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Abstract — The use of shelterbelts as windbreaks to protect and increase field productivity has a long history
in Hungary. Nevertheless, when shelterbelts began to wane, many environmental problems such as soil
drying, deflation, and erosion began to occur, which in turn led to economic difficulties. Earlier field
experience supported by new results indicates that shelterbelts are beneficial for intensively-treated fields,
this despite the space shelterbelts require. Our research study aims to summarize the information available in
Hungarian and international literature regarding the most effective shelterbelt structure. In addition, the study
supports the design of multipurpose tree plantations with recommendations to mitigate climate change
impacts and minimize the negative effects of intensive agricultural technology. In this article we would like
to draw attention to the fact that shelterbelts can serve as effective tools in agroforestry and can be regarded
as a means of ensuring economically and environmentally sustainable methods for agriculture. Below, we
summarize how shelterbelts can help with adaptation to coming global and local challenges; we also describe
why and how shelterbelts can be renewed and implemented in a reasonable way.

shelterbelt / productivity / green infrastructure

Kivonat — Az erdésavok szerepe intenziven miivelt mezdégazdasagi teriileteken - szantéfoldi
agrarerdészet Magyarorszagon. Egyes europai orszagokban komoly hagyomanyokkal rendelkezik a
mezdveédo erdosavok telepitése az épitett kornyezet, a szant6foldek védelme, a termelékenység ndvelése
érdekében, a széler6sség csokkentése és a klima szabalyzasa altal. Ahol ezeket az erddsavokat
felszamoltak, komoly kdrnyezeti problémak meriiltek fel, mint példaul er6zio, a talaj kiszaradasa,
deflacio, amelyek gazdalkodasi nehézségeket okoznak. A korabbi szakirodalom és jelenlegi eurdpai
kutatasi eredmények alapjan gy tlnik, a teriiletfoglalassal egyiittvéve is elonyosek az erdésavok az
intenziven miivelt teriileteken. Kutatasunk célja, hogy a magyar és nemzetkozi szakirodalom alapjan
Osszefoglaljuk a mez6védo erddsavok leghatékonyabb felépitésérdl rendelkezésre allo informaciokat,
és ajanlasokkal tamogassuk a tobbcélu erddsav rendszerek tervezését a klimavaltozashoz valo
alkalmazkodas és az intenziv mezdégazdasagi technologiak kedvezodtlen hatdsainak csokkentése
érdekében.

erddsav / termelékenység / zold infrastruktira
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1 INTRODUCTION

Extreme weather, droughts, and the increased frequency of flooding have negative impacts on
natural vegetation as well as the quantitative and qualitative parameters and safety of
agricultural production (Akpoti et al. 2019, Luetzenburg et al. 2019, Wiréhn 2018). Erosion,
pollution, snowdrift, frost, and drought can all cause problems for infrastructural facilities (e.g.
roads), and for quality of life as well. (Echavarren et al. 2019, Khavarian-Garmsir 2019).
Natural or anthropogenic impacts can be reduced through technological solutions, but living
plant organisms may replace these or increase their efficiency when biologically active areas
are developing, which can favourably affect the quality of the environment (e.g. protecting
species and soils, climate conditioning.) Targeted usage of appropriately planted vegetation
(including non-forest plantations® as well) can significantly contribute to the supportable
execution of ecological needs, and the requirements of environmental management and nature
protection. In that way, the development of shelterbelt systems could strongly contribute to the
EU Strategy on Green Infrastructures (Gls), which promotes the deployment of Gls across
Europe (EC 2013).

The first shelterbelt data in Hungary is connected to a windbreak established in 1802. The
aim of planting 10 rows of willow trees was to settle drifting sand and facilitate agricultural
production (Danszky 1972). The first purposeful establishment of forests were in the 1950s,
which resulted in the shelterbelts reaching their maximum length in Hungary in this period
(Négyesi 2018). Agricultural techniques developed by leaps and bounds until the 1970s,
causing a demand for large-scale farming. This in turn led to a decrease in shelterbelts as the
space reserved for them were absorbed into farming (Takacs — Frank 2008). In addition to this,
shelterbelt ownership became unclear after communism ended; therefore, many remaining
plantations were simply abandoned. Nowadays, the common European Union agricultural
policy supports establishment of shelterbelts, and they are intensively researched alongside
economic interests and ecosystem services.

The significance of this study is that it evaluates the effects of shelterbelts in a
multifunctional way based on the results of studies from different perspectives accumulated
over decades. The collected data indicates that, aside from their land requirements, the most
significant disadvantage of shelterbelts is the decrease in yield caused by competition. A
properly planned and planted shelterbelt comprises a very small portion of agricultural land,
and its advantages are many times greater than its disadvantages (Mize et al. 2008). Moreover,
root pruning effectively reduces the competition with the crop (Kort 1988, Kowalchuk et al.
1995).

2 THE EXTENT OF SHELTERBELT SYSTEMS IN EUROPE

Hedgerows and shelterbelts are grouped together as windbreak tree plantations in European
surveys and project reports; therefore, separate data for each is currently unavailable. These
agricultural protection plantations in some European countries are examples of the integration
of trees with farming systems. Herzog (2000) defines hedgerows as structures comprised of
trees or bushes that separate land parcels of different owners. Data from 2001 estimated the
area of hedges to be 117,174 ha for England, Scotland, and Wales (den Herder et al. 2015).
Hedgerows and windbreaks cover about 12,400 ha in Belgium (den Herder et al. 2017, based
on Etat de I'Environnement en Wallonie 2010). In Hungary, a shelterbelt system of around
16,400 ha could be found in 2001 (Takacs — Frank 2008), which is only half of the area occupied

! non-forest plantation: planting trees on areas, on which agriculture is unprofitable, or along streets, irrigation
canals, cisterns, watercourses, or in the surroundings of settlements or monuments (Gal et al. 1960).
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by these agroforestry systems in the 90s. According to the estimation, between 40-80% of the
hedgerows have disappeared in Europe since the end of 1960s (Herzog 2000). The policy in
itself was not the only cause; the use of land solely for production was also a factor (Baundry
et al. 2000).

Though many traditional agroforestry systems have disappeared with the intensification of
agriculture since the 1960s, a revived interest in integrating trees with agricultural production
systems has occurred. “This interest comes from farmers who can see benefits in terms of
increased and more diversified production” (den Herder et al. 2015).

The authors of this article would like to draw attention to shelterbelts as effective
instruments for agroforestry and for economically and environmentally sustainable agriculture.
The study provides a summary of how shelterbelts can help the adaptation to coming global
and local challenges through ecosystem services, and offers clear guidelines on the reasonable
implementation of shelterbelts.

3  WINDBREAKS

Shelterbelts decrease harmful effects mainly by reducing wind speed. The reduction of wind
speed through shelterbelts of appropriate structure and direction may generate micro and mezzo
climate changes that are advantageous for cultivated crops. Furthermore, these plantations can
reduce accident risk on motorways by eliminating snowdrifts caused by crosswinds along roads,
as well as limit the spread of pollution, dust, and erosion on bare surfaces. They can also reduce
the spread of foul smells. The establishment of a shelterbelt is a relatively cheap solution for
protecting agricultural land. The efficiency of reducing wind speed is about 10-15% on the
windward side, and can reach 60% on the leeward side (Boskovic et al 2010).

The effectiveness of shelterbelts as wind speed reducers can be best described by the
openness factor, which is the ratio of wind speeds measured on the protected side behind the
belt and those measured in open areas. The openness factor depends on the “porousness” of the
shelterbelt’s structure measured in its leafy condition. The most effective are the so-called
fretwork or porous-structured shelterbelts. In these belts, the gaps that let the moving air through
add up to 10 to 30% to the lateral surface, creating an openness factor of between 0.35 and 0.70.
This means the wind speed on the protected side of the shelterbelt will generally be reduced by
50%. Behind closed plantations (without gaps or at less than 10% of the lateral surface),
turbulence, heat pockets, and frost corners may develop. Open belts (with a gap ratio of more
than 30%) are ineffective at reducing winds and may even increase wind speed through the so-
called echelon-effect (D6msodi 2010, Gal 1972).

Regarding the widths of shelterbelts, these can be categorized into three main groups.
Narrow belts are 6 to 11 meters wide and contain 3 to 7 rows. Medium belts are 12 to 20 meters
wide containing 8 to 13 rows, while wide belts with widths of 20 to 30 meters and 14 to 20
rows belong to the category of protecting forests (Gal 1972).

The results of Gal (1961), which assessed the wind-reducing effects of different shelterbelt
structures in relation to their height, are summarized in the chart below (the extension of
protective effects is given by a multiplier to the height of the trees).

At lower wind speeds, the effectiveness of dense shelterbelts decreases, whereas that of porous
ones increases.

Based on research results and economic aspects that were also taken into consideration, the
deployment of mainly narrow — 12 to 15 meter wide and 7 to 9 row — porous belts is
recommended (Gal 1961).

Recent researches have introduced the concept of total area density (Ad), which is obtained
by dividing projected area of leaf, branch, and stem per unit ground area, by the average crown
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length, because most of the total area of vegetation is in the crown mainly. Ad multiplied with
the width of the shelterbelt (Ad x W) is considered to be a measure of the total surface area per
unit length of the shelterbelt obstacle. Torita-Satou (2007) found a significant positive
correlation between the sheltered area and W x Ad.

Table 1. Efficiency of different shelterbelt structures, h = tree height (based on Gal 1961)

Effect Distance
closed porous open
Windbreak fron_t side _ 5-22h 3-17h 5-10h
behind/protected side 15— 49h 15 —51h 11 —20h
Highest protection 1- 5h 1- 5h 1-10h
Practically important (min 50%) wind decrease 10h 10h -

Curiously, Hungarian experiments showed that snow stopping properties of shelterbelts are
not influenced by porousness, but rather by tree height, the geographic structure of the belt, and
the surrounding surfaces (Takacs 2008). The more complex the obstacle we set up
perpendicularly to the wind direction is, the better the expected result should be. A complex 4-
row plantation alongside the road at a minimum distance of 20 meters, where the line of trees
is combined with an edge of shrubs (e.g. articulated in two parts), can be more effective than a
conventional 8 to 10 row protective belt. The reason may be that the articulated structure of the
4 row belt and the turbulence created by it can change the direction of the wind vectors and the
energy of the particles conveyed by the wind. Thus, the particles settle along the wind-exposed
side of the belt in a strip about 20 meters wide in the uncovered area between the belt and the
line of trees (shrub) as well as on the embankment between the road and the line of trees.

As described above, in addition to appropriate orientation, the most important factor is to
shape the structure so that it is suitable for the purpose of protection. Experience shows that it
is unnecessary to plant 15 to 20 row-wide shelterbelts since the first couple of rows of trees can
break the strength of winds insofar as it does not endanger the protected area or project.

Model experiments show that the length, height, width, and cross-sectional shape have an
effect on the aerodynamic features of the shelterbelt, as well as on the internal structural
components, such as the amount and arrangement of its vegetative surface area and volume, as
well as the geometric shape of individual vegetative elements (Brandle et al. 2004, Zhou et al.
2004).

4  MITIGATION, CLIMATE ADAPTATION AND PRODUCTIVITY

Transpiration and assimilation are much higher in forests than in other forms of vegetation due
to the high leaf-surface index, which has a cooling effect on the environment. Thus, the carbon
sequestration of the forested areas coupled with agricultural systems may dampen global
warming, while enhancing productivity (Amichev et al. 2016, Matyas (ed. ) 2005).

The effects of shelterbelts that influence the micro-climate (e.g. windbreak, increasing the
relative moisture of air, decreasing evaporation, promoting the formation of dew and
homogeneous blankets of snow), manifest themselves in increasing agricultural productivity.

Decreased air movements help reduce plant and soil evaporation. This leads to an improved
water balance and hydration and, thereby, lower energy requirements to compensate
dehydration. Stomas do not close in lighter winds, enabling undisturbed ventilation. Reduced
air movement reduces the chilling of the environment; thus, soil and air temperatures increase,
which is favourable for germination, the function of plant cells, and soil microbes, too (Szarvas
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2010). The physical damage (twisting by the wind or sandblasting by eroding particles is
smaller in the protection of a shelterbelt (Boskovic et al 2010).

Summarizing the results of several researchers (Kolis 1979, Takacs 2008, Abdalla —
Fangama 2015, Zheng et al. 2016), we can conclude that a 10-12m wide, articulated and at
least 20m high, but young shelterbelt, supplemented with a shrub zone to break wind and snow,
can have a positive effect on crop yield up to a distance of 300 m for a wide range of crops:
groundnuts, cotton, vegetables, cereals, maize.

A statistically evaluated yield analysis was carried out in the 1960s for the seven most
important crops (winter wheat, winter and spring barley, alfalfa, maize, carrot, pasture grass) in
18 selected areas in Hungary (Gal 1963). The conclusion was that the production-increasing
effect is demonstrable on both sides of the shelterbelt, regardless of their compass orientation.
The best result is achieved if shelterbelts are situated perpendicularly to the typical direction of
wind. In Hungary, shelterbelts positioned in an east-west direction are the most effective since
protection against wild northerly winds and dry southerly winds is extremely important. The
danger of drought occurs mainly with winds with a temperature higher than 25 °C / 77 °F, and
relative moisture lower than 35%.

Concerning the wind-breaking and snow-catching properties of shelterbelts, the width of
the protected zone for increased yield is influenced mostly by the height and structure of the
shelterbelt; the width has no significant influence.

The width of the effective zone can be 6 to15 times bigger than the height of trees on the
northern and southern side of the shelterbelt, while on the eastern and western side, this is
limited to 8-10 times. The biggest rise in crop yield has been experienced in a strip 3-10 times
wider than the height of the trees.

The favourable effects on climate and yield are more apparent in shelterbelt sites situated
in locations that experience weather extremes and drought; the more extreme the conditions,
the more apparent the favourable effects become.

Table 2 shows the extra yield on shelterbelt-protected areas, compared to samples taken
from unprotected control plots.

Table 2. Extra yield in shelterbelt-protected plots (Based on Gal 1963)

Plant species Extra yield (%)
winter wheat 9.8 — 26.8
winter barley 1.7
spring barley 6.1 — 335
alfalfa 20.3 — 22
maize 29 — 28.7
carrot 6.2
pasture grass 15.3

In comparison, Nuberg (1998) found similar values of the weighted mean yield increase
except for alfalfa, which reached 99% in Australia.

However, as stated in both research studies, somewhat weaker crop yield has been found
in areas close to the shelterbelts —a distance ranging from 5-60 m —than in the middle of the
plot. In Hungary on the southern edge of the shelterbelt, this negative effect is less significant.

The effect of shelterbelts on crop yield depends on the sensitivity of the crop against wind
(Gal 1963).

Nevertheless, shelterbelts increase the overall safety of yield due to the protection they
offer against drought and wind damage.
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5 SOIL PROTECTION

In agricultural plant producing systems, irrigation alone cannot prevent drought or solve water
supply needs; this is particularly true on sites stricken by extreme weather. Irrigation influences
soil water balance only. Combating atmospheric drought requires the reduction of dry winds.
In the absence of this, the wind continuously replaces the moist air layers that result from
evaporation and transpiration. As a result, the need for irrigation increases, and the requirement
of secondary salinization in soil occurs. The favourable micro-meteorological effects of
shelterbelts result not only in improved productivity of non-irrigated agricultural sites, but also
play an important role in increasing irrigation efficiency and soil protection. Beyond that, based
on an examination of microflora and microfauna in  soil  profiles,
8-10-year-old shelterbelts also have a favourable effect on deeper soil layers. Beside soil
ventilation, life in the soil is also positively influenced by plantations of mixed stands. Deeper
soil layers also have the opportunity to unfold nutrients, which is beneficial for tree growth (Gal
et al. 1960, Carnovale et al. 2019). Regarding carbon sequestration, several research studies
(Sahaetal. 2009, Nair et al. 2010, Lorenz — Lal 2014) reveal that tree plantations on agricultural
land can significantly increase soil organic carbon (SOC) content. Long term managed
plantations such as shelterbelts can store SOC in the upper soil level similar to adjacent semi-
natural forests (Lorenz — Lal 2014). Tree species richness increases the amount of stored SOC.

Establishing shelterbelts can provide solutions for damaged areas such as industrial sites,
landfills, and sludge reservoirs that cannot be afforested due to their toxicity. In such cases, the
area surrounding the contaminated site should be afforested in the interests of environmental
protection. Over a longer time period, conditions at these contaminated sites can improve
through the benefits shelterbelts provide (windbreak, flue-dust, lixiviation of toxic material),
which first enables the settling of natural grass and, later, the growth bushes and trees (D6msodi
2010).

Shelterbelts also can be a solution for gully erosion, as mentioned in Deng et al. (2015).
They recommend an optimal planting density of farmland shelterbelts for the prevention of
gully erosion at 1100-1300 m/km?.

Examining the annual water budget on soils, well-shelterbelts can lead to a favorable
process in protected areas: atmospheric precipitation rises, physical evaporation from the soil
surface decreases, and the accumulation of considerable water reserves in the soils occurs
(Lazarev 2006).

6 NOISE AND AIR PROTECTION

Due to their effectiveness and limited space requirements, technological solutions are the most
commonly used methods for noise reduction near motorways. Nevertheless, building noise
barriers can be disproportionately expensive in cases involving longer road sections or a diffuse
noise source with a large extension. In addition to their windbreak function, shelterbelts can
also serve as effective noise reducers when the distance of the sound traversing the plantation
(so the width of the belt) is @ minimum 30-50m. In this case, noise is reduced up to 3-4 m
height from the surface, but the noise reduction is not more than 10-15 dB (Islam et al. 2012).
However, the literature also refers to the so-called screen-noise created by the whispering leaves
of trees, which can have a soothing, relaxing effect.

Plant usage, mainly with sufficiently wide tree or bush rows, has many additional
favourable aspects that artificial technical solutions do not provide. For example, in contrast to
walls, plants absorb the sound of vehicles rather than reverberate and increase the noise. In
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addition, they also provide all the added benefits green spaces provide, ranging from carbon
sequestration to making a microclimate more pleasant (Palotas 1985, Barotfi 2000).

The many problems associated with air pollution validate the air-purifying function of
shelterbelts. Tree stands increase the roughness of the surface and cause vortexes in streaming
air. The leaves catch not only the precipitation, but also filter out dust, heavy metal, sulphur-
dioxide, freon, etc. As well as improving the CO> balance of our atmosphere, forests stands
have a significant filter effect against trace gases and aerosols; however, this environmental
influence can be fatal for tree stands in extremely polluted areas. Under the effect of vortexes,
the transported particles deposit on the surface of leaves, herbaceous plants, and soil (Heath et
al. 1999, Islam et al. 2012). The scale of turbulence depends principally on scragginess of crown
storey, while adhesion of aerosol particles is influenced by leaf area index (LAI), leaf surface
features, and crown structure (Matyas (ed) 2005). Prominently high deposition values were
measured in spruce (Picea) stands, with high surface roughness (Takacs 2008).

According to the measurements of Kolis (1979), the 15-25 ppm CO concentration near
the motorway is not demonstrable at the opposite side of the shelterbelt, while 11ppm
concentration in areas without shelterbelts decreases only to 1.2ppm at a distance of 50m from
the motorway. A consistent tree plantation at a width of 10-12m can catch the deposition of
smut as well as gaseous, small-sized particles that may be harmful to respiratory organs. An
increasing number of researchers agree (Férian — Hagymassy 2009, Chen et al. 2015, Amadi et
al. 2016, Amadi et al. 2017) that wayside hedgerows or tree plantations can play a significant
role in suspending air pollution and salty sprinkle, the contaminated rainwater sprayed by
vehicles. Another point of view is that tree stands act as complex “filters” and play an important
role in the natural accumulation of pollutants. The typical air drifts connected to afforestation
work very much like a conveyor belt as they transport the air moisture, carbon-dioxide, and
other gaseous components of metabolism (Willis et al. 2017). The relatively lower temperature
in the forest processes an intensive air transport between the atmosphere of the forest and the
layer above, which dissolves pollutants into the stand. Forest stands also have their own air
circulation, and this helps the pollution engaging effect of the forest.

7 ECOLOGY

The wildlife of many areas is affected by human establishment and activity. Human activity
and construction alters natural areas, disrupting the contacts between certain wildlife
populations, migration opportunities for some individual wildlife species and, finally, affecting
the sum of natural living conditions for wildlife. Coherent non-forest tree stands, for example
shelterbelts, which can serve as ecological corridors, are suitable for limiting the impacts human
activities can have on a landscape (Barna 2004). These ecological corridors, together with
protected areas and other semi-natural sites, can create a network of biotope systems, and as
“green corridors” can ensure the variegation of sites, life circumstances, communication, and
the spread of interconnected plant and animal species. In addition, shelterbelts are ecological
systems that can contain significant wildlife; several species within these are natural predators
of pests, which can have a beneficial impact on agriculture through pest reduction (Szarvas
2010, Todd et al. 2018, Gontijo 2019). Furthermore, by reducing wind speed, shelterbelts can
significantly prevent the spread of some wind-carried pests and aphid-transmitted viruses (Mize
et al. 2008).

Though farmers generally consider ecological issues to be of lesser importance than economic
factors, they do experience and appreciate the strong correspondence between ecology and crop
productivity and sustainability. The influence that the presence of pollinators has on different
production systems is a good example of the relationship between ecological and economic factors.
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For example, bees not only directly create food by converting nectar to honey, but more importantly
support agriculture through their pollination activity. According to URLZ, it is commonly
understood that bees are responsible for at least one-third of all global food supplies and billions of
dollars of agricultural production. Bee-dependent crops include the majority of tree fruits and
berries, several vegetables, and some important forage species such as alfalfa, clovers, and legumes.
Having a diverse population of pollinators is even better as this can ensure crops receive some
pollination and fruiting even if honeybee populations fail.

Bee keeping is promoted by CAP Pillar 11 in the European Union, which is the world’s
second largest honey producer. (Santiago-Freijanes et al. 2016). By providing pollens and
nectars for bees, shelterbelts can play a significant role in domestic honey production as well
(Donkersley 2019). The wind speed reducing effect of shelterbelts causes a higher amount of
pollinating insects on the protected field compared to the open areas. Honey bee (Apis mellifera)
flight is inhibited at wind speeds of 6.7-8.9 m/s (Mize et al. 2008). By providing pollen and
nesting resources for honey and wild bees, shelterbelts positively affect the diversity of the
pollinator fauna (Hass et al. 2018). The intensity of the management — both for shelterbelts and
adjacent crops — also affects bee diversity (Wu et al. 2019) and total gamma diversity (Duflot
et al. 2015).

The changes in agricultural practices and the movement away from diverse landscapes in
the past 50 years, has caused a significant decline in pollinator species (Odanaka — Rehan 2019).
Multi-canopy layouts with permanent herbaceous soil cover provide year-round benefits to bees
and agricultural systems as a whole by lengthening the available term of pollen starting early
in the year with willow (Salix sp.) and hazel (Corylus sp.) and then ending with chestnut
(Castanea sp.) and English ivy (Hedera helix). Other species are a source of nectar, including
maple (Acer sp.), mountain ash (Sorbus sp.), blackthorn (Prunus spinosa), quince (Cydonia
oblonga), and elderberry (Sambucus sp.), or honeydew, e.g. poplar (Populus sp.), beech (Fagus
sp.) or propolis, as oak (Quercus sp.) and certain conifers. These effects can nearly double
honey harvest volumes (Clément et al. 2016). Though honey bees are a focus of research
because of their dominance in pollinator communities, wild bees and other pollinators can
actually be more effective pollinators due to their higher frequency of contact with the flowers
(Foldesi et al. 2016).

Hundreds of useful wild bee species and subspecies are unique pollinators of many seed
crops, including rapeseed for oil, legumes as secondary crops, cultivated fruit plants etc. Open
areas may be left inside or on warm margins of larger patches in net nodes when designing
shelterbelts to make feeding or nesting areas for game and thermophilous wild bees, spiders,
and other insects (Zajgczkowski 2016, Morrison et al. 2017).

Semi-natural habitats like shelterbelts also promote the appearance of generally forest-related
spider (Araneae) and beetle (Staphylinidae) species that do not occur or are only occasionally found
in intensive cultivation areas (Sz¢l — Kadar 2012, Li et al. 2018). Similarly, the species richness and
diversity of springtails (Collembola) also highlights the importance of shelterbelts in agricultural
environment (Winkler — Traser 2012, 2017). With bird communities, species specific to agricultural
fields and specific to forests appear and nest in the shelterbelt system. Also, species that rarely nest
in closed forests can often be found in shelterbelts (Janoska 2011). Similarly, special temporary
mammal communities appear in shelterbelt-protected agricultural areas. In addition to the common
rodent species and communities of cultivated areas, there is a steady population of generalist rodents
of European temperate forests (Németh 2014).

Although amphibians and reptiles are not typical animal communities on farmland, species
occurring only in wooded areas also occur in shelterbelts. This underlines the role of such tree
plantations as an ecological corridor by facilitating the migration and spread of amphibians
(Winkler 2012).
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8 SOCIO-ECONOMIC ASPECTS

In recent years, the role of landscapes has significantly changed. Attention is mainly directed
to those areas that have been attributed to a single destination such as conventional monoculture
agricultural areas. Nowadays, the process of transformation into multifunctional landscapes,
where people living in a region rely on a higher variety of resources, can be observed (Schaller
et al. 2018). In a multifunctional landscape a typically agricultural area is not only the scene of
agricultural production, but also a biological and social living space. Agroforestry systems,
including windbreaks and shelterbelts, are necessarily part of these multifunctional landscapes
due to their complexity, diversity, and valuable ecosystem services. These services bring
benefits to both landowners and society. Landowners benefit from shelterbelts in several ways.
While most environmental services such as soil improvement and increased biodiversity effects
cannot be estimated due to a lack of information and data, other benefits such as yield increment
and energy conservation are measured private benefits of shelterbelts supported by a number
of evidences. Society as a whole also benefits from shelterbelts in terms of climate regulation
through carbon sequestered in the system, and improvements in water quality and biodiversity
(Grala 2004, Kulshreshtha et al. 2018). In addition, the utilization of locally produced biomass
brings significant energy savings at the regional or national level and contributes to the
achievement of renewable energy targets.

Even though they offer many benefits for farmers, landowners, and society as a whole,
shelterbelts have been removed from many livestock farms, croplands and farmsteads
worldwide. The reasons for their removal include the following (Grala 2004, Tyndall 2009,
Pisanelli et al. 2012, Kulshreshtha et al. 2018, Amichev et al. 2020):

e space needed for buildings, equipment and other infrastructure
weather damage (flood, storm, fire, etc.)
damage by human activity (chemical or mechanical effects)
age of shelterbelt (tree degradation, structure disintegration)
change of land size and technology (intensification, larger machines, aerial spraying etc.)
poor market facilities
labour and time requirements for planting and maintaining trees and shrubs
the economic consequences of all aspects listed above
less experience and/or lack of knowledge on behalf of land users and landowners

The use of other agro-ecologically advantageous microclimate and soil improvement land
use methods (e.g. no tillage or reduced tillage, mulching, growing cover crops) is another
possible factor; the farmers may not perceive the benefits of shelterbelts and thus remove them.

According to some research examining farmer motivations, farmers who decided to
maintain or establish shelterbelts did so for a variety of reasons including snowdrift control;
dust, sand, noise, spraying, and wind protection; yield increment; livestock protection; firewood
production; aesthetic reasons; wildlife habitat; product diversification; and the mitigation of
livestock emissions (Dix 1976, Brandle et al. 1984, Vernon et al. 1991, Mertia et al. 2006,
Tyndall 2009, Kulshreshtha et al. 2018, Rois-Diaz et al. 2018). Having shelterbelts in arid and
environmentally sensitive areas is even more important as shelterbelts play a significant role in
optimising yield; furthermore, in certain places and growing seasons, shelterbelts are essential
for crop production (Mertia et al. 2006, EI Amain — El Madina 2014, Li et al. 2020).

Kulshreshtha et al. (2018), points out that the decisive factors in decisions to remove
shelterbelts are the educational attainment long-term planning of landowners.

A number of estimates have been calculated to examine whether it is worth keeping
shelterbelts and similar green linear infrastructure elements. The results are wide-ranging; some
show little benefit while others estimate a significant impact (Dix 1976, Vernon et al. 1991,
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Mertia et al. 2006, Tyndall 2009, Kulshreshtha et al. 2018, Pisanelli et al. 2019). In a U.S.
survey Brandle et al. (1992) concluded that windbreaks are an economically attractive
investment over a wide range of conditions. Analysis by Grala (2004) reveals that additional
crop yields necessary to break even vary significantly across windbreak scenarios, lifespans
and lengths of the protected zone. According to Tyndall (2009), 75 % of lowa hog producers
who believe shelterbelts help to physically and social-psychologically mitigate odours would
be willing to pay to plant and maintain shelterbelts. Livestock farmers likely see more direct
benefits of shelterbelts than crop producers do, primarily from the social-psychological aspects
stemming from public relations related to matters of odour control.

The economic and social value of natural assets can be measured by the sum of all the
benefits provided by their ecosystem functions. However, when examining economic aspects,
it is very important to emphasize that the large number of factors makes each system special;
hence, judging the benefits of maintaining shelterbelts requires a unique calculation tailored to
local circumstances. No universal method has been developed to calculate the value of positive
externalities due to positive environmental effects, which may be significant. Therefore, the
benefits shelterbelts extend to society are not considered by most producers in their
management decisions as they offer no compensation for the producers themselves. In contrast,
Rempel et al. (2017) found that producer costs were easily identifiable and that these strongly
influenced management decisions. Shelterbelt timeframes also complicate the issue. The
economic benefits of shelterbelts are only realized after 10-15 years, which is beyond the annual
timeframe by which agricultural producers typically operate. This contributes to increased
uncertainty that further discourages agricultural producers (Grala, 2004). Moreover, in many
cases, available subsidies provide little motivation for farmers to install or maintain shelterbelts.

The positive perception of farmers is a very important step in the adoption of agroforestry
practices (Mertia et al. 2006, Pisanelli et al. 2012, Kulshreshtha et al. 2018). Results of a survey
undertaken to determine farmers’ perceptions of silvoarable agroforestry across Europe in 2003
and 2004 suggest silvoarable agroforestry would become a more common feature of the
European landscape if it were provided with appropriate promotion and support (Rigueiro-
Rodriguez et al. 2009). CAP should support this type of farming by mutually reinforcing
measures rather than through exclusive measures, which should also be thoroughly explained
and encouraged by experts. Due to the lack of awareness and practical knowledge, Pisanelli et
al. (2012) and Rois-Diaz et al. (2018) highlights the importance of promotion at the institutional
level through training and extension activities with the aim of raising awareness of available
support in addition to practical knowledge of farming and alternatives. In order to promote
agroforestry, it is also essential to draw consumer attention to the quality of agroforestry
products and the ecosystem services provided by agroforestry systems.

9 POSSIBLE NEGATIVE EFFECTS OF SHELTERBELTS ON ADJACENT CROP

Though shelterbelts have many advantages, they do have some disadvantages as well. The
shade of the trees, the competition, and the spread of invasive plants have a negative effect on
crop yield. The most common mentioned handicap of the plantations in agricultural land is the
competition between woody vegetation and the adjacent crops, especially under conditions of
limited moisture (Brandle, et al. 2004, Jargensen 2009). Generally, the competitive zone is 1-2
h (h is the height of the trees), where the yield loss can reach 49% (Nuberg 1998). Although
competition is mainly for soil water content (Kowalchuk et al. 1995), tree shade reduces
opportunities for photosynthesis, and the roots increase demand on soil nutrients. The
allelopathic effect of litter also causes yield loss (Nuberg 1998). Theoretically, without wind,
the effects of shelterbelts would be negative; on the other hand, the trees reduce evaporation
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and maintain moisture by decreasing wind, which is a positive effect for crop yield
(Vandermeer 1989).

Shelterbelt competition can be decreased by root-pruning. The effectiveness of this
depends on the rooting characteristics of the trees/shrubs. A root cut in the top 60 cm of the soil
at 0.5 h distance from the trees eliminates the crop yield reduction for three years (Kort 1988,
Kowachuk et al. 1995).

The sensitivity of different crops for competition is various. While wheat and oats show a
larger loss in the shade of shelterbelts, the reduction in alfalfa and other perennial hay crop
yields is smaller. Corn showed no apparent yield loss due to competition (Brandle et al. (ed)
1988).

Although shelterbelts can provide habitat for wildlife, they may also promote the spread of
undesirable, for example invasive plant and animal species. The role of valuable or desirable
species also can be disadvantageous, particularly when they feed on crops rather than on pests
and weeds (Mize et al. 2008).

In addition to the disadvantages of the shelterbelts, the lack of theoretical knowledge and
practical experience about managing tree plantations is a great limiting factor for farmers
(Stancheva et al. 2006). Based on crop yield measurements, the installation of a shelterbelt will
pay off in the long run (Easterling et al. 1997). The protection effect appears after the trees are
6 years old and increases yearly, reaching the full efficiency at the age of 20 (Garrett — Buck
1997).

10 GUIDELINES FOR THE ESTABLISHMENT AND MAINTENANCE OF
SHELTERBELTS

The positive effects of shelterbelts will only prevail with well-prepared planning, appropriate
installation, and targeted usage (Yang et al. 2018). Therefore, some guidelines for the structure
and choice of tree species should be taken into consideration during installation. Takacs (2008)
determines the ideal shelterbelt structure as the following (Figure 1):
e an additional line of trees or shrubs should be settled on the windward side, 12-20 meters
from the edge of the shelterbelt,
e the windward side of the shelterbelt should be permeable and higher than the
accompanying shrub or tree line
e an open area between the shelterbelt and shrub line should be left
e trunk density should be high on windward side and thinning dense towards the leeward
side
e tree heights in the interior lines should be diverse (two-storey stands)
e the shape of the protected (leeward) side should be slope or stepped
e leeward edge does not extend beyond the crown projection of the outer tree-line
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Figure 1. Ideal shelterbelt structure

Starting from the protected site, a two-meter-high bushy strip is settled at 10 meters from
the belt. The edge of the belt is 3-4 meters wide and 5-6 meters high; 2 lines, 1 meter line
spacing, extending into the trunk space. Distances between the rows of trees are 1-1.5 meters
long, the trees are offset from each other. The height of the first line of trees is 15-16 meters,
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line 2 is 10-12 meters, line 3 is 18-20 meters and line 4 is 10-12 meters high. The edge on the
protected side has a more simple structure and reaches into the stand by 2—-3 meters. In this way,
the bandwidth can be maximized to 10-12 meters.

When using forest belt to protect against snow drifts the distance from the traffic lane
border should be at least 7 meters (10 meters without borders), but should not exceed 20 meters.
For this purpose, the use of two lines of shrubs and 2—3 tree lines on the exposed side while one
shrub-line on the protected side of the belt is sufficient.

Road

Besides forming a harmonic relationship between the artificial lines of traffic and landscape,
the aim of roadside afforestation is to improve traffic safety. Afforestation is used with the
goal of drawing attention to the road, accident prevention (forewarning of dangerous points,
end of road, slip road), and as an “optical stopper” effect. Other functions connected with this
are optical lead, shadowing the road, and protection against snow and wind. Furthermore,
afforestation plays a role in improving aesthetic and landscape values (fine view) (Takacs
2008).

Species

Tree and shrub species that primarily develop the appropriate belt structure providing suitable
protective effects are recommended for instillation in shelterbelts. In the site conditions of the
protected area, these species are able to grow quickly, form plant communities, and contribute
to the preservation of soil fertility. They are resistant to disease and weeds, and less sensitive
to chemicals used in agriculture. In addition to giving wood and fruits, they also serve as bee-
pastures. Wind resistance is also an important factor of selection (Table 3).

Table 3. Classification of tree species according to their wind resistance
(based on Barna 2004)

Wind resistant species  poplars (Polulus sp.), pedunculate oak (Quercus robur),
lime (Tilia cordata), elm (Ulmus minor), alder (Alnus glutinosa),
black locust (Robinia pseudoacacia)
Moderately Hungarian ash (Fraxinus angustifolia), larch (Larix sp.),
wind resistant species  beech (Fagus sp.), maple (Acer platanoides),
bigleaf lime (Tilia platyphyllos)
Physiologically hornbeam (Carpinus betulus), birch (Betula pendula),
wind-sensitive species  pine (Pinus sylvestris), red oak (Quercus rubra),
aspen (Populus tremula), spruce (Picea abies),
white pine (Pinus strobus), and common fir (Abies alba)

In order to design the optimal structure of the upper canopy, main tree species should be
selected in line with the specific site conditions. By using the proper species, the maintenance
of the shelterbelt will be sustainable for a long time. It is also important that a resistant tree
community with spread crown can be developed. The upper level is complemented by filling
tree species of the second level. These may already be shade-tolerant tree species, but utilizing
the given habitat conditions in the best possible way is necessary to help the growth of trees in
the upper level. The shrub layer is also a structuring element whose main task is to protect the
soil of the shelterbelt beyond forming its edge. Evergreen pines, juniper, thuja, and thick-
branched shrubs can be considered for the purpose of protection against winter and spring
winds. Thus, forest belts will not become open in winter; their snow-retaining ability will grow
and they may serve as winter shelter for wild animals.
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The design of shelterbelts requires simplicity. Excellent combinations can be developed by
the use of one or two main tree species, one to two complementary tree species, and one-to-
three shrub species. By contrast, the aim in the proximity of protected areas is to develop a
diverse combination of species providing stability. Tree and shrub species having advanced
root systems that can compete with agricultural crops e.g. Salix alba, Tilia cordata, Fraxinus
pennsylvanica (Gencsi — Vancsura 1992) are not recommended for installation. In addition,
those species that have strong root-shooting abilities, are wind or frost sensitive, and are less
resistant to disease or potential intermediate hosts of insects damaging crops, should also be
avoided (Table 4) (Gal — Kaldy, 1977).

Table 4. Attributes of shelterbelt types (Gd/ — Kdldy, 1977)

Type Complerr_lentary No. of Width Soil condition
tree species rows (m)
giant poplar (Populus x  maple 5 9  loamy agricultural soil,
canadensis “Robusta”)  (Acer platanoides) alluvial soil, peat soil,
sandy soil
Italian poplar (Populus  bigleaf lime 4 7,5 farmland with good
italica) (Tilia platyphyllos) nutrition supply,
peat soil of better quality
giant poplar (Populus x  large leaved lime 8 12,5 nutrient-rich alluvial soils,
canadensis “Robusta”) + (Tilia platyphyllos) heavy clay soil,
pedunculate oak humus sand,
(Quercus robur) improved saline soil
black locust (Robinia oleaster 7 11  sandy soils (not applicable
pseudoacacia) (Elaeagnus in heavy soils)

angustifolia)

pine (Pinus sylvestris), — 5 8  nottoo heavy clay,

red oak (Quercus rubra) loamy- or nutrient-dense
sandy soil

lime (Tilia cordata) +  maple (Acer sp.), 10 15,5 dry, slightly acidic soil

sessile oak (Quercus elm (Ulmus sp.), with thin topsoil

petraea) alder (Alnus glutinosa)

Beyond planning and creating the structure, proper maintenance is critical to keeping the
integrity of the shelterbelt spatially and through time. This is more difficult in systems where
all the individual trees and shrub components have been planted at the same time. However, the
management techniques of shelterbelts can be similar to general forest management, the
purpose is different. In case of shelterbelts, the aim of the management is to maintain their
effectiveness. The activities begin soon after planting with weed control till the canopy layer
closure (Zhu 2008). Later, the goal of management is to maintain the diverse structure and
porosity of the shelterbelt (Takacs 2008).

Consequently, in the absence of regeneration, effectiveness will decrease due to natural
mortality. It is therefore important to use a diversity of species in protective plantations and
inspect them regularly in order to identify and restore vulnerable parts of shelterbelts (Xie et al.
2018, URL2). A properly planned and planted shelterbelt comprises a very small portion of the
agricultural land, and their advantages are many times greater than their negative effects (Mize
et al. 2008).
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The current Hungarian support system does not give detailed guidelines for implementing
a shelterbelt. The number of trees in an agroforestry system is limited to 200-250 pieces/ha.
The width of the shelterbelt is defined from 15 to 20 m, and a 1 m wide shrub belt must be
planted in both sides. In order to reach the maximum efficiency and ecological benefits, the
available research results on the appropriate structure and species composition should be taken
into account in the future support regulation.

Acknowledgements: The project was supported by EFOP-3.6.2-16-2017-00018 in University
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