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Abstract: Linear elements in the agricultural landscape, particularly windbreaks, reduce the wind
speed and improve the microclimate in the protected zone. They offer many direct effects on agri-
cultural production with maximum benefits of ecosystem biodiversity. Despite the indisputable
advantages and favourable effects of permanent linear vegetation elements, their representation
in the agricultural landscape is not as frequent as it used to be. Moreover, the formerly planted
elements do not fulfil their original function due to the overgrowth and neglected maintenance.
The optimum spatial and functional organisation of the newly proposed linear elements requires eval-
uation of the existing linear vegetation, its functional parameters and involvement in the landscape
ecological network. Our report presents methods for the evaluation of the linear elements, both from
the aspect of their internal structure and species composition (category A) and their involvement
in the functional system (category B). The evaluation is based on seven established criteria and
results in a point scoring system that reflects the characteristics of the reference criteria. In five
selected localities, we tested the linear elements as individuals by the A method and their integrity by
the B method of evaluation. In one locality only, the state of windbreaks was assessed as functional;
at two localities, they were found as conditionally functional, and at two other localities, the state
of the windbreaks was assessed as non-functional. An example of the evaluation of individual
windbreaks (category A) is demonstrated in model localities in South Moravia, Czech Republic.
The results of the evaluation of the model localities thus point out an unsatisfactory state of the linear
elements in the region of South Moravia and the need to accord them increased care and to establish
new plantations under professional supervision. Their building can be sped up by using the tools of
land consolidation.

Keywords: wind erosion; windbreaks; landscape ecological network; land consolidation; method of
linear element classification

1. Introduction

Vegetation is considered a significant landscape element. Elements of greenery form
the landscape scenery and fulfil productive and eco-stabilising functions. Trees and shrubs
play an important role in the environment and living conditions of other organisms. Short-
term changes in the ecosystems do not have significant impacts on their life cycle and
vitality. However, landscapes modified by human civilisations on all continents have been
gradually transformed into enormous agricultural expanses, where the native and natural
ecosystems have been reduced to small, isolated areas. The functionality of these ecological
systems is often seriously threatened. One of the concepts associated with the preservation
and reinforcement of ecological stability is the ecological network (EN), broadly defined
as a network of localities that have been interconnected to enhance the protection of
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biological diversity. The basic prerequisite for the preservation of the landscape ecological
stability is the existence of landscape elements and segments possessing higher inner
ecological stability compared to the surrounding landscape. All EN projects in Europe,
from the continental to the national level, are devised to encompass, at least, the basic
necessary areas and corridors of the green infrastructure [1]. The structural parts of EN,
i.e., the ecologically significant landscape segments, can be classified according to several
criteria. According to their function, these elements can be classified as bio-centres, bio
corridors and interactive elements. In the Czech Republic, the creation of the concept of EN
was initiated in the 1990s [2]. Effective utilisation and design of EN require the knowledge
of the morphological characteristics, as well as biological and ecological properties of
woody plants [2]. These ‘Territorial Systems of Ecological Stability in the Landscape” have
been designed according to five basic criteria: diversity of potential natural ecosystems,
the spatial relationship of the biome in the landscape, spatial parameters, the current state
of the landscape, and socioeconomic limits and intents [3,4]. Such elements also include
windbreaks, which fulfil many important functions in the landscape.

Windbreaks can fall into the group of bio corridors or interactive elements. The linear
elements in the agricultural landscape, particularly windbreaks, reduce the wind speed
and improve the microclimate in the protected zone. They offer many direct effects on agri-
cultural production with maximum benefits of ecosystem biodiversity [5]. The reduction
in wind speed in the protected zones has a particular impact on the soil and air temperature,
the relationship between plant-water, and the soil moisture [6]. When defining the role of
windbreaks in the landscape, the windbreaks are among those parts of the landscape that
are collectively designated as ‘ecologically important linear segments of the landscape’.

Despite the indisputable advantages and favourable effects of permanent linear vege-
tation elements, their representation in the agricultural landscape is not as frequent as it
used to be. Formerly established windbreaks in the landscape may be considered as parts
of agroforestry systems. A number of them can also be found in the territory of the Czech
Republic, but in many cases, they are no longer functional because since their planting
in the 1950s, they have lacked proper care, and numerous trees have withered. Similarly,
in other territories, e.g., in Northern America in the 1960s to 1970s, a large number of
windbreaks were removed or died [7,8]. This phenomenon was associated with overaged
stands, planting of woody species unsuitable for the pedologic and climatic conditions,
dying of trees due to diseases and pests, effects of droughts and also, improper manage-
ment [9]. We may say that a similar phenomenon occurs in the conditions of the Czech
Republic. The landscape strongly lacks permanent vegetation, particularly linear elements
that adequately regulate land management and form barriers to the winds with erosive
effects. A major part of formerly planted elements does not fulfil their original function
due to overgrown cover and neglected maintenance [10,11]. New plantations are difficult
to introduce because of unsettled ownership rights. A certain path to enforcing the applica-
tion of these so needed multifunctional measures is land consolidation, by which the land
plots could be organised in a manner allowing the complex solution to the restoration
of effective and optimally spatially situated linear elements using public finances [12,13].
The role of land consolidation in restructuring and remediation of the landscape is mainly
perceived in the countries dealing with the consequences of intensive or inappropriate land
management that led to the development of erosive processes [14], disturbances in the land-
scape ecological stability, and growing problems with consequences of climate change.
Land consolidation and its effects on landscape management in the European context were
discussed by [15-17]. The consequences of the application of land consolidation in China
were described in detail by [18].

Land consolidation in the Czech Republic deals with many specific tasks—from
the restoration of the cadastral apparatus, new organisation of proprietary land plots to
the application of multifunctional measures for preserving sustainable land management
and improving the landscape ecological stability [19,20]. In the process of land consol-
idation, windbreaks are understood as a primary anti-erosive measure, but they also
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represent (and should represent) an integrated component of the system of ecological
measures in their role of important landscape-forming elements. They can appropriately
change the landscape character, make the landscape accessible to its inhabitants and serve
as a habitat for flora and fauna [21]. Their position in the ecological network has been
assessed in many aspects. The primary aspect of their evaluation is their efficiency to
protect against wind erosion. This efficiency is, in part, determined by their outer struc-
ture, defined by their height, length, orientation, continuity, width, and cross-section
form. It is also determined by their inner structure, which is a function of the amount
and distribution of free and filled spaces, surface area, and form of individual vegetation
elements [22]. The height is the most important factor determining the extent of protection
against the wind. The distance between windbreaks is usually defined by their height.
The inner structure of windbreaks was previously described based on their density or
porosity [23]. At present, attention is focused on defining their 3D aerodynamic struc-
ture [24]. The optical porosity of windbreaks concerning their efficiency against wind
erosion was discussed by [25]; these authors have found that the dependence of the wind
speed reduction on optical porosity decreases with the distance from the windbreak. Stte-
dova et al. [26] compared various methods of evaluation of the windbreak efficiency based
on optical porosity and windbreak height. They recommended taking into account both
the height and optical porosity. Kucera et al. [27] concluded that the optical porosity best
reflects the effect of one-row windbreaks. In the case of wider windbreaks, parameters
for expressing the 3D structure should be developed. In contrast, Tonggui [28] assessed
the effects of three types of windbreaks on the regulation of wind erosion concerning their
structural diversity, reduction in wind speed and optical porosity in the central part of
the Czech Republic. The most significant effect on the wind speed reduction in terms of
structural indices was found in the total diversity index and Arten-profile index describing
vertical structures, which are recommended, along with the optical porosity, to be evalu-
ated in assessing the windbreak efficiency in controlling wind erosion [28]. Other authors
deal with the effect of windbreaks on the surrounding microclimate, finding it favourable
for both field crops and the effects on humidity and temperature of the surrounding air
and soil [5,29,30]. The appearance and function of windbreaks are positively impacted by
selecting a mix of conifers and deciduous trees and shrubs [31].

Our study aimed to analyse the state of the existing windbreaks according to the pre-
sented methodology, critical evaluation of the results of the used methodology and propos-
als of measures for updating the methodology so far used for the design and application of
the land consolidation.

2. Materials and Methods

Our study was focused on creating a system of classification of linear elements accord-
ing to their state and function to allow the utilisation of the results to objectively evaluate
not only the linear elements themselves but also their network in the landscape.

As an initial method of evaluation of the state and efficiency of windbreaks, we se-
lected the methodology of linear element assessment based on classification of the param-
eters of individual windbreaks—species composition, age of the cover, functional type,
and horizontal and vertical parameters (gap frequency)—part A, and on the classification
of the system of linear elements—part B. This resulted in a point scoring system based on
the characteristics of reference criteria. The scoring scale is given in Table 1.
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Table 1. Point scoring of linear element parameters.

A. Linear Element Categories

A 1 spatial parameters (quantitative level), criterion—the type of linear element

A1l 1—2 lines of woody plants (shrubs), up to 7 m wide 1
A12. multi-linear — over 16 m wide 2
A13. multi-linear — up to 15 m wide 3
A 2 parameters of different representation of woody plants and shrub species *
A21. representation of basic and supplementary woody plants up to 30% 1
A22. representation of basic and supplementary woody plants 50-31% 2
A23. representation of basic and supplementary woody plants over 51% 3
A 3 parameters of the horizontal composition of woody plants and shrubs **
A3l gaps in the vegetation (dysfunctionality) exceed 50% of space 1
A32. gaps in the vegetation (dysfunctionality) up to 30% of space 2
A33. gaps in the vegetation (dysfunctionality) up to 10% of space 3
A 4 parameters of the vertical composition of woody plants and shrubs *
A4l functional tree level represented up to 50% 1
A42. functional tree level represented more than 50% 2
A43. functional multi-level structure more than 50% 3
B. Classification system of linear elements in the landscape
B 1 parameters defining the distance of spacing elements in the network ok
B1.1. elements are not set up in a system 1
B1.2. elements set up in a system that do not correspond to the optimum over 50% 2
B1.3. elements are set up in a system up to 30% optimum 3
B 2 parameters of element incorporation into the terrain—geomorphological and climatic bonds ok
B2.1. more than 50% of elements are not situated in compliance with the terrain morphology and wind direction 1
B22. 31-50 % of elements are suitably incorporated into the terrain complying with the wind direction 2
B23. element location is ideal in more than 50% 3
B 3 parameters of landscape—ecological elements with a link to the landscapeinfrastructure and ecological network (EN)
B3.1. up to 30% of elements do not have parameters of EN 1
B3.2. 31-50% of elements have parameters of EN parameters of EN 2
B3.3. more than 51% of elements have parameters of EN 3

* Qualitative level—species composition, the structure of vegetation types, criterion—to what degree the linear element differs from
the model, ** Element construction—the functional type of linear element (permeable, semipermeable, non-permeable), *** Criterion of
spacing elements usually in an oblong scheme between 350 and 600 m, side belts in the ideal ratio of 1:4 attaining the maximum ecotone
effect, **** Wind direction and critical speed needed.

The presented method is based on the instructions in materials used in forestry for
the construction of windbreaks:
Individual windbreak parameters (categories A):

e  Spatial Parameters.

The evaluation is derived from the rate of variation of windbreak width from opti-
mum. A strip width of 12 m is considered an optimum. Tolerated parameters are 7-15 m.
The height of 12-15 m is considered functional. To evaluate tree species, they are divided
into three categories: basic trees, complementary trees and shrubs. Basic trees are character-
istic of the natural conditions and are indispensable for planting. This group can make up
40 to 70% of the total number of trees. Complementary trees are all other tree species suited
to the ecological conditions. They increase overall stand diversity. Their amount should be
up to 30%. Shrubs are a specific group whose proportion in windbreaks is irreplaceable.
Their recommended share is 20 to 50%.

e  The horizontal and vertical arrangement of trees and shrubs, windbreak construction.
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The horizontal functionality of the windbreak is due to the area spacing of the stand
(missing or insufficiently grown parts of windbreak). The vertical functionality of the wind-
break depends on its density (permeability), which is due to the width of the windbreak,
the species composition of the trees and shrubs and their row spacing. Trees of trunk
shapes constitute the main level, and in the lower levels are shade-loving or shade-laying
shrubs and trees and naturally regenerating treetops. A multi-level structure of windbreaks
is optimal. We also considered the age of the trees.

General requirements for arranging linear vegetation elements in landscape structure
(Categories B):

e Positioning windbreaks in a direction perpendicular to the prevailing wind directions.

e  Thelocation of windbreaks following the morphology of the terrain, including the total
length of windbreaks in the territory.

e  The distance of each strip according to the susceptibility of the soil to erosion.

The procedure for evaluation of the particular locality was done according to the fol-
lowing algorithm:

1st step: scoring the points according to reference criteria;

2nd step: evaluation of the point scores according to groups A and B;

3rd step: an overall evaluation based on the scoring of groups (Table 2).

Table 2. Scheme of the reference point scoring system for linear element classification.

Criteria for Evaluation of the Groups Points A B
Functional (recommended) 3 10-12 8-9
Conditionally functional 2 7-9 5-7
Mostly nonfunctional 1 4-6 34

The concept of the point scoring system is based on the characteristics of reference cri-
teria.

The examples of functional and nonfunctional windbreaks are presented in Figures 1
and 2.

Figure 1. Functional type of windbreaks.
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Figure 2. Nonfunctional type of windbreaks.

The selection of the study localities was made according to the map of wind erosion
risk in the Czech Republic [14]. We selected localities with a permanent risk of wind
erosion, in which we identified vegetation barriers (windbreaks): Bulhary, Tasovice nad
Dyji, Micmanice, Hrusky and Tvrdonice (Figure 3). All these localities are situated in planar
areas, with Chernozems easily succumbing to wind with erosive effects in a very warm
and dry region. The mean annual temperature fluctuates around 9-10 °C, the mean annual
sum of precipitation is 500-600 mm, and the probability of dry vegetation periods is 30—
50%. Here, the role of windbreaks lies not only in the protection against wind erosion
but also in the enhancement of the landscape ecological stability because the localities
serve intensive agricultural production, with large blocks of arable land and a minimum of
natural biotopes.

We performed a detailed inspection of 48 windbreaks in the selected cadastral areas.
For all these elements, we assessed the species composition, basic spatial parameters,
and state of the cover. The results are expressed as tabular outputs allowing evaluation
of the structure of windbreaks according to the selected criteria—category A in Table 1.
We also assessed the spatial integrity of the windbreaks concerning their efficiency against
wind erosion and their involvement in the landscape ecological network—category B
in Table 1.



Forests 2021, 12, 67

7 of 16

51°

50°

/ \
/ . J ol “Tasp u:e nad Dyji —
[~ By iy — | |-
/ 4 / icmanice j \7\ 2
ﬂ/J/ f Tvrdomce / I
Austria
z e ! Slovakia
2 70 15 30 60 90 120
o™ ™ I km !
/ 1 | |
| T
13°E 14°E 15°E 16°E IE 18°E 19°E

Figure 3. Location of five study localities of the Czech Republic (grey colour indicates forest cover).

3. Results

Based on the final evaluation of all selected linear elements according to the spatial
parameters and species compositions, we found the following facts:

Thirty-nine point six percent of assessed elements were found functional, 50% of the el-
ements were conditionally functional, and 10.4% were considered inadequate. Concerning
the general requirements for the organisation of the linear vegetation elements in the land-
scape structure (category B), the networks of windbreaks in the localities Bulhary and
Tvrdonice were found mostly nonfunctional. In the localities of Hrusky and Tasovice, they
were assessed as conditionally functional, and only the network of windbreaks in locality
Micmanice was considered as fully functional (Table 3).

Table 3. Evaluation of windbreaks according to the category A and category B.

No. of A: No. of A: No. of A: No. of Mostly
Study Localities Evaluated Functional Conditionally Nonfunctional Evaluation of B:
Elements Elements Functional Elements Elements
mostly
Bulhary 4 1 3 0 nonfunctional (1)
« conditionally
Hrusky 1 0 1 0 functional (2)
Micmanice 21 11 9 1 functional (3)
; conditionally
Tasovice 12 0 8 4 functional (2)
. mostly
Tvrdonice 10 7 3 0 nonfunctional (1)
Total No. of 48 19 o4 5
elements

The individual characteristics of evaluated windbreaks classified to the point system
is presented in Table 4 and Figure 2.
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Table 4. Evaluation of windbreaks parameters.

Eliall,‘(‘;‘:t‘;‘ Av.Width  AvHeight  , . AvNumber Av.Number Av.Numberof  Total
- (m) (m) - Agely of Rows of Tree Rows  Shrub Rows Length (m)
Characteristic
1 7. 17.7 55.0 2.8 2.0 1.2 2826.0
2 11.0 16.4 52.4 41 1.8 2.3 18,178.0
3 17.5 16.8 50.3 6.7 6.1 2.9 12,304.0
Total 13.1 16.7 51.9 5.1 3.6 22 33,308.0
The main functional characteristics were statistically evaluated below (Figure 4):
30.80 35.80
25.80 50.80
25.80
. 20.80 "
:E: ’_L‘ E 2080
EE 15.80 T j: i [ E
10.80
10.80
5.80 5.80 —I_ I
0.80 0.80
1 2 3 1 2 3
Evaluation A. Evaluation A.
70.80 1400.80
60.80 .|. .|. 1200.80 "'
50.80 J. 1000.80
5 40.80 E 800.80
30.80 = 600.80
20.80 400.80
10.80 200.80 l
0.80 0.80
1 2 3 1 2 3
Evaluation A. Evaluation A.

Figure 4. Boxplots of four selected spatial parameters of windbreaks.

Comparing the median values in category 1 of the A rating, the values were height
=16.0 m, width = 7.0 m, age = 55 years, length = 474.0 m, for category 2: height = 18.0 m,
width = 9.5 m, age = 55 years, length = 757.42 m, and for category 3: height = 16.39 m,
width = 18 m, age = 55 years, length = 600.0 m.

The number of windbreaks classified to point system (mostly nonfunctional, condi-
tionally functional, functional) according to their parameters (A) presents the Table 5.

Table 5. Evaluation of windbreaks parameters.

Evaluation in Points
Parameters/Number of Elements

1 2 3
Al 13 18 17
A2 0 32 16
A3 0 34 14
A4 8 24 16

A basic regression analysis was used to evaluate the relationship between the evalu-
ated windbreak parameters (width, age, height and number of rows in total) and the overall
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point evaluation (1-3) in category A. The confidence interval was calculated for a 95%
confidence level. Selected processed outputs of regression analysis are listed in Table 6:

Table 6. Regression analysis of the relationship of basic wind parameters to the overall point evaluation.

Analysed Parameters of Correlation Coefficient of Significance Val
Windbreak/Statistic Coefficient Determination R F p-value
Width 0.609 0.371 3.428E x 107° 3.428 x 1070
Age 0.110 0.012 0.452 0.452
Height 0.026 0.001 0.860 0.860
Number of rows total 0.595 0.355 0.001 0.001

The analysis shows that the parameters width and number of rows in total have
a significant (Correlation coefficient) and statistically significant (Significance F) influence
on the overall evaluation of windbreaks. The correlation coefficient was 0.609 for the height
parameter and 0.595 for the number of rows. The value of the significance factor F was
below 0.05 for these parameters, which indicates a statistically clear result. This fact was
confirmed by the test of the null hypothesis (p); their value was less than 0.05. For the other
evaluated parameters, the effect on the evaluation was statistically inconclusive. This fact
is influenced by the fact that in the evaluated set of windbreaks, older windbreaks were
mostly represented (median and mode = 55 years). The evaluated windbreaks were mostly
represented by a height of 15 m (mode).

Exemplary evaluation of individual windbreaks (category A) is demonstrated on
the model localities Micmanice (Figures 5 and 6) and Bulhary (Figures 7 and 8).
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Figure 5. Study locality Micmanice.
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Figure 6. Study locality Micmanice: windbreak 2.
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Figure 7. Study locality Bulhary.
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Figure 8. Study locality Bulhary-windbreak 1.

e  Study locality Micmanice

These windbreaks (Figure 5) are functional, both as individual elements and as a sys-
tem. The individual elements are functional mostly conditionally; according to their spatial
parameters, some of them are rather nonpermeable, and their species composition, while
not optimal, is adequate. The vertical structure of the levels is mostly adequate. Gaps are

found only in some places.
From the windbreak network, we selected two representative elements, and their

evaluation is given in Tables 7 and 8.

Table 7. Example of the evaluation of two windbreaks in study locality Micmanice.

Probable Method of
. Planti
Element Length  Width  Age anins A1l A2 A3 A4 Total Evaluation
Designation (m) (m) No. of Distribution
Rows
Mic-1 1011 6 45 3 rows 1 row of trees 1 2 3 2 8 2
2 rows of shrubs
Mic-2 600 20 55 10 rows 8 rows of trees 2 3 3 3 11 3

2 rows of shrubs
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Table 8. Example of evaluation of two windbreaks in study locality Micmanice.
Element Designation Woody Plants Sign. Woody Plants-Names Type of Plant (%)  Height (m)
Mic-1 JV Acer platanoides Trees 55 15
JS Fraxinus excelsior Trees 20 15
JV] Acer negundo/Negundo aceroides Trees 15 12
JLM Ulmus minor Trees 5 15
DB Quercus robur Trees 5 15
Elder Sambucus nigra Shrubs * *
Caragana Caragana arborescens Shrubs * *
Birdseed Ligustrum vulgare Shrubs * *
Mic-2 JV Acer platanoides Trees 40 16
JS Fraxinus excelsior Trees 30 16
JV] Acer negundo/Negundo aceroides Trees 20 13
DB Quercus robur Trees 10 16
Elder Sambucus nigra Shrubs * *
Caragana Caragana arborescens Shrubs * *
Birdseed Ligustrum vulgare Shrubs * *
Blackthorn Prunus spinose Shrubs * *

* Due to high variability in height and percentual representation, was not assessed.

In the figure below (Figure 6), there can be seen the view of windbreak 2 in the late
spring.

e  Study locality Bulhary

These windbreaks (Figure 7) are functional conditionally as individual elements, not
as a system. The individual elements are functional mostly conditionally; according to their
spatial parameters, some of them function rather by stopping the wind, with deficiencies
in the species composition (about 50% of poplars and box elders) and in the vertical
structure of levels, which is not adequately differentiated. The windbreaks contained gaps
due to the disintegration of the cover backbone.

Of the assessed windbreaks, we selected two representative elements, and their
classification is given in Tables 9 and 10.

Table 9. Example of the evaluation of two windbreaks in study locality Bulhary.

Element Length Width Age Probable Method of Planting Al A2 A3 A4 Total Evaluation
Deélgna- () ) No. of Distribution
tion Rows
Bul-1 1216 14 60 6 rows 1 row of poplars 3 2 2 1 8 2
only
4 rows of shrubs
Bul-2 708 14 60 6 rows 2 rows of trees 3 2 2 1 8 2

4 rows of shrubs
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Table 10. Example of evaluation woody plant representation of two windbreaks in study locality Bulhary.
Element Designation Woody Plants Sign. Woody Plants-Names Type of Plant (%) Height (m)

Bul-1 TP Populus nigra/xcanadensis Trees 50 22
DB Quercus robur Trees 25 16
JS Fraxinus excelsior Trees 10 18
LP Tilia cordata Trees 10 15

TR Prunus avium Trees 5 12

Elder Sambucus nigra Shrubs * *

Caragana Caragana arborescens Shrubs * *

Amorpha Amorpha fruticosa Shrubs * *

Wild rose Rosa canina Shrubs * *

Bul-2 TP Populus nigra/xcanadensis Trees 50 20

DB Quercus robur Trees 20 16

JV] Acer negundo/Negundo aceroides Trees 20 14

JS Fraxinus excelsior Trees 10 16

Amorpha Amorpha fruticosa Shrubs * *

Caragana Caragana arborescens Shrubs * *

* Due to high variability in height and percentual representation, was not assessed.

In the figure below (Figure 8), the view of windbreak 2 in the spring can be seen.

4. Discussion

To plan the investments, work phases and long-term perspective for maintenance
and restoration of the existing elements, additional facts must be taken into account.
During our study evaluating the windbreak efficiency, we noticed the need to update
the applied methodology by adding evaluating criteria not yet included in the classification,
in particular:

Evaluation of the physiological state of the element (backbone woody plants);
Instead of age (time from planting), evaluation of the age stage and vitality of
the cover/woody plants;

e  Evaluation of the method of building the element as a base for the decision on the pos-
sible way of its restoration;

e Evaluation of the potential of the element and a rough estimation of the possible
duration of its adequate functionality.

The majority of the assessed elements lack long-term professional care, which is
in accord with the findings of [32]. The used methodology allows the evaluation of
the windbreak state not only as anti-erosive protection elements but also of their multi-
functional effects in the landscape ecological network. Both [32] and [33] concentrated
only on the health status of the stands and their species composition and did not consider
their role in the anti-erosive protection; the role in the ecological stability was evaluated
only subjectively. Other authors of [34-36] assessed the vegetation elements only from
the aspect of species composition and development as well, without evaluating the anti-
erosive function. In contrast, [26,37-39] and others focused on the study of optical porosity
of the windbreaks and its effect on the wind speed reduction. Boitani etal. [1] pointed out
the need to interconnect all the levels and approaches to the protection of the landscape
stability and the difficulties of objective evaluation of the functions and importance of the el-
ements of ecological stability. The method presented in our study is devoted to permanent
vegetation linear elements as integral parts of the landscape ecological network in their
complex relationship to the environment. It aims to objectively evaluate the windbreaks
for the needs of their proper maintenance, restoration and building. Our analysis revealed
extensive utilisation of geographically non-native woody plant species in the evaluated
windbreaks, as at the time of their building, it was usual, but in the present legislation,
this state is not permissible. Some of the used woody plants can be designated as invasive
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species, and in some localities, the authorities of nature preservation recommend their
global elimination. The design of necessary guidelines for the selection of woody plants
suitable for covers with the required windbreak function thus represents a separate prob-
lem. The resistance of the utilised woody plants and cover against gradually increasing
extreme climatic effects is another prerequisite for selection and recommendation of ade-
quate species and the method of building vegetation elements using a suitable biotechnique.
The approach to building new and complementary linear elements with optimal spatial
parameters, including their orientation and density, must be based on the knowledge of
the potential and limits of the area and supported by the data obtained using the selected
methodology.

5. Conclusions

The results of the investigation of the functional properties of windbreaks in category
A showed that windbreaks meet the requirements for their heights and gaps to a certain
extent—they are mostly classified in grades 2 and 3. The representation of tree species can
also be characterised as moderately satisfactory. In terms of the width of the windbreaks,
13 windbreaks did not reach the optimal width, which is especially true for single-line
permeable windbreaks or “unmaintained wide belts”. This is mainly due to neglect of
line porosities, their overgrowth into arable land or, conversely, the original planting of
single-line windbreaks (Table 5). The average height and age of the windbreaks (tree layer)
are similar for all windbreaks regardless of their point rating (Table 4). It also indicates
the neglect of the stands, the need to clean old trees and plant new ones. The number of
rows of trees and shrubs and the width of the windbreak play a major role in evaluating
the overall condition of the windbreak and its effectiveness against wind erosion (Table 4).

The evaluation of the windbreak network using category B is, to some extent subjective,
necessarily, but it is possible to rely on objective data, such as the prevailing wind direction,
data on ecological networks from spatial planning materials and terrain morphology
obtained from Digital Model of Relief (DMR).

Our evaluation of windbreaks showed that temporally unified building of the entire
system of windbreaks in one locality is the main factor causing the formation of worn-out
covers of the same age due to the global disintegration of the backbone woody plants.
The considered guidelines for restoration and building of vegetation elements are, therefore,
directed to their stepwise renovation, with preserving parts of the elements in the unsuitable
state and removing only individual risk woody plants.

Evaluation of both fully grown windbreaks and newly planted vegetation elements
show the need to consider all the required functions of the element without favouring only
one: the effectiveness of protection against wind erosion.

The issue of windbreaks and their irreplaceable functions in areas susceptible to wind
erosion has become the subject of many discussions. In recent years, attention has turned
to their importance for soil conservation, attenuation of the impacts of climate extremes,
support of extra-productive functions of the landscape, and last but not least, as part of
agroforestry systems. The plantation of alleys in fields is one of the forms of agroforestry.
In the Czech Republig, it is just at its beginning but represents one of the possibilities
to attenuate the impacts of climate change on the agricultural landscape [40]. Besides
ecological benefits, trees may also bring economic benefits to the farmers. The planned use
of the timber may determine the selection of the woody plant species.

Responsible design and application of measures supporting maintenance and improve-
ment in the landscape stability require not only the knowledge and objective evaluation of
the state of particular linear elements—windbreaks—but their restoration and long-term
care based on practical experience and support of scientific findings. Restoration, care
and building new linear elements should apply modern approaches to the selection of
the species composition, which often reflects the need to react to climate change and re-
store plantations of traditional endemic woody species typical of the particular station,
which, therefore, has more resistant and increases the aesthetic value of the area. Particular
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attention should be paid to the selection of optimal woody plant species having regard to
the increasing mean temperature and lack of moisture in some regions.

The methodology presented in this paper was, at first, focused on the function of
windbreaks against wind erosion and the protection of the arable land because, in the past,
it was the main purpose for planting them. At the second, we thought about their ecosystem
services, which will be our important future survey work. Now we propose to evaluate
(by the presented methodology) the windbreaks planted in the area endangered by wind
erosion in our country. Then we propose to develop a new methodology—how to plant
new linear elements and how to rebuild /reconstruct the present ones so that they fulfil
both their wind protection functions and the ecosystem services.

In decision-making and projects, the interested parties can complement the existing
approaches and methodologies with the additional partial evaluation criteria. This will
allow more effective decisions on the urgency of the restoration works and more responsible
division into phases considering the possible methods of restoration. All recommendations
concerning the species selection, biotechnology and plantation forms should be proposed
with the awareness of climate change.

The major obstacle to planting, besides the ignorance of farmers and inequality of
the funding conditions, is the management of rented land, which prevails in the Czech
Republic. Planting trees represents a long-term investment, and the land plots are often
rented, some for few years only. Land consolidation could be an effective tool to support
agroforestry and planting linear vegetation. Priorities of the land consolidation in its role
of the community serving investment should concentrate on applying such measures
that would contribute to facilitating the preservation of natural resources and improving
the rural areas particularly. There is no doubt that windbreaks as multifunctional elements
in the agricultural landscape represent such measures.
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