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Abstract. The article focuses on the original approaches to the divi-
sion of woody plant populations into individual structural groups — cohorts:
seedlings, plantlets, small undergrowth, medium undergrowth, large un-
dergrowth, young and generative trees of the tree layer. It is shown that
the peculiarities of the natural reforestation process are indicative of the
six generalizing models. One of them (Isp-Usml-Tym) corresponds to the
renewal, which begins with the formation of seedlings of forest-forming
species under the forest canopy that gradually reach the level of forest
stand and generative ontogenetic state, gaining the ability to form the next
cycle of natural reforestation. The other five (I-Usml-Ty, I-Usml, I-Usm,
I-Us, 1) characterize the situation where natural reforestation is not cyclical
due to the fact that individuals of young generation cease to develop and
exist before their transition to a generative ontogenetic state. The expedi-
ency of application of the vitality analysis to evaluate cohorts is justified.
The authors’ approaches to the study of the dynamics of vitality structure
of cohorts by the stages of natural reforestation are proposed. The vital-
ity structure of Pinus sylvestris L. cohorts formed in different forest site
conditions of Left-Bank Polissia of Ukraine and its change by the stages
of natural reforestation are described in detail. It is proved that in various
models of natural reforestation the vitality cohort structure acts as a separate
and very dynamic characteristic. The change in the characteristic features
of the vitality structure by the stages of natural reforestation in P. sylvestris
is very diverse. Despite the fact that the P. sylvestris cohorts of different
groups of associations vary significantly by vitality parameters, there are
clearly defined patterns in change in values of the quality index and vitality
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structure on simple gradients of the major ecological-coenotic factors. The
vitality parameters of P. sylvestris cohorts are a response to the influence of
a number of ecological and coenotic factors inherent in a particular habitat.
The dynamics of vitality structure is manifested in the wide-scale imple-
mentation of its spatial and temporal variability and flexibility. On the terri-
tory of the Left-Bank Polissia of Ukraine, Pinus sylvestris is mainly domi-
nated by the models of incomplete natural reforestation.

1. Introduction

In the vegetation cover of the Earth, forests play a leading role by the
occupied area and significance. An important component of the functioning
of forest communities is natural reforestation [4; 5; 9; 11]. It is a complex,
long and multi-stage process, during which individuals of a new generation
of forest-forming species undergo the qualitative and quantitative changes
that ensure a consistent transition of these plants from one tree layer to the
other and their achievement of the level of forest stand.

As of today, the interactions and transformations that are crucial both for
undergoing each individual stage of reforestation and forming a continuous
flow of generations of forest-forming species, and, finally, for ensuring the
sustainable existence and operation of forest phytocoenoses, have not been
fully clarified yet. Their study is an urgent scientific problem that is of great
practical importance and requires the application of classical and modern
biological methods. Among them, the ecological-coenotic approach and
population studies are distinguished by a high level of information content.
An important component of the latter is the vitality analysis.

The goal of the paper is to reveal the essence of the latest approaches to
the assessment of natural reforestation, which are based on the application
of vitality analysis, and to highlight the aspects of their implementation on
the example of one of the key forest-forming species of Ukraine — Pinus
sylvestris L.

2. Basic general methodological aspects of the study
of natural reforestation
Following the results of our studies of the natural reforestation process
conducted for more than ten years, we have developed a system of divi-
sion of woody plant populations into structural intra-population groups —
cohorts. It is based on the undergrowth and tree recording technique adopted
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in forestry and supplemented by the assessment of the size of plants, their
ontogenetic state and position in the architectonics of the forest ecosystem.
The following cohorts are distinguished in the populations of the major
forest-forming species:

1. Seedlings. These are the plants that appear in spring of the current year.
A characteristic feature of individuals of the species with epigeal germination
is the presence of cotyledons, and with hypogeal germination — cataphylls.
Asusual, these plants are found in the above-soil layer below the main canopy
of leaf cover of the herbaceous and subshrub layer. In some of phytocoenoses,
seedlings are at the level of a moss layer. In the generally accepted system of
discrete description of ontogenesis they correspond to the category “p”.

2. Plantlets. These are mostly 1- to 3-year-old plants. They have true
leaves, predominantly of a juvenile type. Depending on a tree species, they
are mostly found under a canopy of leaf cover of the herbaceous and sub-
shrub layer or occupy its lower part. By the ontogenetic state this group is
mixed and may include individuals of the category “p” and juvenile indi-
viduals of the category “j”.

3. Small undergrowth. This is a cohort of plants, which is located entirely
in the herbaceous and subshrub layer of forest phytocoenosis. Individuals
are up to 50 cm, rarely — up to 60-70 cm in height. Their root system is sur-
face. The calendar age ranges from 3-5 years to decades. By the ontogenetic
state these are juvenile or immature individuals, and in adverse environ-
mental conditions, even the so-called quasi-senile (“stump plants™).

4. Medium undergrowth. The plants of this cohort “emerge” from the
herbaceous and subshrub layer and “are embedded” in the undergrowth
layer. The individuals of the middle undergrowth are mainly from 0.5 m to
2.5 m in height. By the calendar age they are very different: 10-11 and more
years. These are predominantly immature, less commonly, virginile plants.
All of them are characterized by a fairly rapid growth in height.

5. Large undergrowth. Individuals of a cohort of large undergrowth are
in the undergrowth layer. Compared with small and medium undergrowth,
their root system is located in the deeper soil layers. They are mostly plants
with a height of 2.5 to 8.0 m. Their calendar age is usually more than
20-25 years (depending on species).

6. Young trees of the upper layer of the forest are in a state of “being
embedded” in a tree layer of the forest stand. These are the virginile indi-
viduals, which are a little lower than the main canopy of the forest stand.
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7. Mature trees (generative trees) of the upper layer of the forest. This
cohort consists of plants of gl — g3 states. It also includes the subsenile
individuals, which still retain reproductive ability. The height and age of
trees are determined by their species.

When making the general characterization, the cohorts 1-6 were con-
sidered as the young generation of one or another forest-forming species,
and the cohorts 3-5 as its undergrowth. Each of the cohorts, as a structural
intra-population group, is characterized by certain differences in the state
of the individuals included in its composition. This is the basis for con-
ducting the population-based studies and, in particular, the vitality analysis,
in relation to them. It provides an assessment of the vitality of individu-
als by morphological characteristics, followed by the determination of the
ratio of a number of individuals of different vitality in the population. The
theoretical basis and vitality analysis algorithm have been formulated by
Yu.A. Zlobin [1-3].

3. Use of the vitality analysis to study natural reforestation

The unconditional advantage of the vitality analysis is that it excludes
a subjective approach and enables to obtain the unified data on the vital-
ity of individuals and their populations by 1-3 morphological character-
istics determined based on the methods of mathematical statistics. The
definition of key morphological parameters, that is, the indicators that
are the objective quantitative reflection of the vitality level, is the most
important and demanding stage of the vitality analysis. As usual, it pro-
vides for implementing the following stages of the calculation procedure:
1. The selection of morphological parameters with the highest level
of variation; 2. The application of factor analysis to these indicators;
3. The assessment of the level of correlation relationships between all dimen-
sional indicators and the formation of correlation pleiads; 4. The comparison
of the results of factor and correlation solutions; 5. The interpretation of the
obtained data based on biological and ecological rules and regularities.

On the basis of theoretical generalizations, the vitality analysis of
P. sylvestris trees as the major forest-forming species of Left-Bank Polissia
of Ukraine, as well as large and medium undergrowth was made in our
work based on such key morphological parameters as the height of indi-
viduals and the diameter of their trunk. This analysis was applied to trees
taking into account the belonging of plants to a certain age class.
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Small undergrowth is one of the cohorts of the young generation of tree
species, which is understudied in the morphological terms. In our studies,
based on the results of applying the vitality analysis algorithm to P. sylves-
tris small undergrowth, the absolute growth rate of phytomass (AGRW),
the absolute growth rate of height (AGRH) and the number of primary side
shoots per plant height (B/h) were chosen as the key morphological param-
eters. The key morphological parameters for seedlings and plantlets were
the height and phytomass of individuals.

The final stage of the vitality analysis calculations is aimed at deter-
mining, based on the key morphological parameters, the share of plants
with different levels of vitality (vitality classes “a”, “b” and “c”) as part of
the cohorts and establishing its type by the quality index value (Q). Due to
availability of the computer program VITAL developed by Yu.A. Zlobin,
the specified stage of the calculation procedure is fast and automated.

4. Variety of natural reforestation models and the evaluation
of vitality dynamics

In general, change in vitality features and vital capacity of certain plant
populations in a time domain is still understudied, and constitutes a sepa-
rate scientific challenge. It is also relevant for tree species, especially in the
aspect of ensuring their natural recovery.

In order to unify the studies on the dynamics of vitality parameters of
forest-forming species cohorts available under the canopy of parent stands,
we have distinguished the three main phases in the process of natural
reforestation, taking into account the principles of domestic forestry, as well
as achievements of scientists from other countries in this area [4; 7-10]:

1. Initial phase.

2. Phase of undergrowth formation, growth and development (Under-
growth phase).

3. Phase of transition of the young generation of forest-forming species
to the tree stand (Tree stand phase).

The first one corresponds to the stage of appearance and enshrinement
of cohorts of seedlings and plantlets in the forests. The second phase is
characterized by the development of the cohorts of undergrowth: small,
medium and large. The third phase is final in the natural reforestation cycle.
It may provide for two substages: the formation of cohorts of young and
mature trees.
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Depending on diversity of the above phases and stages, natural reforest-
ation may be either complete or incomplete. We consider it possible to indi-
cate the first of them as the Isp-Usml-Tym model or its shortened version —
I-U-T. This model corresponds to the natural reforestation that begins with
the formation of seedlings of forest-forming species, which gradually reach
the level of forest stand and generative state, in the forests.

Under the incomplete natural reforestation, “cyclicity” in the self-re-
newal of forest phytocoenoses is not achieved. The degree of incomplete-
ness may vary. The specified feature of natural reforestation is illustrated by
means of the special models given below.

* I-Usml-Ty — young generation of a forest-forming species from the ini-
tial phase undergoes all stages of recovery, reaches the level of forest stand,
but ceases to develop and often exist, at the level of a cohort of young trees;

 I-Usml — natural reforestation terminates when the young generation
of forest-forming species reaches the state of large undergrowth;

» I-Usm — natural reforestation terminates when the young generation
of forest-forming species reaches the state of medium undergrowth;

* I-Us — natural reforestation terminates when the young generation of
forest-forming species reaches the state of small undergrowth;

» I — natural reforestation terminates when the young generation of for-
est-forming species is at the initial phase (at the level of seedlings or plant-
lets) of this process.

Under natural reforestation, in the transition of plants from one stage to
another the following options may be implemented: a) improvement in the
vitality structure of cohorts and increase in their quality index; b) deteriora-
tion in the vitality structure of cohorts and decrease in their quality index;
c) lack of changes in the vitality structure of cohorts and, consequently,
in the quality index value.

The results of the analysis of all theoretically conceivable options for
change in the vitality structure of cohorts of various categories of young
generation and forest stand that correspond to different stages of natural
reforestation provide the evidence of implementing different vitality tactics
by certain groups of individuals. They manifest themselves in the spatial
and temporal flexibility of vitality characteristics and their spatial and tem-
poral variability. The spatial and temporal vitality flexibility is manifested in
the change of values of the quality index of certain cohorts (populations) of
different categories of young generation and forest stand by different hab-
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itat or in time. The spatial and temporal vitality flexibility is implemented
through the change of the ratio in the composition of a cohort (population)
of individuals of different vitality classes (“a”, “b” and “c”).

Both quantitative and qualitative aspects of the vitality flexibility imple-
mentation may be expressed by means of a specially developed index of
vitality dynamics (IVD) calculated according to the following formula (1):

IVD = (On - Qp)/0.166 (1),
where On — value of the cohort (population) quality index at the next
stage of reforestation (development or gradient degree),

Op — value of the cohort (population) quality index at the previous stage
of reforestation (development or gradient degree),

0.166 — value of the quality index, at the level of which populations are
transferred from one quality type to the other (according to the provisions
of the classical vitality analysis, a population is depressed if the value of
quality index Q is 0 — 0.166; balanced if Q is 0.167 — 0.332; prosperous if
Qs 0.333 - 0.50).

In general, values of the index of vitality dynamics (IVD) range from
-3.012 to +3.012.

IfIVD =0, cohorts are characterized by a lack of changes in the value of
the quality index Q by the stages of natural reforestation.

IfIVD (in absolute value) is less than 1, changes are insignificant.

IfIVD (in absolute value) is from 1 to 2, changes are significant.

IfIVD (in absolute value) is greater than 2, changes are dramatic.

If value of IVD is with a minus, there is deterioration in the condition of
a cohort (population), with a plus — its improvement.

5. Vitality structure of the cohorts of Pinus sylvestris

and its dynamics by the stages of natural reforestation
The study of natural reforestation of P. sylvestris was carried out in the
territory of Left-Bank Polissia of Ukraine. The information on the vitality
structure of some cohorts of this species is given in Tables 1, 2. The obtained
results show that the species under study in forests of the Pineta sylvestris
formation has the most diverse vitality structure. Here, in one group of asso-
ciations there are quite often the cohorts, the state of which corresponds to all
three types: depressed, balanced and prosperous, and the quality index value
varies from the minimum values (0) to the maximum possible (0.5). This
phenomenon is typical for groups of such associations as Pineta (sylvestris)
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franguloso (alni)—vacciniosa (myrtilli) and Pineta (sylvestris) hylocomiosa.
In specific forest site conditions, there are often the P. sylvestris cohorts of
two quality types. Thus, a group of Pineta (sylvestris) sphagnosa associations
is characterized by the variety of undergrowth that by quality indicators cor-
responds to the level of depressed populations and (rarely) balanced.

The P. sylvestris cohorts, formed under the conditions of other forest
formations, do not differ in a variety of vitality types, but they may be rep-
resented by the P. sylvestris individuals and cohorts of high vitality. This
feature is inherent in the forests of a group of Betuleta (pendulae) caricosa
(pilosae) associations, which is characterized by availability of prosperous
cohort of young and generative (mature) trees of P. sylvestris, the quality
index value of which varies from 0.44 to 0.50.

The gradient analysis has been applied in order to clarify the common
patterns of changes in vitality structure and the quality index of different
cohorts of P. sylvestris, depending on habitat conditions. The influence of
moisture content, soil trophicity and density of forest stands has been stud-
ied as well.

Table 1
Vitality structure of the cohorts of small undergrowth
of Pinus sylvestris
Small undergrowth (Us)
oo share of individuals quality
Association groups of different classes index
a b c Q
Pineta (sylvestris) hylocomiosa 0-0.96 0-0.53 0-1.0 0-0.50
Pineta (sylvestris) calamagrostidosa | 3.0 55 | 0.25-0.40 | 0.40-0.50 | 0.25-0.30
(epigeioris)

Pineta (sylvestris) nardosa (strictae) 0.50-0.60 | 0.34-0.40 | 0.06-0.10 | 0.45-0.47
Pineta (sylvestris) franguloso (alni) —
vacciniosa (myrtilli)

Pineta (sylvestris) vacciniosa (myrtilli) |0.25-0.26]0.17-0.18 | 0.56-0.58 | 0.21-0.22
Pineta (sylvestris) sphagnosa 0-0.18 |0.11-0.35|0.47-0.89 | 0.05-0.26
Querceto(roboris) — Pineta (sylvestris)
vacciniosa (myrtilli)

Querceta (roboris) convallariosa (majalis) | 0.25-0.34 | 0.32-0.50| 0.25-0.34 | 0.33-0.38
Betuleta (pendulae) vacciniosa (myrtilli) |0.26-0.28 | 0.13-0.18 | 0.56-0.60 | 0.21-0.22
Betuleta (pendulae) stellariosa (holosteae) | 0-0.02 | 0.64-0.65 | 0.33-0.36 | 0.32-0.34

0.07-0.13 {0.07-0.53 | 0.40-0.80 | 0.10-0.30

0.1-0.17 | 0.45-0.50 | 0.34-0.40 | 0.30-0.33
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Table 2
Vitality structure of the cohorts of generative trees of Pinus sylvestris

Generative trees of tree layer (Tm)

.. share of individuals q.uallty
Association groups . index
of different classes Q)

a b [
Pineta (sylvestris) hylocomiosa 0-1.0 0-1.0 0-1.0 0-0.5
Pineta (sylvestris) calamagrostidosa
(epigeioris)

Pineta (sylvestris) nardosa (strictae) 0.10-0.15 | 0.36-0.77 | 0.08-0.54 | 0.23-0.46
Pineta (sylvestris) coryloso
(avellanae) — vacciniosa (myrtilli)
Pineta (sylvestris) asarosa (europaei) | 0.64-0.67 | 0.30-0.33 | 0-0.06 |0.47-0.50
Pineta (sylvestris) franguloso (alni) —
vacciniosa (myrtilli)

Pineta (sylvestris) vacciniosa (myrtilli) | 0.41-0.48 | 0.37-0.46 | 0.06-0.22 | 0.39-0.47
Pineta (sylvestris) moliniosa (caeruleae) | 0.8-1.0 0-0.2 0-0.10 | 0.45-0.50
Pineta (sylvestris) sphagnosa 0-0.16 0-0.28 | 0.56-1.0 | 0-0.22
Querceto (roboris) — Pineta (sylvestris)
vacciniosa (myrtilli)

Querceto (roboris) — Pineta (sylvestris)
corylosa (avellanae) sparsi herbosa

0.6-1.0 0-0.3 0-0.1 0.45-0.5

0.67-0.75 | 0.1-0.05 | 0.2-0.32 | 0.34-0.40

0-0.88 0-0.57 0-1.0 0-0.5

0.67-1.0 | 0-0.33 0-0.1 ]0.45-0.50

0.05-0.07 | 0.67-0.93 | 0.02-0.26 | 0.37-0.49

Betuleto (pendulae) — Pineta
(sylvestris) vacciniosa (myrtilli)
Tilieto (cordatae) — Querceta (roboris)
stellariosa (holosteae)

Betuleta (pendulae) caricosa (pilosae) | 0-0.03 | 0.91-1.0 | 0-0.06 |0.47-0.50

0-0.67 0-0.11 | 0.22-1.0 | 0-0.39

0.01-0.02 | 0.87-0.88 | 0.12-0.10 | 0.44-0.45

Populeta (tremulae) stellariosa (holosteae) | 0.88-1.0 | 0-0.06 0-0.06 | 0.47-0.5

It is found that within the P. sylvestris cohorts the share of individuals of
highest vitality classes (“a” and “b”’) and, accordingly, values of the quality
index increase with the improvement in soil fertility. The limiting effect of
low soil fertility on the vitality of P. sylvestris is most clearly manifested in
the Pineta sylvestris formation.

The increase in canopy density (from 0.4 and above) results in an
increase in the share of plants of the lowest vitality (class “c”) in cohorts
and a decrease in the quality index. The habitat of vast number of groups,
in which P. sylvestris cohorts are characterized by the recorded highest val-
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ues of the quality index (Q = 0.4-0.5), has canopy density at the level of
0.4-0.5. Among the phytocoenoses under study, the representatives of a
group of Pineta (sylvestris) hylocomiosa associations are characterized by
the most substantial variation in canopy density (from 0.4 to 1.0). The for-
mation of gaps (50 m2 or more in area) in the canopy of forest stand is the
most common in this group of associations. These features of the horizontal
structure of forest communities is one of the reasons that the P. sylvestris
cohorts, represented as part of a group of Pineta (sylvestris) hylocomiosa
associations, are characterized by a significant variety of vitality structure
and the maximum possible variation in values of the quality index.

On the soil moisture gradient, the most significant decrease in the vital-
ity level of all P. sylvestris cohorts is observed in the water-logged places,
as well as in the areas with insufficient moisture. A glaring example of the
limiting effect of high moisture content on the vitality state of P. sylvestris
cohorts is, first and foremost, the habitat of a group of Pineta (sylvestris)
sphagnosa associations.

Small undergrowth is characterized by deterioration in the vitality struc-
ture, manifested in an increase in the share of individuals of class “c” and
a decrease in the quality index value, which is well-pronounced in forest
communities with dense and high grass cover, as in the group of Pineta
(sylvestris) calamagrostidosa (epigeioris) associations.

P. sylvestris cohorts in different habitat have specific features of the
qualitative composition and vitality level. From the perspective of dis-
closure of the main features, natural reforestation patterns, including the
dynamics of vitality parameters of forest-forming species, the phytocoe-
noses with complete recovery (Isp-Usml-Tym model) are the most stable.
However, the process of forest phytocoenosis self-renewal, which cor-
responds to this model, in forests of the region under study is observed
in a very limited number of groups of associations, in particular, Pineta
(sylvestris) hylocomiosa.

The results of the study of changes in the quality index value of P.
sylvestris cohorts are illustrated in Fig. 1. In the case of complete natural
reforestation by the stages of this process, there is a change in the vitality
structure of cohorts and their quality index, that is, both vitality flexibil-
ity and vitality variability are observed. Typical is the absence of clearly
expressed single-vector trends of changes in values of the quality index at
the stages of natural reforestation. It is also characterized by the “critical”
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transitions, at the level of which there is a significant (both from the quanti-
tative and qualitative points of view) change in values of the quality index,
that is, its significant reduction or increase.

In general, a significant number of association groups are dominated by
a decrease in the quality index values during the transition of cohorts from
the previous to the next stage of recovery. This reduction mainly occurs
against a decrease in the “quality” status of cohorts. This general trend is
also confirmed by the data shown in Table 3. The complete natural reforest-
ation of P, sylvestris occurs not only in a group of Pineta (sylvestris) hyloco-
miosa associations, but also in some others (for example, Pineta (sylvestris)
franguloso (alni)—vacciniosa (myrtilli) and Pineta (sylvestris) sphagnosa)
(Table 4), that is, in forest phytocoenoses, which differ significantly in eco-
logical and coenotic characteristics.

ads

index, ()

Cuality

1= Ip Ls Uim L Iy Im
Phases of natural reforestation
Figure 1. Changes in the quality index of Pinus sylvestris cohorts
in the two phytocoenoses of a group of Pineta (sylvestris) hylocomiosa

associations at the stages of complete natural reforestation
(I-Usml-Tym model)
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Table 3
Value of the index of vitality dynamics (IVD) and change
in the qualitative type of Pinus sylvestris cohorts by the stages
of complete natural reforestation in the phytocoenoses
of a group of Pineta (sylvestris) hylocomiosa associations
(Isp-Usml —Tym model)’

Phytocenoses Transition by the stages of natural reforestation
Ser. of association
No. groups Is>Ip | Ip>Us |Us>Um | Um~>Ul| UlI>Ty | Ty>Tm
Pineta -0.7831 | -0.5422 | -0.6024 | 0.8434 | 0.3614 | 0.3614
1 | (sylvestris)
hylocomiosa P->B B-B B->D D->B B-B B->P
Pineta -1.2651 | 1.0843 | 0.4819 | -0.5422 | -0.3614 | -0.3012

2 | (sylvestris)
hylocomiosa
Note: In this and similar tables for each group of associations (groups), values of the
index of vitality dynamics (IVD) are given in the first line, data on changes in the
qualitative type of cohort — in the first line. Letters denote: D — depressed cohort,
B — balanced, P — prosperous.

P->D D->B B->P P->B B-B B-B

Table 4
Value of the index of vitality dynamics (IVD) and change in the
qualitative type of Pinus sylvestris cohorts by the stages of complete
natural (I-Usml-Tym model)
Phytocenoses of association | Transition by the stages of natural reforestation

groups Us>Um Um->Ul Ul>Ty Ty>Tm
Pineta (sylvestris) franguloso -0.24096 1.20482 -1.26506 1.32530
(alni)— vacciniosa (myrtilli) D-D D->B B->D D->B
Pineta (sylvestris) sphagnosa 0.54217 01203 -0.6024 0
B-B B->D D-D D-D

In general, when individuals of a new generation of forest-forming
species reach the tree layer, the volume, diversity and power of direct
interaction and competition between them and the parent forest stand
often increase. Therefore, it is no coincidence that at the stage of forma-
tion of young tree cohorts there is often a significant decrease in values of
the quality index. In the forests that are in the system of economic use, due
to the application of forest management measures, the transition of young
plants to the first tree layer and their achievement of generative maturity
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can be significantly accelerated, and often followed by an improvement in
the vitality of young trees.

The steady reforestation is mainly characterized by the manifestation
of vitality flexibility (change in values of the quality index by cohorts) and
vitality variability (change in the relationship between shares of plants of
different vitality classes within cohorts). In general, a reduction in the qual-
ity index values under the transition from the previous cohort to the next
one is predominant (in 58.3% of cases).

This indicator may vary significantly by association groups: it amounts
to 50% in Pineta (sylvestris) franguloso (alni)—vacciniosa (myrtilli) and
Pineta (sylvestris) hylocomiosa, and 75% in Pineta (sylvestris) sphagnosa.
In all association groups under study, a decrease in the quality index values
was mainly (in 41.7% of cases) insignificant (less than 1 in the absolute
value of IVD) and accompanied by both the transition of populations from
one qualitative type to the other, and changes in indicators within one type
of populations. No improvement in cohort vitality by the stages of natural
reforestation in a group of Pineta (sylvestris) sphagnosa associations has
been registered, whereas it occurs in the groups of Pineta (sylvestris) fran-
guloso (alni)—vacciniosa (myrtilli) and Pineta (sylvestris) hylocomiosa as-
sociations. An increase in values of the quality index was significant mainly
(in 75% of cases) with the value of the index of vitality dynamics (IVD)
amounting to 1.2 — 1.3 and accompanied by the transition of cohorts from
one quality type to the other (from the category of depressed cohorts to the
category of balanced ones or from the category of balanced cohorts to the
category of prosperous ones).

The associations, where P, sylvestris does not take place in the formation
of the first tree layer, are characterized by the incomplete natural reforest-
ation when the young generation of this species reaches the tree layer but
has no ability for generative propagation (I-Usml-Ty model) (Table 5).
In a group of Betuleta (pendulae) vacciniosa (myrtilli) associations, each
of “transitions” by the stages of natural reforestation is accompanied by
a significant change in vitality structure, values of the quality index and
vitality type of cohorts. There is the manifestation of both vitality flexibility
and vitality variability.

The process of natural reforestation of P. sylvestris often terminates at
the stage of large undergrowth formation (I-Usml model). It occurs in the
pine forests that by the vitality structure belong to different quality types.
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Table 5
Value of the index of vitality dynamics (IVD) and change
in the qualitative type of Pinus sylvestris cohorts by the stages
of incomplete natural reforestation (I-Usml-Ty model)
Transition by the stages

of thepiils};:)occi;ltli(())s;fgroup of natural reforestation
Us>Um Um- Ul UI>Ty
Betuleta (pendulae) vacciniosa -1.20482 3.012 -3.012
(myrtilli) B->D D->P P>D

In all groups of associations of Pineta sylvestris formation, where natural
reforestation is consistent with this model, the lowest values of the quality
index of P. sylvestris cohorts are recorded in the cohort, which is “final” in
the above model — that is, at the level of large undergrowth.

In the cases where natural reforestation corresponds to the I-Usml
model, the vitality structure of cohorts and their quality index change by its
stages (Table 6). The value of the latter characteristic often increases during
the transition from small to medium undergrowth and decreases during the
transition from medium to large that is accompanied by the transition of
cohorts from the category of prosperous to the category of depressed.

In the phytocoenoses of Pineta sylvestris formation, there is the
incomplete natural reforestation, which terminates at the level of medium
undergrowth (I-Usm model). This model is also applied to the natural
reforestation occurring in the forests without P. sylvestris in the tree layer.
The decrease in the quality index of P. sylvestris cohort during the transi-
tion from the category of small to the category of medium undergrowth is
typical (Table 7).

Table 6
Value of the index of vitality dynamics (IVD) and change
in the qualitative type of Pinus sylvestris cohorts by the stages
of incomplete natural reforestation (I-Usml model)

.. Transition by the stages of natural
Phytocenoses of the association reforestation
srotp Us>Um Um>Ul
Pineta (sylvestris) hyl ) 0.903614 -1.80723
ineta (sylvestris) hylocomiosa
> i B>P P>D
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Table 7

Value of the index of vitality dynamics (IVD) and change
in the qualitative type of Pinus sylvestris cohorts by the stages

of incomplete natural reforestation (I-Usm model)

Phytocenoses of association groups

Transition by the stages
of natural reforestation

Us>Um
-0.55241
Pineta (sylvestris) sphagnosa
D-D
-1.50602
Pineta (sylvestris) calamagrostidosa (epigeioris)
B->D
-0.3012
Pineta (sylvestris) calamagrostidosa (epigeioris) BE
Pineta (sylvestris) franguloso (alni) — vacciniosa -0.51145
(myrtilli) D-D
-2.78012
Pineta (sylvestris) hylocomiosa
(s ) hy 5D
-0.06024
Pineta (sylvestris) hylocomiosa PP
-2.63554
Pinet Ivestris) hyl 1
ineta (sylvestris) hylocomiosa P>D
Pineta (sylvestris) hyl . -1.94277
ineta (sylvestris) hylocomiosa
4 V' B>D
-0.20843
Pineta (sylvestris) hylocomiosa PP
-2.00783
Pinet Ivestris) hyl, j
ineta (sylvestris) hylocomiosa PSB
-0.53795
Pinet, lvestris) hyl, j
ineta (sylvestris) hylocomiosa BSD
-2.48072
Pinet, Ivestris) hyl, j
ineta (sylvestris) hylocomiosa 3D
-1.56627
Pinet Ivestri. d trict
ineta (sylvestris) nardosa (strictae) 3B
Pineta (syivestris) vaceiniosa (myvill) -1.26506
ineta (sylvestris) vacciniosa (myrtilli
> g B>D
-1.91687
Betulet dul tellari holost
etuleta (pendulae) stellariosa (holosteae) B3D
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In 37.5% of cases, the decrease in values of the index Q is insignificant
and occurs “within” one quality type. The cases of significant and dramatic
reduction of indicators are equally (by 31.3%) represented. All of them are
accompanied by a change in the quality type of cohorts. There is (in 25% of
cases) the transition of populations from the category of prosperous to the
category of depressed. The change in the vitality structure of undergrowth
in the implementation of I-Usm model in the forests of Pineta sylvestris
formation does not show a clear and unambiguous dependence on the level
of vitality of the parent forest stand.

In the forests of Left-Bank Polissia of Ukraine, natural reforestation of-
ten terminates at the level of small undergrowth (I-Us model). At the same
time, the cohorts of generative trees being in the composition of parent
forest stands, are characterized by the quality index values in the range of
0-0.5, and the cohorts of small undergrowth — 0.06-0.40. The above range
of indicators corresponds to all three quality types of cohorts: from de-
pressed to prosperous.

Prosperous cohorts of small undergrowth are mainly recorded in the for-
ests, the stand of which is formed from prosperous cohorts. However, there
are the cases, where small undergrowth with a significant share (60%) of
individuals of vitality class “a” is found in the canopy of forest stand of a
depressed type.

In a number of communities (a group of Pineta (sylvestris) coryloso
(avellanae)—vacciniosa (myrtilli), Pineta (sylvestris) asarosa (europaei)
associations, etc.), despite the fact that they contain the generative trees
of P. sylvestris, there is no sustainable natural reforestation of this species.
The undergrowth is often not formed even in the forests, where stands are
dominated by individuals of vitality class “a”, and the cohorts of generative
plants belong to the category of prosperous.

The last fact shows that a single factor of high quality of the parent for-
est stand is not always decisive for the successful natural reforestation. This
statement is to some extent consistent with the results of evaluation of the
correlation relationship between the values of the quality index of different
cohorts of P. sylvestris presented in different forest phytocoenoses.

The strength and nature of the correlation relationship between the val-
ues of the quality index of different cohorts were very variable and ambig-
uous. Thus, the value of the correlation relationship between the quality
index of small undergrowth and the parent forest stand varies from -0.41 to
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+0.70, and the value of the correlation relationship between the quality
index of medium undergrowth and generative trees — from -0.34 +0.63.

6. Conclusions

The paper presents some results of the studies of features and patterns
of the natural reforestation process conducted for more than ten years, on
the basis of which:

1.The system of division of young generation of forest-forming spe-
cies into the seven categories and the method of selecting intra-population
groups — cohorts is developed.

2.The generalizing models of the natural reforestation process, which
serve as the basis for unification of the study of dynamics of the key popu-
lation characteristics by its stages, are formed.

3.1t is shown that the assessment of the vitality structure of forest-form-
ing species cohorts against the application of different models, is supple-
mented by the analysis of vitality variability and flexibility, enables to con-
sider the process of self-recovery of forest communities in its dynamics by
covering the entire cycle of reforestation (from seed formation by individu-
als of the upper layer of communities to their replacement by the trees of a
new generation) and to get a holistic view of this process.

4.1t is proved on the example of the natural reforestation of P. sylvestris
in the conditions of Left-Bank Polissia of Ukraine that in various models
of natural reforestation the vitality cohort structure acts as a separate and
very dynamic characteristic. The change in the characteristic features of
the vitality structure by the stages of natural reforestation in P. sylvestris is
very diverse. The dynamics of vitality structure is manifested in the wide
implementation of its spatial and temporal variability and flexibility.

5.P. sylvestris is dominated by the models of incomplete natural reforest-
ation (I-Usml-Ty, I-Usml, I-Usm, I-Us, I models). The correspondence of
this process in pine forests to such models is often a consequence, firstly, of
fluctuations in quantitative and qualitative indicators of seed productivity
over the years, and secondly, of the absence of conditions favorable for the
formation and development of the young generation of this species under
the canopy of a number of parent forest stands. The predominance of arti-
ficially created pine forests with high density in the territory of Left-Bank
Polissia of Ukraine is one of the factors that have a negative impact on the
vitality structure of the cohorts of the young generation of P. sylvestris.
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6. Despite the fact that cohorts of P. sylvestris of different groups of asso-
ciations vary significantly by vitality parameters, the change in values of
the quality index and vitality structure on simple gradients of leading eco-
logical-coenotic factors (density of forest stands, soil trophicity and mois-
ture, projective cover of the herbaceous and subshrub layer, etc.) there are
clearly defined patterns. The vitality parameters of P. sylvestris cohorts are
a response to the influence of a number of ecological and coenotic factors
inherent in a particular habitat.

The prospect of further scientific work is the application of vitality anal-
ysis and the approaches proposed and tested in this work to assess the status
of natural reforestation with the participation of other major forest-forming
types: Quercus robur L., Acer platanoides L., Betula pendula Roth., Popu-
lus tremula L., etc.
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Abstract. Material and resource conservation are important when
choosing the optimal technology for keeping dairy cattle. The so-called
“Canadian technologies” of frame construction that are widely used in
the world are only relatively recently used in national animal husbandry.
The question of ensuring the comfort of animals in such rooms remains
controversial, since the climate in them is as close as possible to
environmental conditions. The purpose of the study was to study the
temperature and humidity regime of uninsulated rooms and assess the state
of comfort of animals in barns of the frame and hangar type. The temperature
and humidity of the air were measured inside and outside the premises
(n = 827) periodically from January to July 2018 (in the temperature range
from -7.8 to +34.2°C). Using the multiple linear regression function in
STATISTICA 10 (StatSoft, Inc., 2011), the calculated temperature values
in the barns for low and high temperatures of the Steppe of Ukraine were
obtained. It has been established that the temperature-humidity regime
of uninsulated rooms is as close as possible to the state of the external
environment and depends on the design features (type) of the barn.
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The temperature difference inside and outside the premises will be 3-5°C.
It is necessary to provide additional space cooling (axial fans of large
diameter, small-drop irrigation, as well as their combination), since the
temperature-humidity index (THI) inside the barn will be 2-3 units higher.
The material of the article will be useful for breeders when choosing
a technology for keeping dairy cows. Calculated values of temperatures
and THI in uninsulated rooms of frame and hangar type can be used as
approximate data for assessing the comfort of cows in lightweight rooms
in conditions of temperate continental climate of the Steppe of Ukraine.
The values of temperature and relative humidity of air in the barns obtained
by us, as well as the temperature-humidity index (as an indicator of the
comfort of animals in hot conditions), require practical confirmation under
conditions of extreme high and low ambient temperatures. This will be the
material for our further research, as well as the influence of climate in the
barn on the physiological state and productivity of dairy cows.

1. Introduction

The environment has a significant impact on the physiological state,
behavior and productivity of dairy cows [25, p. 1; 26, p. 705; 28, p. 1623].
This should be taken into account when creating comfortable conditions for
animals, protecting them from extreme high and low temperatures [2, p. 81].
The boundaries of temperature comfort for livestock are very small and
depend on the breed and animal productivity [12, p. 1675]. Comfortable for
cows are temperatures from +5 to +20°C [5, p. 5]. According to some data,
temperatures ranging from -34°C [1, p. 481] to +25°C [22, p. 2407] will be
acceptable for livestock. In any case, only in good conditions animals can
fully realize their productive potential.

The way of keeping dairy cows in each case is selected based on
climatic, economic and industrial conditions. In Ukraine, capital buildings
(cowsheds) are mainly built for keeping livestock in the cold period of
the year and light canopies to protect animals from heat and precipitation
during grazing. And only in recent decades, frame construction of premises
made of metal structures has become widespread in animal husbandry. Such
modern wide-sized barns are equipped with side curtains, aft table, cow
boxes and a light-emitting comb [21, p. 41]. Researchers [33, p. 74] believe
that they are most comfortable for highly productive animals when kept in
barns all year round.
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The microclimate of such premises largely depends on the environmental
conditions. Moreover, the temperature difference inside and outside the
barn is minimal [13, p. 25; 21, p. 41; 24, p. 305] and they directly affect
animals [2, p. 81]. Reports by authors [21, p. 41; 32, p. 37; 35, p. 225] are
only partially devoted to the study of climate in uninsulated rooms. They
cover, as a rule, only one of the seasons of the year, taking into account
short-term measurements of the state of the air environment in the barn.
This limits the ability to build accurate mathematical models of climate
prediction in animal rooms due to a small sample.

The one-sided approach remains to assessing the influence of air on
the physiological state and productivity of cows. Since the temperature
and relative humidity of the air are taken into account without their joint
influence on the organism of animals. Whereas the temperature and humidity
index (THI) has long been considered to be a fairly reliable criterion for
assessing the comfort of animals [9, p. 1]. At the same time, the ongoing
search for new solutions to assess the impact of the external environment on
the welfare of dairy cattle continues [10].

The aim of the work was to assess the state of animal comfort in
uninsulated cowsheds of various types in a temperate climate of the
Steppe of Ukraine. This involved multiple measurements of temperature
and relative humidity of air outside and inside barns (for building linear
regression models), forecasting temperature and humidity in rooms at high
and low ambient temperatures, and calculating the value of temperature-
humidity index in rooms as a criterion for evaluating comfort cows in heat.

2. Materials and methods

The study was conducted in cowsheds of a monoblock dairy complex of
the private joint-stock company Agro-Soyuz of the Dnipropetrovs’k region
from January to June 2018. The temperature and humidity conditions of
different types of rooms were studied. The cowshed carcass type (CCT) is
made of metal structures (without roof insulation), and in a cowshed hangar
type (CHT) with a canopy in the form of an awning (Figure 1).

These wide-sized cowsheds have side tarpaulin curtains, they have,
respectively, six- and four-row stalls for dairy cows without a leash.
The premises are equipped with aft tables and group automatic drinkers.
The design features of these premises are described in detail earlier
[33, p. 74]. The temperature and relative humidity of the air were measured
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Figure 1. Monoblock of the dairy complex with uninsulated rooms
of different types (a — the appearance of the dairy complex;
b — cowshed carcass type; ¢ — cowshed hangar type)

by a professional Benetech GM 1360 thermohygrometer outside and inside
the CCT (n = 334) and CHT (n = 493) in the sides and central stall at the
level of animal rest. The state of the environment at the location of the dairy
complex during the heat was predicted on the basis of historical data from
the meteorological report for 2017 (https://meteo.ua/). The measurements
were carried out taking into account the temperature and humidity of the air
at a time (n = 1924) within the temperature range of +20 ... + 37°C. The data
obtained were used to construct linear regression models using the built-in
statistical functions of the STATISTICA 10 software (StatSoft, Inc., 2011).

3. Climate prediction in uninsulated cowsheds
of different types depending on the state of the environment
The data obtained indicate that the climate in the barns is directly
dependent on the state of the external environment. Outside air temperatures
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during the study period varied from -7.5°C to +34.2°C. The correlation
between temperature and relative humidity outside and inside CCT was
respectively r = 0.997 (R? = 0.99) and r = 0.955 (R?> = 0.91) (P <0.01).
The relationship between temperature and humidity inside the CHT and
outside was respectively r = 0.997 (R? = 0.99) and r = 0.965 (R? = 0.93)
(P <0.01). This made it possible to predict the temperature and humidity
conditions in uninsulated barns of various types (Table 1 and Table 2).

In this case, the linear regression equations for calculating the
temperature and relative humidity of air in uninsulated cowsheds of various
types were such

Teer = 2.532533 +0.878064 x T (1)
RH ., =15.03246 + 0.77416 x RH )
Tour = 2.103149 +0.902499 x T 3)
RH_,, =6.107011 + 0.922974 x RH (4)

where T, — temperature in the cowshed carcass type, °C

T, — temperature in the cowshed hangar type, °C

RH . — relative humidity in the cowshed carcass type, %

RH,,,— relative humidity in the cowshed hangar type, %

T — ambient temperature, °C

RH — ambient relative humidity, %

Estimates suggest that the temperature in the premises of lightweight
construction as close as possible to the indicators of the external environment
(Fig. 2). The difference between external and internal temperatures in
conditions of the lowest possible ambient temperature (-25°C), depending
on the type of cowshed, will be from 4.5 to 5.6°C. In conditions of
heat (+46°C), the temperature difference will be from 2.4 to 3.1°C.
At a temperature of +21.0-22.0°C, the temperature inside and outside the
premises will be the same.

Therefore, the design features of the of the rooms carcass and hangar
type contribute to the preservation of the air temperature in the cowsheds
when lowering the external temperatures below +21.0°C and, conversely,
as they rise above +22.0°C, the roof of the barns acts as a shadow protection
of animals from direct sunlight and contributes to maintaining coolness.

The relative humidity inside the rooms to a greater extent than the
temperature will depend on the design features of the rooms. It is calculated
that the difference in this indicator between the environment and CCT will
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Table 1
Calculated values of temperature in cowsheds
of various types depending on external temperature
Cowshed Cowshed Cowshed

Cowshed hangar

carcass type, hangar type, carcass type, type, n=493
T n=334 n=493 T n=334 i

+/- +/- +/- +/-

Teer toward T Tem toward T Teer toward T Tem toward T
-250-194| 456 |-20.5| +45 11| 122 +1.2 12.0 +1.0
-24 | -18.5 +5.5 |-19.6| +44 12 | 13.1 +1.1 12.9 +0.9
-23|-17.7| 453 |-18.7| +4.3 13 ] 139 +0.9 13.8 +0.8
-22 | -16.8 +52 |-17.8| +4.2 14 | 14.8 +0.8 14.7 +0.7
-21|-159| +5.1 -16.8| +4.2 15| 15.7 +0.7 15.6 +0.6
-20|-15.0| +5.0 |-159| +4.1 16 | 16.6 +0.6 16.5 +0.5
-19|-142| +4.8 |-15.0| +4.0 17 | 17.5 +0.5 17.4 +0.4
-18|-13.3 +4.7 | -14.1 +3.9 18| 18.3 +0.3 18.3 +0.3
-17(-124| +4.6 |-132| +38 19 ] 19.2 +0.2 19.3 +0.3
-16 | -11.5 +4.5 |-123| +3.7 20 | 20.1 +0.1 20.2 +0.2
-15(-10.6 | +4.4 |-114| +3.6 21| 21.0 0.0 21.1 +0.1
-14| -9.8 +42 |-10.5| +3.5 22 | 21.8 -0.2 22.0 0.0
-13| -89 +4.1 -9.6 +3.4 23 | 22.7 -0.3 22.9 -0.1
-12| -8.0 +4.0 -8.7 +3.3 24| 23.6 -0.4 23.8 -0.2
-11) -7.1 +3.9 -7.8 +3.2 25 | 24.5 -0.5 24.7 -0.3
-10| -6.2 +3.8 -6.9 +3.1 26 | 25.4 -0.6 25.6 -0.4
9| -54 +3.6 -6.0 +3.0 27 | 26.2 -0.8 26.5 -0.5
-8 | 4.5 +3.5 -5.1 +2.9 28 | 27.1 -0.9 27.4 -0.6
-7 -3.6 +3.4 4.2 +2.8 29 | 28.0 -1.0 28.3 -0.7
-6 | 2.7 +3.3 -33 +2.7 30 | 28.9 -1.1 29.2 -0.8
-5 -1.9 +3.1 2.4 -2.6 31| 29.8 -1.2 30.1 -0.9
-4 -1.0 +3.0 -1.5 +2.5 32| 30.6 -1.4 31.0 -1.0
-3 | -0.1 +2.9 -0.6 +2.4 33| 31.5 -1.5 31.9 -1.1
2| 08 +2.8 0.3 +2.3 34 | 324 -1.6 32.8 -1.2
-1 1.7 +2.7 1.2 +2.2 35| 333 -1.7 33.7 -1.3
0| 25 +2.5 2.1 +2.1 36 | 34.1 -1.9 34.6 -1.4
1| 34 +2.4 3.0 +2.0 37 | 35.0 -2.0 35.5 -1.5
2 | 43 +2.3 3.9 +1.9 38 | 35.9 -2.1 36.4 -1.6
3| 52 +2.2 4.8 +1.8 39 | 36.8 -2.2 37.3 -1.7
4 | 6.0 +2.0 5.7 +1.7 40 | 37.7 -2.3 38.2 -1.8
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End of the Table 1

Cowshed Cowshed Cowshed C
owshed hangar
carcass type, hangar type, carcass type, type, n=493
T n=334 n=493 T n=334 >
+/- +/- +/- +/-
Teer toward T Tem toward T Teer toward T Tem toward T
6 7.8 +1.8 7.5 +1.5 421 394 -2.6 40.0 -2.0
7 8.7 +1.7 8.4 +1.4 43 | 40.3 -2.7 40.9 -2.1
8 9.6 +1.6 9.3 +1.3 44 | 41.2 -2.8 41.8 -2.2
9 | 104 +1.4 10.2 +1.2 45| 42.0 -3.0 42.7 -2.3
10 | 11.3 +1.3 11.1 +1.1 46 | 42.9 -3.1 43.6 -2.4

Note. T — ambient air temperature (° C); TCCT — air temperature in the cowshed carcass

type (°C); TCHT — air temperature in the cowshed hangar type (°C).

Table 2

Calculated values of relative humidity in different types
of cowsheds depending on the humidity of the outside air

Cowshed Cowshed Cowshed Cowshed

carcass type, hangar type, carcass type, hangar type,

RH n=334 n=493 RH n=334 n=493
+/- +/- +/- +/-

RH_, | toward | RH_ . | toward RH_, | toward | RH_,, |toward

RH RH RH RH
17 28.2 +11.2 21.8 +4.8 | 59| 60.7 +1.7 60.6 +1.6
18 29.0 +11.0 22.7 +47 | 60 | 61.5 +1.5 61.5 +1.5
19 29.7 +10.7 23.6 +4.6 | 61 62.3 +1.3 62.4 +1.4
20 30.5 +10.5 24.6 +4.6 | 62| 63.0 +1.0 63.3 +1.3
21 31.3 +10.3 25.5 +4.5 | 63 | 63.8 +0.8 64.3 +1.3
22 32.1 +10.1 26.4 +44 | 64| 64.6 +0.6 65.2 +1.2
23 32.8 +9.8 273 +43 [ 65| 654 +0.4 66.1 +1.1
24 33.6 +9.6 28.3 +43 | 66 | 66.1 +0.1 67.0 +1.0
25 34.4 +9.4 29.2 +42 | 67 | 669 -0.1 67.9 +0.9
26 35.2 +9.2 30.1 +4.1 | 68 | 67.7 -0.3 68.9 +0.9
27 35.9 +8.9 31.0 +4.0 | 69 | 68.4 -0.6 69.8 +0.8
28 36.7 +8.7 32.0 +4.0 | 70 | 69.2 -0.8 70.7 +0.7
29 37.5 +8.5 32.9 +39 | 71 70.0 -1.0 71.6 +0.6
30 38.3 +8.3 33.8 +3.8 | 72 | 70.8 -1.2 72.6 +0.6
31 39.0 +8.0 34.7 +3.7 | 73 71.5 -1.5 73.5 +0.5
32 39.8 +7.8 35.6 +3.6 | 74| 723 -1.7 74.4 +0.4
33 40.6 +7.6 36.6 +3.6 | 75 73.1 -1.9 75.3 +0.3
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End of the Table 2
Cowshed Cowshed Cowshed Cowshed

carcass type, hangar type, carcass type, hangar type,

RH n=334 n=493 RH n=334 n=493
+/- +/- +/- +/-

RH_, | toward | RH_ . | toward RH_, | toward | RH_ . | toward

RH RH RH RH
35 | 42.1 +7.1 38.4 +3.4 | 77 | 74.6 -2.4 77.2 +0.2
36 | 429 +6.9 39.3 +33 | 78 | 754 -2.6 78.1 +0.1
37 | 43.7 +6.7 40.3 +33 | 79 | 76.2 -2.8 79.0 0.0
38 | 44.5 +6.5 41.2 +3.2 | 80 | 77.0 -3.0 79.9 -0.1
39 | 452 +6.2 42.1 +3.1 | 81 | 77.7 -3.3 80.9 -0.1
40 | 46.0 +6.0 43.0 +3.0 | 82 | 78.5 -3.5 81.8 -0.2
41 46.8 +5.8 43.9 +2.9 | 83 | 793 -3.7 82.7 -0.3
42 | 475 +5.5 44.9 +2.9 | 84 | 80.1 -3.9 83.6 -0.4
43 48.3 +5.3 45.8 +2.8 | 85 | 80.8 -4.2 84.6 -0.4
44 | 49.1 +5.1 46.7 +2.7 | 86 | 81.6 -4.4 85.5 -0.5
45 49.9 +4.9 47.6 +2.6 | 87 | 824 -4.6 86.4 -0.6
46 50.6 +4.6 48.6 +2.6 | 88 | 83.2 -4.8 87.3 -0.7
47 514 +4.4 49.5 +2.5 | 89 | 83.9 -5.1 88.3 -0.7
48 52.2 +4.2 50.4 +2.4 | 90 | 84.7 -5.3 89.2 -0.8
49 53.0 +4.0 51.3 +2.3 | 91 85.5 -5.5 90.1 -0.9
50 53.7 +3.7 523 +23 |92 | 863 -5.7 91.0 -1.0
51 54.5 +3.5 53.2 +2.2 | 93 | 87.0 -6.0 91.9 -1.1
52 | 553 +3.3 54.1 +2.1 | 94 | 87.8 -6.2 92.9 -1.1
53 56.1 +3.1 55.0 +2.0 | 95 | 88.6 -6.4 93.8 -1.2
54 | 56.8 +2.8 55.9 +1.9 | 96 | 894 -6.6 94.7 -1.3
55 57.6 +2.6 56.9 +1.9 |97 | 90.1 -6.9 95.6 -1.4
56 | 58.4 +2.4 57.8 +1.8 | 98 | 90.9 -7.1 96.6 -1.4
57 59.2 +2.2 58.7 +1.7 {99 | 91.7 -7.3 97.5 -1.5
58 59.9 +1.9 59.6 +1.6 [100]| 924 -7.6 98.4 -1.6

Note. RH — ambient air relative humidity (%); RHCCT — air relative humidity in the cowshed
carcass type (%); RHCHT — air relative humidity in the cowshed hangar type (%).

be from 6.0 to 11.2%, and CHT from 1.6 to 4.8%. With an increase in
the relative humidity of the environment to 66.0-78.0%, this indicator in
the rooms will be higher than outside. Above these values and up to the
maximum (100%) saturation of external air with water vapor, the relative

humidity in the cowsheds will remain below external indicators.
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Figure 2. The dependence of temperature (a) and humidity (b)
in different types of rooms on the state of the environment

Therefore, the temperature and humidity conditions in the rooms of
uninsulated type depend on the external environment and depend on the
design features of the rooms, which can affect the state of comfort of
animals.

4. Assessment of the state of comfort
of dairy cows using a temperature-humidity index

Temperature and humidity conditions in uninsulated cowsheds are
close to environmental conditions. The difference between external
and internal temperature in such rooms is insignificant. According to
scientists [21, p. 41; 32, p. 37; 35, p. 225], during the transitional and
hot period of the year, it is up to 5 ° C. In the cold period of the year,
water and manure can freeze in an uninsulated cowshed, incapacitate
machinery and equipment fail [13, p. 25]. Our research and direct
presence in the premises (in cold and heat), confirm the data obtained
by the authors.

A more serious problem is high air temperatures, to which dairy cows
are very sensitive [7, p. 260; 11, p. 37]. The heat causes a change in the
clinical state of animals [4, p. 4939], impaired metabolic homeostasis
[8, p. 1244], a decrease in milk yield in cows [15, p. 319; 27, p. 2017;
30, p. 40; 31, p. 97].
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The temperature-humidity index (THI) is used to assess the effect of
heat on dairy cattle [34, p. 165]. The methods for calculating it are very
diverse [3, p. 1947], as is the degree of heat stress that he characterizes [10].
However, among researchers the calculation of THI is not widely used. This
is not available in our literature. It was used to assess the effect of heat
on dairy cows only in recent studies [29, p. 128]. They indicate a reliable
relationship between the temperature and humidity of the air and the milk
yield of animals at the barn location. Therefore, the method of calculating
the THI [14, p. 862], was used in our research.

Since cattle tolerate lower temperatures more easily than heat, it is
important to simultaneously control the high temperatures and relative
humidity ofthe air, which, asis well known, jointly affect the thermoregulation
of animals. The state of comfort of the cows was determined by calculating
the temperature-humidity index (THI) by the equation

THI =1.8xT —(1- RH /100)x (T - 14.3) + 32 (5)
where THI — temperature-humidity index

T — air temperature, °C

RH — relative humidity, %

Based on the archive records (n = 1924) of air temperature and humidity,
a temperature-humidity index was calculated (Table 3), the value of which
with a high degree of probability (Fig. 3) can be predicted based on the
externals ambient temperatures using the equation

THI,, = 46.97807 + 0.96075x T (6)

where THI,, — temperature-humidity index of the environment

T — ambient air temperature, °C.

Considering the difference between the state of the environment and the
climate of the premises, the probable values of the temperature-humidity index
in the cowshed carcass type (7) and cowshed hangar type (8) were calculated

THI ., = 47.05419 + 0.99649 x T (7)

THI yr = 46.00549 + 1.04460 x T (8)

where THI ..., temperature-humidity index in the cowshed carcass type

THI . - temperature-humidity index in the cowshed hangar type
T — ambient air temperature, °C.
The calculated data (Table 3) indicate a slight difference in the indices

of the temperature-humidity index in the uninsulated cowsheds of different
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Figure 3. Dependence of temperature-humidity index

on ambient air temperature

The calculated values of temperature-humidity index,
depending on the ambient temperature and the type of room

Table 3

T THIgx THlccr THIcur T THIgx THIccr THIcar
20 66.2 67.0 66.9 33 78.7 79.9 80.5
21 67.2 68.0 67.9 34 79.6 80.9 81.5
22 68.1 69.0 69.0 35 80.6 81.9 82.6
23 69.1 70.0 70.0 36 81.6 82.9 83.6
24 70.0 71.0 71.1 37 82.5 83.9 84.7
25 71.0 72.0 72.1 38 83.5 84.9 85.7
26 72.0 73.0 73.2 39 84.4 85.9 86.7
27 72.9 74.0 74.2 40 854 86.9 87.8
28 73.9 75.0 753 41 86.4 87.9 88.8
29 74.8 76.0 76.3 42 87.3 88.9 89.9
30 75.8 76.9 773 43 88.3 89.9 90.9
31 76.8 71.9 78.4 44 89.3 90.9 92.0
32 71.7 78.9 79.4 45 90.2 91.9 93.0




Chapter «Veterinary communications»

types (0.1-1.1 units). However, the difference between the THI outside
and inside the barns of lightweight construction of 2-3 units, must provide
for the adoption of appropriate technical solutions to create comfortable
conditions for dairy cattle.

Researchers at Lallemand Animal Nutrition [17, p. 26] also give an
equation (5) in their materials. The value of THI below 68 corresponds
to comfortable conditions for animals and is the limit above which
they are subject to thermal stress. Thus, the value of THI at the level of
68-71 corresponds to a slight stress, within 72-79 to moderate stress,
whereas at 80-89, the cows are in a state of strong, and 90-99 — very strong
(hard) stress [23, p. 18].

Other Russian authors [5, p. 5], when estimating the degree of manifestation
of heat stress, used the following THI calculation (equation 9)

THI = 0.72(W + D)+ 40.6 9)

where W and D are, respectively, the temperature (°C) of a wet and dry
thermometer.

Researchers believe that the index value below 68 indicates that the cow
is in the comfort zone, if it ranges from 69 to 72, then this corresponds to
the onset of heat stress; a value from 73 to 78 characterizes the development
of heat stress. If the indicator is in the range from 79 to 84, then the animal
is subject to severe heat stress, and if it is greater than 85, death is possible.
However, the simultaneous measurement of the temperature of dry and wet
thermometers is not always possible. Therefore, the use of this equation is
not very convenient.

The choice of the necessary equation for the calculation of THI depends
on the climatic conditions. In a humid climate, it is necessary to use an
index with a high specific weight for humidity, whereas higher temperature
weights are best for determining heat stress in arid climate [3, p. 1947].

Convenient in assessing the comfort of animals is to use the table of
values of THI in terms of temperature and relative humidity. It will look like
this (Table 4) taking into account regional climatic features of the location
of the dairy complex (Steppe of Ukraine). A similar table is also given by
other authors, referring to the scale of temperature stress assessment at the
University of Arizona [5, p. 5; 18, p. 32; 19, p. 34].

Between temperature and humidity of the environment in the range
from +20 to +37°C (n = 1924) a tight bond was found (r = -0.60; P <0.01).
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Table 4
Calculated THI values taking into account the regional climatic
conditions of the steppe of Ukraine

Temperature, Relative humidity,%
o
C

90 90
90 91 92
91 192 93 94
92 194 95 96
90 95 96 97
90 91 E 96 97 98 99
90 |91 92 ¢ 97 198 100 101
90 91 92 94 ¢ 96 99 | 100 101 103
Note. Green — comfort zone; yellow — a little stress; orange — moderate stress; brown —
strong stress; violet — very strong (hard) stress.

By the method of simple linear regression, it is established that when the
temperature rises by one degree Celsius, the relative humidity of the air will
decrease by approximately two percent (R?> = 0.36). At the same time, the
range of fluctuations in relative humidity of the air at the same temperature
values was quite large (Figure 4) and depended on changeable weather
conditions.

According to the data (Table 4), animals can be exposed to low heat
stress even at a temperature of 20°C, moderately at 23°C, and are in a state of
severe heat stress at 30°C (including taking account the type of uninsulated
cowsheds). The likelihood of severe stress in dairy cows is extremely low,
but it is theoretically possible at air temperatures above 32°C.

Thus, the calculated values of temperatures and relative humidity in the
rooms, obtained by constructing linear regression models, make it possible
to predict the values of THI in uninsulated cowsheds. They can be used
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Figure 4. Dynamics of temperature and humidity
of the air at the location of the dairy complex in the hot season

as a reference when choosing the type of room for keeping dairy cows
and assessing the state of their comfort, given the climatic features of the
temperate continental climate of the Steppe of Ukraine.

5. Conclusion

Repeated measurement of temperature and humidity of air inside
and outside the premises for animals allows predicting the state of the
microclimate by building mathematical models. It has been established
that the temperature and humidity conditions in an uninsulated cowsheds
are directly determined by the state of the environment, and also
depend on the design features of the room. The temperature-humidity
index is a convenient integral indicator of the climate in the cowsheds.
It allows you to evaluate the comfort of dairy cows in conditions of
high temperatures. The THI prediction for an individual dairy complex,
taking into account its geographical and climatic location, will make
timely management decisions to normalize the climate in an uninsulated
cowshed.
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