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ABSTRACT

We examined the etiology and pathogenesis of the widespread desiccation of
forest plantations. We classified factors and causations that contribute to the
weakening and desiccating of woody plants and recommended a model that
explains the pathogenesis and the phenomenon of mass extinction of trees in forest

lands.
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INTRODUCTION

First of all,it should be notedthat there was a massive drying out of trees in
plantations observed earlier in the nineteen than twentieth centuries [2, 5, 6, 7, 13].
Over time,the frequency of this desiccation has been increased due to the number
of artificially developed forest. This event reached a large scale overall. For
somespecies, particularly oak, it becamemore common withtrees of different ages

(11,33 and100-year), which coincides with cycles linked to increased solar
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activity[1, 5, 6, 8].A particular concern of forester sais steady increase in the area
of desiccated and degraded plantation sand the substantial increase in solid and
sanitary selective logging. In some regions of the country such as the Carpathians,
the mass drying of spruce approached the level of disaster. In professional circles,
there is a wide variety ofopinions (often polar) on its cause sand appropriateness.
There is also varying opinions about the organization a land silvicultural measures
to reduce the loss of forest industry and its effect on the national economy. There
fore, more than ever, the need for timely synthesis of the view sand current
perspectives on the causes (etiology) and pathogenesis (the study of the mechanism
of the disease, its flow and the final result) for the drying plants is needed.
OBJECTIVES: The necessity for greater knowledge about the essence of
this negative phenomenon and the study of strategies and tactics to reduce the size

and scope of this phenomenon is also crucial.

DATA AND METHODOLOGY

During the research, we analyzed the main scientific publications of the last
century [2, 5, 6, 7, 8, 13]. Those studies highlighted different aspects of the
phenomenon of mass extinction of forest-forming trees. The scientists used the
results of their research with the drying groves within the green zone in Kyiv for
the last 80years of the last century [5, 6, 8]. To achieve this goal, both general
scientific methods of knowledge (analysis, synthesis, comparison) and

conventional forestry techniques were utilized in their studies and evaluation [4].

STATE OF ISSUE

Considering the problem of massive drying, remember that drying trees in
plantations are also found in natural forests and are integral in the genesis of both
natural and artificial plants. There fore, each case must clearly identify the etiology
and pathogenesis of adverse events, which are the mass extinction of trees, or
natural processes, which are destruction associated with competition,

differentiation and drying in the plantation forests.



The doctrine of theetiology ofdiseases andthe causes of deathof biological
objectshas a long history, which has supporters for both monofactor and polyfactor
theories. The monofactor concept originates from the word monokauzalizm which
means one factor; and the polyfactor concept derives from kondicionalizm which is
manyfactors. In recent years,there is a new trend. This trend is called
constitutionalism, which seeks in finding the causes of diseases, determining their
extent and analyzing these factors as part of a whole system in which they appear
and develop. For example, in medical practice in determining the etiology of the
disease is as know as "risk factors". This approach allows physicians to identify
conditions from among possible defined causes that promote or directly are related
to the appearance of the disease. Typically, these circumstances are the first signs
that contribute to the development of the disease. They canals be seen as a
necessary precondition, and as individual links in a chain of the pathogenesis of the
disease.

Over the years of the research, the scientists attempted to explain the nature
of the etiology and pathogenesis of the desiccation and degradation of forests, and
they identified two models.A study in 1981 attempted to explain the nature of the
etiology and pathogenesis of desiccation and degradation of forests through a
process the author calls a chain model (Houston, 1981).[14] This model ex plains
the process of mass extinction from alternating influence of various factors.
Initially, stress factors weaken healthy trees, so that they become vulnerable to a
second stage which is damage by pests and vulnerability to pathogens that leads to
the process of desiccation.

The second model is known as spiral and was developed by M. Manion
(Manion, 1991) [15]. It divides all the causes of tree withering into three groups of
factors that act in parallel-series. First of all, weakening factors influence trees and
plantations over extended periods of time. Those factors are gradually weakening
the trees but the symptoms of degradation are not apparent. Then the stress factors
of the second group begin their influence. They, the author believes, do not

consistently impact the tress but their affect initiates the desiccation of weakened



trees and plants. Desiccated trees and plantings are subject to the harmful factors of
the third group of causes that are mainly biotic, and this leads to their final death.
None of these existing scientific concepts give an exhaustive answer on the
etiology and pathogenesis that lead to the deterioration and desiccation of forests.
There is no scientific evidence-based method of afforestation and existing
preventive measures that would help to lessen the massive desiccation of forests or

to reduce its size and scope.

RESULTS AND DISCUSSION

The basic terms used to develop concepts on the causes and pathogenesis of
mass extinction of oak trees and the construction of a model of negative effects
are:

o The law of passing sequence of phases (stages) of forest stands during
their genesis (change of the forest or forest change), which is often ignored in
practice. An example is the creation of coniferous forest plantations in areas
wherein nature they should be preceded by planting pioneer species;

o An axiom on the harmony of the natural processes of forest
ecosystems, the foundation of which is the principle of adequacy, the essence is
determined from the forest science postulate: "... in order to success fully maintain
forest stands in a certain environments, its composition and form must be
harmonious with the complexity of the natural environment" [10];

o A quote by professor Z.S. Holovyanko that healthy fluids of woody
plants are "poison” for pests and pathogens[2];

o The professor H.F. Morozova’s assertion is "...any kind of intrusion
into the woods, even the most rational, will always be a violation of the dynamic
equilibrium, which is found in nature and natural forests in particular. This
Imbalance appears primarily in the weakening of the biologically sustainability of

plantations"[9];



o A definition by the academician M.A. Golubets that the most powerful
disturbing factors in forest ecosystems are anthropogenic factors. These factors
define and modify the composition, structure and form of forest plantation sand
affect their systemic connection sand functional properties [3].

In the compilation of data about the etiology and pathogenesis features, we
took into account the massive desiccation of trees and the intensity of forest
management in Ukraine in the nineteenth to twenty first centuries. This is a
strategy of active forest restoration. Forest plantations dominated and still continue
to dominate in the strategy’s structure. A large portion of artificially restored and
newly established plantations, in some years, reached 80% of all the techniques
used. Based on the basic observations, it is not difficult to show the impact of
anthropogenic factors (positive or negative) on the biological stability. It is most
evident inartificial plantations, both directly and indirectly. The direct use included
various methods of propagation (seeding, planting), using specific planting
material (seeds, seedlings with un damaged and injured root system), and justified
or unjustified introduction of mixing types (wood, wood-shadow or tree-shrub).
Lastly, the indirect affect through the adjustment of abiotic and biotic factors
within forest ecosystems.

Professor P.G. Kalnogo and his colleagues conducted long-term studies in
1970 to 1980 on the causes and characteristics of the drying stands of oak in the
Polissya and Forest-Steppe of Ukraine [8, 11]. This study supported Kalnogo’s
concept of etiology and pathogenesis on the desiccation of forests which is an
adverse natural phenomena. We divided all factors that cause the desiccation of
forests by their characteristics, their sequential impact, and their specific values
into three groups:

1. Circumstancesleading to weakening andother risk factors fordisease;

2. Etiofactors or root causes of desiccation;

3. Catalystsfor tree andwoodland death.



Circumstances leading to weakening and risk factors cause the loss of
Immunity, reducing the biological stability and weakening of individual trees or
plants in general. Depending on their origin, they can be divided into biotic factors,
abiotic conditions, and human impact. The factors of anthropogenic impact
primarily belong to forestry activities and in particular silvicultural work. They
largely determine propagation, primary tree density, dominant tree species,
composition, structure and shape of the future forest stands. All these factors have
an enduring impact on the systematic relations between the various components of
ecosystems and their functional properties. This approach suggests the causes of
weakening, which marked the beginning of the modern degradation of forests in
Ukraine. More than half of Ukrainian forests are man-made and include errors and
miscalculations in reforestation and afforestation in the past. This occurred
particularly due to the predominance of silvicultural priorities that emphasized
profit over the best practices which would have benefitted the biology and ecology
of the forest. Among the particularly significant circumstances of weakening and
risk factors are:

o Use for chopping wood, preparing silvicultural areas and cultivation
methods. These significantly degrade conditions for the growth of planted crops in
unnatural changes of the forest ecosystems from forest woody vegetation to grassy
in fields, meadows, and ruderal, due to clear cutting. It should be noted that forest
ecosystems are characterized by forest change rather than changes in woody
formations such as grass. This decreases fertility of the upper layers of sod-
podzolic and podzolic soils by applying partial cultivation furrows. This helps to
prevent weeds from growing through removal of the grooves from the humus layer
or mixing it;

o Ignoring planting of seeds as a natural reproductive forest approach in
the propagation of forests such as groves of pine, beech and spruce. It is not always
justified use to create planting material with injured root system primarily such as

taproot species of oak and others;



o Poor planting techniques of seedlings for permanent placement with
no respect for depth of planting and unnatural transformations of the root system
(flattening, bending roots, etc.);

o Using seed grown plant material for reforestation and afforestation
that are grown in unsuitable climatic zones. For instance, use of spruce cultures
deriving from warmer, dryer lands in Transcarpathia for planting in the colder
weather of the Carpathians;

o Not taking into account the peculiarities of the genesis of native stands
which violate the law of sequence of passing phases of forest ecosystems. It
includes planting in areas without forest biomes such as more arable lands. In
addition, it comprises of not planting pioneer trees such as birch, alder, and
willows that restore the forest environments better than cultures of pine and spruce;

. Not providing the proper environment for dominant spices during the
first stages in the development of forest communities because of their low initial
density in cultures or natural regeneration and formation. There fore, this is
violation of the principle of adequacy and the unity of the forest and environment;

o Formation of same-aged stands of the main species within indigenous
forests which have trees of many different ages. The best examples of these forest
stands are spruce and beech forest;

o Genetically selected artificially recreated forest communities which do
not occur in natural forest stands. This process uses seeds collected from individual
trees and selects the best specimens from the process of inspection and removes
smaller trees;

o Significant reduction of biological diversity within the forest
communities compared with characteristic native forest stands at the species and
coenotic levels;

o Excessive recreational use, hay production and grazing resulting in
deterioration of water and the physical properties of soil;

o Global climate change (warming) and others.



The above and similar elements that result in the weakening and other risk
factors contribute to the diminishing of immunity and weakening of individual
trees or whole forest communities. In the absence of the negative impact of these
etiofactors that are root causes, the performance of trees and forest plantations over
extended periods of time lessens greatly. There fore, it is important to identify the
exact etiofactors that lead to the process of mass deterioration and death of trees.
This helps to prevent, eliminate or reduce all these effects which can significantly
decrease this harmful phenomenon.

The root cause or etiofactors of mass desiccation of individual trees or stands
leads to the risk of lowered immunity and less biological stability. These can be
abiotic, biotic and anthropogenic factors. The result of these is the beginning of a
pathological process that becomes a disease that affects the bark of woody plant
sand gives its life. Consequently, they are causing different types of drying and
dying trees. Among the abiotic factors the most typical are:

e Long-term greater than 45 day spring and early summer droughts for two or
more consecutive years which are uncharacteristic for a particular region;

e A sharp drop or rise the ground water level due to various reasons;

e Prolonged frost sand abnormally low temperature during a woody plants
growth period;

e Variations in solar activity.

Less significant root causes of mass deterioration and death of trees and
forest are the biotic and anthropogenic factors. Biotic factors such as insect damage
may be extremely destructive/

Among anthropogenic factors leading to the mass withering trees are the
adverse changes in the environment and in habitat conditions due to professional
errors during forest operations. These errors lead to the disruption of the
homeostatic relationships between the individual components of forest ecosystems
such as excessive liquefaction, untimely logging, farming and high recreational

use.



It should be noted that the aforementioned root causes leading to desiccation,
affect weakened trees and plantings to much greater extent than healthy growing in
the same conditions. Thus, during the drying of trees in groves within the green
zone in Kyiv in the late 1970s there was a sharp drop in groundwater and an
uncharacteristic early spring and summer long drought that caused a mass
desiccation of oak trees with out taproots in plantations established as seedlings,
and planted at close 60 cm densities, whereas in natural forest stands and seed
crops established by sowing acorns, which have inherent tap roots, there was no
observing of mass extinction.

Catalyst factors contribute to the mass desiccation of forest-forming species.
It should be noted these factors do not alone cause the massive desiccation of
forests and even in the weakening of trees. They do, however, significantly
accelerate the disease process. Among these catalyst factors are:

. Damaged by pathogens such as myco and microorganisms and
systemic functional disorders like traheomikozy, honey agaric, root and pine
sponges;

o A set of secondary threats from insects that are mainly tree damaging;

o Weakening and interruption of the natural homeostatic relationships
that exist between the individual components of forest ecosystems. This is due to
the loss of much of the attributes, characteristics and properties of forest

gcosystem.

CONCLUSIONS
An understanding and use the above factors which affect the etiology and
pathogenesis of widespread desiccation of trees and forest-forming plant species
will greatly mitigate the effects of this phenomenon. There should be proactively
applied science-based forest management plans that prevent the above listed
circumstances of weakening and risk. This will prevent the manifestation and root

causesof tree desiccation and death and minimize the negative consequences of this



pathogenesis and, subsequently, preserve a valuable resource at a lower

environmental and social cost.
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We examined the etiology and pathogenesis of the widespread desiccation of
forest plantations. We classified factors and causations that contribute to the
weakening and desiccating of woody plants and recommended a model that
explains the pathogenesis and the phenomenon of mass extinction of trees in forest
lands.
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