON PERMANENT RESEARCH PLOTS IN
LENINGRAD REGION
	Aldis Butlers, Jānis Ivanovs. IMPROVED ACTIVITY DATA FOR ACCOUNTING GREENHOUSE GAS EMISSIONS DUE TO MANAGEMENT OF WETLANDS
	Endijs Bāders, Mārtiņš Lūkins, Juris Zariņš, Oskars Krišāns, Āris Jansons, Jurģis Jansons. RECENT LAND COVER CHANGES IN LATVIA
	Antons Seleznovs, Dagnis Dubrovskis, Salvis Dagis, Ingus Smits, Raivis Baltmanis. USE OF THE LIDAR COMBINED FOREST INVENTORY IN THE ESTIMATION OF FELLING SITE STOCKS
	Agris Zimelis, Santa Kalēja, Solveiga Luguza. FACTORS AFFECTING PRODUCTIVITY OF MACHINED LOGGING IN THINNING USING SMALL SIZE FOREST MACHINES
	Karlis Dumins, Dagnija Lazdina. FOREST REGENERATION QUALITY – FACTORS AFFECTING FIRST YEAR SURVIVAL OF PLANTED TREES
	Iveta Desaine, Endijs Bāders, Juris Katrevičs, Jānis Smilga, Jānis Jansons. CHARACTERISTIC OF BROWSING DAMAGES IN NORWAY SPRUCE STANDS
	Guntars Šņepsts, Zane Bigača, Iveta Desaine, Jurģis Jansons, Jānis Donis, Kārlis Strēlnieks, Andis Adamovičs, Oskars Krišāns. CHARACTERISTICS OF DAMAGES IN NORWAY SPRUCE STANDS
	Olga Miezite, Jelena Ruba. SANITARY STATE OF NATURALLY AND ARTIFICIALLY REGENERATED
PICEA ABIES (L.) H.KARST YOUNG STANDS
IN OXALIDOSA
	Andis Antons, Dace Cirule, Anrijs Verovkins, Edgars Kuka. EFFECT OF THERMAL TREATMENT ON PHYSICAL AND MECHANICAL PROPERTIES OF BIRCH AND PINE WOOD
	Dace Cirule, Edgars Kuka, Anrijs Verovkins, Ingeborga Andersone. RESTRICTION OF LIQUID WATER SPREADING IN OVERLAID PLYWOOD TOP VENEER
	Sergey Janusz, Dmitry Danilov. DENSITY OF WOOD OF PINE AND SPRUCE IN THE POSTAGROGENIC SOIL OF THE BOREAL ZONE
	Zanete Zommere, Ilze Irbe, Juris Grinins, Sanita Rudzite, Vizma Nikolajeva. ORGANOCLAY ADDITIVE FOR PLYWOOD PROTECTION AGAINST BROWN AND WHITE ROT FUNGI
	Agris Zalcmanis, Kaspars Zudrags, Guntis Japiņš. BIRCH PLYWOOD SAMPLE TENSION AND BENDING PROPERTY INVESTIGATION
AND VALIDATION IN SOLIDWORKS ENVIRONMENT
	Inga Straupe, Līga Liepa. THE RELATION OF GREEN INFRASTRUCTURE AND TOURISM
IN URBAN ECOSYSTEM
	Natalia Belyaeva, Dmitry Danilov. DEVELOPMENT OF UNDERGROWTH PHENOLOGICAL SPRUCE FORMS IN
DIFFERENT SPECIES COMPOSITION OF FOREST STANDS
	Dmitry Danilov, Natalia Belyaeva, Dmitry Zaytcev. DENSITY OF WOOD OF PINE-TREE AND SPRUCE IN THE MIXED MATURE FORESTS OF THE NORTH-WEST RUSSIA BOREAL ZONE
	Dmitry Danilov, Natalia Belyaeva, Sergey Janusz. STRUCTURE OF MATURE MIXED PINE-AND-SPRUCE STANDS ON POSTAGROGENIC LANDS IN LENINGRAD REGION, RUSSIA
	Antanina Stankevičienė. PREVALENCE AND DIVERSITY OF UREDINALES FUNGI AT URBAN GREENERIES IN LITHUANIA
	Vilija Snieškienė, Antanina Stankevičienė. PHYTOPHTHORA GENUS PATHOGENS ISOLATED FROM
RHODODENDRONS IN LITHUANIA

	Stefanija Misevičienė. VARIATION OF ORGANIC MATTER CONCENTRATIONS IN STREAM WATER IN MANURE FERTILIZED FIELDS
	Jānis Kalniņš, Guna Petaja. EFFECTIVENESS OF SEDIMENTATION PONDS IN FOREST DRAINAGE 
SYSTEMS IN HEAVY RAIN PERIODS
	Kristine Vugule, Arturs Mengots, Ilze Stokmane. ROAD LANDSCAPE MODELLING

	Daiva Tiškutė-Memgaudienė. CHANGES OF THE FOREST LAND AREA AND SPATIAL STRUCTURE IN URBAN LANDSCAPES OF LITHUANIA
	Giedrė Ivavičiūtė. THE CHANGE OF FORESTS AND THEIR AREA IN LITHUANIA
	Vita Cintina, Vivita Pukite. ANALYSIS OF INFLUENCING FACTORS OF USE OF AGRICULTURAL LAND

	Kristine Valujeva, Juris Burlakovs
, Inga Grinfelde, Jovita Pilecka, Yahya Jani, William Hogland. PHYTOREMEDIATION AS TOOL FOR PREVENTION OF CONTAMINANT FLOW TO HYDROLOGICAL SYSTEMS
	Karlis Banis. COMPUTATIONAL FLUID DYNAMICS PRESSURE WAVE AND FLOW RATE ANALYSIS OF INTAKE RUNNER DESIGN IN INTERNAL COMBUSTION ENGINE
	Aldis Pecka, Vitalijs Osadcuks. CONCEPTUAL DESIGN OF MODULAR MULTI FUNCTIONAL  AGRICULTURAL MOBILE ROBOT
	Janis Galins, Aigars Laizans, Ainars Galins. INCREASING CYCLONE EFFICIENCY BY USING A SEPARATOR PLATE

	Avo Karus, Virge Karus. FOOD RESEARCH OPPORTUNITIES AND CHALLENGES: METHODS IN FOOD
SAFETY AND FUNCTIONAL FOOD DEVELOPMENT: A REVIEW

	Marika Liepa, Svetlana Baltrukova, Jelena Zagorska, Ruta Galoburda. SURVIVAL OF PATHOGENS IN HIGH PRESSURE PROCESSED MILK
	Svetlana Vasiljeva, Nataliya Basova, Galina Smirnova. DISTURBANCE OF THE FUNCTIONALITY IN IMMUNOCOMPETENT ORGANS 
OF CHICKENS DUE TO ACCUMULATION OF CADMIUM
	Sanita Sazonova, Ruta Galoburda, Ilze Gramatina, Evita Straumite. HIGH PRESSURE EFFECT ON THE SENSORY AND PHYSICAL ATTRIBUTES OF PORK
	Inga Sarenkova, Inga Ciprovica. THE CURRENT STATUS AND FUTURE PERSPECTIVES OF LACTOBIONIC ACID PRODUCTION: A REVIEW
	Ilze Laukalēja, Zanda Krūma. QUALITY OF SPECIALTY COFFEE: BALANCE BETWEEN AROMA, FLAVOUR 
AND BIOLOGICALLY ACTIVE COMPOUND COMPOSITION: REVIEW
	Daiga Konrade, Dace Klava. RYE AND OAT CRISPBREAD IMPROVEMENT WITH BIOLOGICALLY ACTIVE 
SUBSTANCES FROM PLANT BY-PRODUCTS
	Armands Vekšins, Oskars Kozinda. RADIODENSITY OF MEDIAL CORONOID PROCESS IN DOGS
	Guna Ringa-Karahona, Vita Antane, Lelde Grantina-Ievina, Zanete Steingolde, Julija Trofimova. DYNAMICS OF COXIELLA BURNETII DNA IN MILK AND PHASE-SPECIFIC SEROLOGICAL RESPONSE IN DAIRY COWS
	Sintija Jonova, Aija Ilgaza, Inga Grinfelde
, Maksims Zolovs. IMPACT OF INULIN ON PRODUCTION OF METHANE, CARBON DIOXIDE AND GASTROINTESTINAL CANAL FUNCTIONALITY IN CALVES
	Ainur Nurpeisova, Markhabat Kassenov, Amanzhol Makbuz, Abylay Sansyzbay, Anda Valdovska, Berik Khairullin. ASSESSMENT OF THE IMMUNOGENICITY AND PROTECTIVE EFFECTIVENESS OF 
REFLUVAC® IN MICE CHALLENGED WITH A PANDEMIC A/H1N1 INFLUENZA



