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Abstract: Establishing shelterbelts for field protection is one of the rediscovered agroforestry prac-
tices in Europe and Hungary. Several studies have focused on the effects of these plantations on
agricultural production. Prior scholarship reveals that shelterbelts enhance the diversity of bird and
insect communities but generally fail to consider herbaceous cover. Our study aimed to describe
the herbaceous vegetation in shelterbelts of different origins, tree species composition, and land
management. We investigated surveys in four agricultural landscapes of North West Hungary, where
the intensity of the landscape transformation is different. The diversity and species composition
of the herbaceous vegetation were analyzed, including plant sociology and forest affinity. Our
results highlight the importance of landscape history in herbaceous flora. Shelterbelts planted on
cultivated without an immediate connection to former woody vegetation soil are not appropriate for
the appearance of forest-related herbaceous species, regardless of tree species composition or the
extent of the shelterbelt. On the contrary, the remnants of former woody vegetation are refuges for
those herbaceous species that are very slow at colonizing new plantations. These findings expose
that protecting existing woody areas is an essential task of agricultural land management.

Keywords: shelterbelt; herbaceous flora; diversity; plant sociology

1. Introduction

Human activities in intensive land use systems often lead to soil degradation: erosion,
unbalanced nutrient conditions, acidification, and the decline of soil functional diversity [1].
Living plant organisms can replace or increase the efficiency of technological solutions and
at the same time favorably affect the quality of the environment, developing biologically
active areas [2–6]. The widespread application of shelterbelts in Central Europe after the
Second World War aimed to improve agricultural landscapes and production [7,8]. Later
on, their biodiversity-enhancing effect was also regarded, mainly in terms of tree species
diversity [9] and bird and insect communities [10–13]. Shelterbelts are ecological systems
that can contain significant biodiversity. Several species within them are natural predators
of pests, which can have a beneficial impact on pest control for agriculture [8,14,15].
Furthermore, by reducing wind speed, shelterbelts can significantly prevent the spread of
some wind-carried pests and aphid-transmitted viruses [16]. By providing large quantities
of pollen and nectar, shelterbelts positively affect the diversity of the pollinator fauna [17]
and can play a significant role in domestic honey production [18].

The abundance and diversity of herbaceous plants within the shelterbelts can strongly
influence the composition and richness of the food chain based on it and thus the overall
biodiversity of the agroforestry system. Additionally, shelterbelts as extended linear struc-
tures have a corridor effect, improving connectivity between woody patches, increasing
the area of tree stands, and offering edge habitats in the agricultural landscape [19]. These
corridors increase the number of native plant species at single sites so that they are a crucial
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instrument for preserving biodiversity [20]. However, our knowledge of the herbaceous
vegetation of shelterbelts is comparatively poor. Carlier–Moran [21] examined the un-
derstory layer of the hedgerows in Western Europe, and they found very few generalist
species. Szarvas [8] also reflected that the herbaceous flora consists of the same widespread
and disturbance-tolerant species in shelterbelts. On the other hand, the former forest or
grassy vegetation can significantly impact the herbaceous layer of a tree plantation [22,23].
Research on soil biota showed that former agricultural management has a long-term effect
on the afforested areas. However, in native tree plantations, positive processes occurred in
the soil twenty years after afforestation [24].

The current study aimed to describe the herbaceous vegetation in shelterbelts of
different origins in relation to tree species composition and land management. We hypoth-
esized that under a tree plantation composed of native species, a more diverse herbaceous
vegetation containing several forest-related species could develop. At the same time, the
understory layer of non-native shelterbelts was supposed to be species-poor and domi-
nated by the most abundant ruderal weeds. The results showed that the landscape history
is a more significant predictor for herbaceous vegetation than the tree species composition
of the shelterbelt.

2. Materials and Methods
2.1. Study Sites

The surveys took place in North West Hungary in four agricultural landscapes seg-
mented by shelterbelts of different tree species composition and origin, as shown in Figure 1.
The GPS coordinates of the examined plots can be found in Appendix A.
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The two southern study areas belong to the West-Hungarian Borderland, while the
two northern ones to the Lesser Plain. An important common feature of the sample areas
is the significant climatic drought caused by the frequent descending airflow (foehn) from
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the Eastern Alps, among others [25]. The climate of Mosonszolnok is moderately warm
and dry. Vasegerszeg and Sopronhorpács belong to the moderately hot and moderately
dry climate. Sarród represents the transition between these two climate types [25,26].

The bedrock for the soils are calcareous loess sediments in Mosonszolnok and Sarród
and loamy alluvial sediments in Sopronhorpács and Vasegerszeg. The different soil phys-
ical characteristics and groundwater depths cause the divergences of the features of the
study areas. The soil type in Mosonszolnok and Sarród is Chernic Phaeozem, while in
Sopronhorpács and Vasegerszeg it is Mollic Gleysol.

Zonal oak forests are restricted to a few remnants in the higher elevation areas of the
region [27], while they did not remain at all in the vicinity of the study areas. Secondary
grassland vegetation and crop fields dominate the landscapes here.

In Mosonszolnok, agricultural cultivation determines the current appearance of the
landscape; the few semi-natural habitats are highly fragmented. On the monocrop fields,
mainly cereals are grown. Forest belts established for protecting the crop against wind
damage and soil erosion separate the intensively managed fields. Three of the examined
shelterbelts (MS1–MS3) were planted in agricultural areas, while the fourth (MS4) can be
followed back to a chariot road on a historical map from the XVIII century (obtained at
Mapire.eu). Two shelterbelts (MS1 and MS2) stands of black locust (Robinia pseudoacacia)
and green ash (Fraxinus pennsylvanica) are quite similar in appearance; both of them are
15–18 m wide planted forest stands established in the 1950s. The two other belts (MS3
and MS4) are dominated by field maple (Acer campestre); their width is 20 m and 50 m,
respectively.

Sarród study area is situated in the plain of the Fertő basin. At present, semi-natural
forests, which could function as propagule sources, cannot be found in the vicinity of
the study sites, and only planted shelterbelts represent woody vegetation. Most of the
grassland habitats are also secondary, developed from former arable field fallows [28]. The
examined 20 m wide Ulmus minor–Fraxinus pennsylvanica–Acer campestre shelterbelts are
about 40–50 years old.

Sopronhorpács shelterbelt system belongs to the Répce plain, where the former valleys
of the ancient river can be observed. Oak-hornbeam forest stands prove propagule sources,
but the amount of planted pine and black locust forests is also high [28].

One of the examined shelterbelts (SH2) is an experimental plantation established in
the 1950s for field protection on agricultural land [29]. SH3 was an already existing forest
stand at that time. On the historical map of the XVIII century obtained from Mapire.eu, the
area of SH1 is a chariot road. At present, a dirt road runs on the trail of it. All shelterbelts
consist of mainly native tree species: Quercus robur, Q. cerris, and Acer campestre.

Vasegerszeg study area lies in the valley of the river Répce. Most of the former riparian
Fraxino pannonicae-Ulmetum forests disappeared, but some relict stands still exist [28]. The
shelterbelts and forest stands are such remnant forests, but the herbaceous vegetation is
significantly transformed to a less characteristic condition in most of them.

2.2. Sampling

We designated three sampling quadrats with an extension of 25 m2 in each examined
shelterbelts and recorded herbaceous plant species and their cover (%). The sampling was
repeated in 3 different vegetation periods in 2019: early spring, summer, and autumn. In
the case of each species, we considered the highest found value during the vegetation
period and calculated the mean of the cover values of species calculated for each shelterbelt.
Soil samples were taken from every plot to measure the following parameters: soil pH,
soil organic matter content (SOM), available nitrogen, phosphorus, potassium content,
and particle size distribution. The nomenclature of species follows the Hungarian Flora
Database [30].
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2.3. Diversity and Species Composition Analysis

Rényi’s diversity profiles were used to compare the herb layers of the different habitats,
calculated with PAST software. PAST uses the exponential of the so-called Renyi index,
including the number of species, Shannon diversity, quadratic diversity, and Berger–Parker
diversity. The value of the index depends upon the parameter “alpha”. For alpha = 0, this
function gives the total species number. Alpha = 1 (in the limit) gives an index proportional
to the Shannon index, while alpha = 2 gives an index that behaves like the Simpson index.
With this method, the studied communities can be ranked in a partial order. A community
is more diverse than another when its diversity profile is above or equal to the other
community’s diversity profile [31].

The naturalness values of the plant species are based on the social behavior type
categories, derived from the CSR plant functional system [32], adapted to the Pannonian
flora by Borhidi [33]. The role the species play in the communities and the way and
naturalness with which they are linked to the habitat determine the SBT category of
the species. The number and proportion of categories represented in a habitat prove
information about the stability, the level of disturbance, or deviation from the natural
state of the community. Borhidi’s SBT categories were obtained from the Hungarian Flora
Database [30]. Stacked column charts display the proportion of species belonging to the
different categories in a habitat, where the total species number of the examined habitat
and the distribution of the species numbers by the SBT categories simultaneously can be
examined. The abbreviations and naturalness values of SBT categories are introduced in
Table 1.

Table 1. Social behavior type categories and naturalness values [33].

Habitat Type Social Behavior Type Abb. Nat. Value

Natural habitats

Specialists S +6
Competitors C +5
Generalists G +4

Natural pioneers NP +3

Disturbed, secondary,
and artificial habitats

Disturbance-tolerant DT +2
Weeds W +1

Introduced alien species I −1
Adventives A −1

Ruderal competitors RC −2
Aggressive alien species AC −3

Forest affinity categories show the relation of the herbaceous species to forest stands.
The data were obtained from the German plant database Floraweb (www.floraweb.de,
accessed on 31 January 2021), which ranks species into five categories (Table 2).

Table 2. Forest affinity categories and their abbreviations in the analysis.

Forest Affinity Category Abbreviation

Obligate forest species FOREST
Species typical to forest edges and clearings FOR MARG

Species that can be found both in woody habitats and
open (non-woody) land FOR/OP

Species appearing mainly in open land but also in forests OP (FOR)
Species specific to open habitats OPEN

In the database, the forest affinity of species is given for three different geographical
zones: the Alpine region, the low mountain range, and northern German lowlands. We
used the data from the first one for our analysis considering Pannonian basin to be in
general closer to the alpine region than to the other two zones.

www.floraweb.de
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Redundancy analysis was performed with Canoco 5 to explore the relationships
between herbaceous species composition and environmental descriptors. Besides soil
parameters, the cover of different tree species and the width and the origin of the shelterbelt
were taken into account. The species abundance matrix was transformed with the Hellinger
method. Hellinger transformation is recommended as a basis for ordination as it allows
one to explore the relationships between the species and the explanatory variables [34].

3. Results
3.1. Tree and Shrub Species Composition

The tree species composition is different in the examined shelterbelts of the four
landscapes, and, in the case of Mosonszolnok (MS) and Sopronhorpács (SH), also within
the tree stands. The reason for this diversity is conscious planning on the one hand and the
landscape features, such as forest remnants, on the other hand. Table 3 shows the tree and
shrub species and their cover values at the study sites.

Table 3. Tree species composition and cover values (%) in the examined shelterbelts.

Layer/Species MS1 MS2 MS3 MS4 SA1 SA2 SA3 SA4 SH1 SH2 SH3 VS1 VS2 VS3

Canopy layer cover 70 80 80 90 90 80 90 95 90 95 80 80 90 80
Acer campestre 50 70 80 50 30 40

Acer platanoides 5 5 10 30 30 20 10 80 10
Cerasus avium 10

Fraxinus excelsior 5 5
Fraxinus pennsylvanica 60 20 10 20

Gleditsia triacanthos 5
Koelreuteria paniculata 1

Larix decidua 5
Maclura pomifera 5 10 20 20 20
Pinus sylvestris 30

Populus × canescens 20 10
Quercus cerris 10 10 10
Quercus robur 20 30 50 60 50
Quercus rubra 10

Robinia pseudoacacia 30 60 10 20 10
Salix alba 10

Ulmus minor 10 30 50 40 50 50 50 50

Some common species dominate the shrub layer in most shelterbelts, for example,
Ligustrum vulgare, Prunus spinosa, and Sambucus nigra (Table 4). Exotic species, such as Eleag-
nus angustifolia or Maclura pomifera, appear in the non-native shelterbelts of Mosonszolnok
(MS1 and MS2), and the edge of the native stands in Sarród (SA1–SA4).

Table 4. Shrub species composition and cover values (%) in the examined shelterbelts.

Layer/Species MS1 MS2 MS3 MS4 SA1 SA2 SA3 SA4 SH1 SH2 SH3 VS1 VS2 VS3

Shrub layer cover 30 40 20 30 20 30 40 30 50 15 30 20
Cornus mas 20

Cornus sanguinea 10
Crataegus monogyna 10

Elaeagnus angustifolia 10
Euonymus verrucosus 20

Ligustrum vulgare 20 20 20 20 20
Maclura pomifera 5 20
Prunus spinosa 10 10 15 10 20 20 5 20 10
Sambucus nigra 10 10 5 10 10 5 5

Ulmus minor 10 20
Viburnum lantana 20
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3.2. Herbaceous Diversity

According to the understory layer, 69 herbaceous species were detected in the 14
examined plots. Fifty-three of them were unique to one study area: 23 to Mosonszolnok, 7
to Sarród, 12 to Sopronhorpács, and 11 to Vasegerszeg. Only three species—Urtica dioica,
Geum urbanum, and Galium aparine—appeared in all study areas. The species list and cover
values of herbaceous plants can be found in Appendix A.

Significant differences can be observed among the diversity profiles of the examined
shelterbelts, as shown in Figure 2. In Mosonszolnok, the herbaceous diversity of the three
shelterbelts planted on an agricultural field (MS1, MS2, and MS3) is remarkably lower
than that of one from the trail of the former chariot road (MS4). In Sarród, all of the
four shelterbelts (SA1–SA4) stand on a former cultivated field, and all of them are poor in
herbaceous species. In Sopronhorpács, the herbaceous diversity of the trial plantation (SH2)
is extremely low due to the almost 100% cover of Hedera helix. According to herbaceous
diversity, all of the shelterbelts of Vasegerszeg (VS1–VS3) represent intermediate values
among the study sites.
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Sarród, Sopronhorpács, and Vasegerszeg.

3.3. Naturalness Value and Forest Affinity of the Herbaceous Vegetation

The distribution of species by social behavior type categories in Figure 3 shows that in
most study sites, the majority of the herbaceous species are weeds (W) and disturbance
tolerants (DT). In Mosonszolnok, the most frequent species of these categories are Ar-
rhetatherum elatius, Ballota nigra, Galium aparine, and Lamium purpureum. In Sarród, this
group is represented by Aegilops cylindrica and Geum urbanum, while in Sopronhorpács,
Galium aparine and Urtica dioica are the most frequent ones. In Vasegerszeg, the propor-
tion of these categories is the lowest; Geum urbanum and Lamium maculatum represent the
disturbance-tolerant category.
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The only species belonging to Competitors (C) in Sarród was Festuca rupicola, which
might indicate the remnants of grassland vegetation. In Vasegerszeg, Ranunculus ficaria,
Geranium sanguineum, and Corydalis cava represent this category. In the former chariot
road of Sopronhorpács Vinca minor appears with low cover, while in Mosonszolnok, no
natural competitors could be detected. Specialist species (S) are absent in all test sites. The
proportion of generalists (G) is higher in MS4 and SH1 shelterbelts, both situated on the
trail of the former chariot roads. This category is represented by Arum orientale, Viola odorata,
and Polygonatum species, and in Vasegerszeg additionally by Anemone ranunculoides and
Gagea lutea. The only adventive competitor (AC) present in Mosonszolnok and Sarród is
Erigeron annuus, while the ruderal competitors (RC) Bromus sterilis and Convolvulus arvensis
appear in most of the shelterbelts.

The proportion of forest-related herbaceous species also differed significantly between
the examined shelterbelts, as shown in Figure 4. The shelterbelts planted on agricultural
land do not contain any obligate forest species (FOR). This was true for Mosonszolnok
(MS1–MS3), Sarród (SA1–SA4), and Soprohnorpács (SH2). Only a few forest-related species
appear in the trail of the former chariot roads: Anemone ranunculoides in Mosonszolnok
(MS4) and Brachypodium sylvaticum in Sopronhorpács (SH1). In the shelterbelts, which
were former forest stands (SH3, VS1–VS3), more forest-related herbaceous species appear,
among others Asarum europaeum, Convallaria majalis, and Corydalis cava.
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3.4. Redundancy Analysis

Twenty-five factors were taken into account in the redundancy analysis, including the
cover of the different tree species, the measured soil parameters (pH; soil organic matter
content (SOM); available nitrogen, phosphorus, and potassium content; and particle size
distribution), and the extension and the origin of the shelterbelts. The forward selection
showed that the most important factors explaining the species composition of the herba-
ceous level of shelterbelts are the dominant trees, especially Quercus robur (Qurob) and
Maclura pomifera (Mapom). The origin of the shelterbelt was also significant (p < 0.05);
formerly, it was a chariot road (ROAD). Soil and other parameters were insignificant; their
effect is summarized in factor N, as shown in Figure 5. Th explanatory variables account
for 54.64% of the variation.
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Figure 5. The redundancy analysis shows the impact of common oak (Qurob), Osage orange
(Mapom), and former chariot roads (ROAD) on the herbaceous species composition of shelterbelts,
while other factors (e.g., N) are not significant.

The high significance of Quercus robur and Maclura pomifera indicates the impact of the
origin of the shelterbelt as common oak is characteristic of forest remnants, while Osage
orange was commonly planted in shelterbelts of agricultural areas.

Woodland species, such as Gagea lutea and Corydalis cava, correlate positively with
the remnant forests dominated by Quercus robur, whose factor explains 17.5% of the
variation. Some species that can be found both in open and woody habitats, such as
Lamium maculatum, Ranunculus ficaria, and the forest margin species Geum urbanum, are
also characteristic of these shelterbelts.

Species of open habitats, like Aegilops cylindrica, Pimpinella saxifraga, and Achillea
millefolium, correlate positively with Maclura pomifera, which represents recently established
shelterbelts and explains 15.4% of the variation.

Shelterbelts, which can be followed back to former chariot roads in historical maps,
form the third group. Many weeds and disturbance-tolerant species of open and woody
habitats correlate positively with factor ROAD (13.2% variation explained), as among
others Dactylis glomerata, Galium aparine, Anthriscus cerefolium, Onopordum acanthium, or
Allium vineale.

All of the other factors, such as soil parameters, are not significant and explain only
8.6%.

4. Discussion

The understorey of the hedgerows in Western Europe was also considered species-
poor [21]. Szarvas [8] found that the differences in the vegetation of tree rows and shel-
terbelts are given by tree and shrub species, not herbaceous plants. In most shelterbelts,
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the herbaceous flora consists of the same widespread and disturbance-tolerant species.
However, the herbaceous community of hedgerows can vary depending on the hedge’s
origin and history. Besides that, the land use characteristics of the adjacent habitats also
affect the understorey layer. In the case of old hedgerows, a direct connection to pre-
existing woodland vegetation can be presumed. These boundaries often retain an intact
ancient woodland flora rich in species, characteristic of long-established woodland [35].
Wilson [22] also supports this idea, while species probably derived from ancient landscape
features, such as Anemone nemorosa, Primula vulgaris, and Lamiastrum (Lamium) galeobdolon,
are typically very slow to colonize new woodlands. In hedgerows, without woodland
history, the herbaceous community includes generalist flora of forests, for example, Hedera
helix, Geranium robertianum, Glechoma hederacea, Galium aparine, and grasslands, as well as
Arrhenatherum elatius, Dactylis glomerata, and Anthriscus sylvestris. In tree stands planted on
a previous meadow, grassy species appear in the herb layer [23]. In the most unfavorable
case, the herbaceous vegetation of the hedgerow is affected by herbicides and fertilizers,
where more competitive ruderals—Elymus repens, Poa trivialis, and Bromus sterilis—cover
the soil. Some species such as Glechoma hederacea and Viola odorata are able to colonize dis-
turbed forest areas and recent forest stands [36,37]. Epizoochorous species Geum urbanum
and Urtica dioica are also considered typical quick colonizers [37,38].

In Vasegerszeg, all of the shelterbelts and the control forest are remnants of the former
woodland that may cause the balanced diversity of the examined habitats. The majority of
the forest-related species were found in the local species pool of the Répce floodplain, and
many of them are considered indicators of ancient woodlands [35].

The reason for the lack of forest-related species in many shelterbelts is complex. These
habitats represent various ecosystems along an intense usage and light gradient. Due
to their comparatively small size and the edge effect in the whole area of the shelterbelt,
species of open lands are likely to colonize them [39]. On the other hand, many woodland
species are unable to colonize isolated woods [36] and recently established forests [38].
This can be caused by the dispersal characteristics and low competitive ability of woodland
species. Ancient woodland indicators are mainly shade-tolerant, hemicryptophyte, and
geophyte species and do not have persistent seed banks [37]. These species disappear
from the soil seed bank in case of agricultural land use within a few decades [40]. The
proportion of shade-tolerant species is lower in recent forests, even if they are adjacent
to ancient woodlands [41]. The absence or presence of species with high forest affinity
in the herbaceous layer of shelterbelts is an important marker of historical development
and connectivity. Similar to our results, Van Den Berge et al. [42] also found that the
forest-related herbaceous community is not related to the size of the woody area. On the
contrary, the origin of the tree stand is a significant factor determining the number of forest
species. In hedgerows, the structure is a less relevant agent in herbaceous diversity than
the connectivity to woodlands [43]. The understory layer of young hedgerows plantations
is affected significantly by the farming type; the naturalness of the herbaceous community
is higher in hedgerows adjacent to organic farming compared to conventional areas [44].

5. Conclusions

The herbaceous layer of the examined shelterbelts showed a certain pattern according
to the number of species and the naturalness value. This pattern is linked to the origin of
the shelterbelt than tree species composition. Shelterbelts planted in agricultural fields are
very important for many species, but they are not suitable for the appearance of forest-
related herbaceous vegetation. The herbaceous flora of these shelterbelts is species-poor
and contains mostly disturbance-tolerant (ruderal) plant species. Despite the allelopathic
effects of black locust, the herbaceous layer is similar to the shelterbelts built by native
trees.

Those tree stands, which have an immediate relation to a former woodland, do not
contain a high number of species, but the naturalness value of these species is relatively
high as they preserve several species of the former forest vegetation.
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Shelterbelts standing on the trail of former chariot roads cannot be ordered to one of
the abovementioned groups. Both of them possess a relatively diverse herb layer with a
few forest-related species and many disturbance tolerants and weeds.

The reasons for the low species diversity of herbaceous vegetation in shelterbelts are
complex. On the one hand, dispersal limitation and the negative effects of fragmentation
and the agricultural surrounding can be mentioned.

Nevertheless, the protection of existing shelterbelts, particularly ancient forest frag-
ments, is of high importance to preserve at least a small portion of the herbaceous vegetation
of the former woodlands. These woody islands may significantly increase the biodiversity
of the intensively managed agricultural fields. Once the area of the recent shelterbelt was a
part of an arable field, the forest-related herbaceous vegetation cannot appear for a long
time.

Author Contributions: N.S.: conceptualization, investigation, methodology, writing, review and
editing. I.B.: conceptualization and investigation. A.V.: Supervision. L.R.: methodology, supervision,
review and editing. All authors have read and agreed to the published version of the manuscript.

Funding: This project received funding from the European Union’s Horizon 2020 Research and
Innovation Programme, under Grant Agreement No. 818346 (Sino-EU Soil Observatory for Intelligent
Land Use Management).

Data Availability Statement: All data used in the study can be found in the Appendix A.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

Appendix A

Table A1. GPS coordinates of the quadrats.

Mosonszolnok

SHELT I SHELT II SHELT III SHELT IV

A 47.85429, 17.14683 47.86501, 17.12457 47.86219, 17.19912 47.82253, 17.2079

B 47.85525, 17.14708 47.86484, 17.1254 47.86277, 17.20043 47.82196, 17.20875

C 47.85653, 17.14742 47.86467, 17.12718 47.86324, 17.20153 47.82114, 17.20992

Sarród

SHELT I SHELT II SHELT III SHELT IV

A 47.65314, 16.87423 47.65546, 16.87111 47.65484, 16.87037 47.65232, 16.87603

B 47.65392, 16.87264 47.6558, 16.87156 47.65463, 16.87015 47.65223, 16.87625

C 47.65438, 16.87161 47.65665, 16.87261 47.65414, 16.86954 47.65197, 16.87679

Sopronhorpács

SHELT I SHELT II SHELT III

A 47.493, 16.74852 47.47178, 16.72377 47.46881, 16.71774

B 47.49838, 16.74481 47.4732, 16.72307 47.46984, 16.71738

C 47.50114, 16.74311 47.4745, 16.72259 47.47036, 16.71707

Vasegerszeg

SHELT I SHELT II SHELT III

A 47.37375, 16.89984 47.3728, 16.90045 47.37294, 16.89763

B 47.3736, 16.89995 47.37279, 16.90053 47.37259, 16.89771

C 47.37346, 16.9 47.37262, 16.90068 47.37243, 16.89771
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Table A2. Measured soil parameters in the examined shelterbelts.

Plot pH (KCl) Viscosity CaCO3 % SOM % NH4+ + NO3− N
(mg/kg)

AL P
(mg P2O5/kg)

AL K
(mg K2O/kg)

MS1 7.11 ± 0.06 47.33 ± 1.25 5.99 ± 0.90 2.10 ± 0.22 8.90 ± 0.96 132.33 ± 14.34 513.00 ± 42.81

MS2 6.98 ± 0.08 52.00 ± 1.41 3.33 ± 0.80 2.10 ± 0.16 9.70 ± 0.37 125.33 ± 7.72 615.67 ± 64.79

MS3 6.88 ± 0.07 57.67 ± 2.87 5.99 ± 0.54 1.97 ± 0.17 10.07 ± 0.29 133.67 ± 5.31 513.67 ± 46.33

MS4 7.19 ± 0.04 59.00 ± 4.90 7.99 ± 0.77 2.17 ± 0.17 9.47 ± 0.42 618.67 ± 24.96 747.67 ± 37.04

SA1 7.29 ± 0.03 61.00 ± 6.68 22.25 ± 4.16 5.32 ± 0.15 8.06 ± 4.88 193.90 ± 11.49 532.00 ± 130.43

SA2 7.26 ± 0.04 64.00 ± 7.87 26.22 ± 1.21 5.36 ± 0.03 2.32 ± 1.09 273.25 ± 163.27 769.33 ± 131.11

SA3 7.22 ± 0.06 77.67 ± 12.26 16.15 ± 2.82 7.27 ± 1.40 6.85 ± 2.40 229.20 ± 58.24 880.33 ± 286.15

SA4 7.45 ± 0.08 50.00 ± 4.90 13.74 ± 0.16 4.66 ± 0.40 3.52 ± 0.43 198.07 ± 15.34 543.33 ± 24.31

SH1 6.83 ± 0.07 68.00 ± 2.16 0.68 ± 0.00 5.36 ± 0.08 3.66 ± 0.92 34.41 ± 13.20 384.00 ± 6.98

SH2 6.48 ± 0.17 62.00 ± 1.41 <0.10 4.86 ± 0.15 8.34 ± 4.42 81.57 ± 61.85 502.67 ± 64.22

SH3 5.06 ± 0.54 52.33 ± 4.19 <0.10 4.67 ± 0.69 27.12 ± 31.97 688.26 ± 927.21 589.67 ± 486.93

VS1 6.23 ± 0.37 79.33 ± 7.54 <0.10 5.31 ± 0.06 8.30 ± 1.05 268.19 ± 153.00 357.00 ± 99.03

VS2 5.62 ± 0.65 73.33 ± 8.38 <0.10 4.94 ± 0.58 14.43 ± 6.79 178.08 ± 106.25 399.00 ± 111.72

VS3 5.86 ± 0.05 70.67 ± 11.12 <0.10 5.32 ± 0.02 12.22 ± 1.14 208.04 ± 52.15 368.67 ± 21.70

Table A3. Herbaceous species list and cover (%).

Species/Cover (%) MS1 MS2 MS3 MS4 SA1 SA2 SA3 SA4 SH1 SH2 SH3 VS1 VS2 VS3

Achillea millefolium 0 0 0 0 0 3 0 0 0 0 0 0 0 0

Aegilops cylindrica 0 0 0 0 0 10 13 7 0 0 0 0 0 0

Ajuga reptans 0 0 0 0 0 0 0 0 0 0 0 3 17 0

Alliaria petiolata 0 0 0 0 0 0 0 0 7 0 0 3 0 0

Allium vineale 0 0 0 0 0 0 0 0 13 0 0 0 0 0

Amaranthus retroflexus 0 0 0 0 0 0 0 0 0 0 0 3 0 0

Anagallis arvensis 0 0 0 2 0 0 0 0 0 0 0 0 0 0

Anemone ranunculoides 0 0 0 2 0 0 0 0 0 0 0 0 0 2

Anthriscus caucalis 0 0 0 20 0 0 0 0 0 0 0 0 0 0

Anthriscus cerefolium 0 0 0 10 0 0 0 0 0 0 0 0 0 0

Arrhenatherum elatius 0 33 0 7 0 0 0 0 0 0 0 0 0 0

Arum orientale 0 0 0 0 0 0 0 0 12 0 0 0 0 3

Ballota nigra 20 13 30 0 0 0 0 0 0 0 0 0 0 0

Brachypodium sylvaticum 0 0 0 0 0 0 0 0 3 0 0 0 0 0

Bromus sterilis 30 33 40 7 2 0 0 0 7 0 0 0 0 0

Carduus acanthoides 3 8 0 13 0 0 0 0 0 0 0 0 0 0

Carex hirta 0 0 0 0 0 0 0 0 7 0 0 0 0 0

Chenopodium album 0 0 2 0 0 0 0 0 0 0 0 0 0 0

Circaea lutetiana 0 0 0 0 0 0 0 0 0 0 7 0 0 0

Cirsium arvense 0 0 0 3 0 0 8 0 0 0 0 0 0 0

Cirsium vulgare 0 0 0 0 0 0 0 0 0 0 0 7 0 3

Convolvulus arvensis 2 2 7 0 3 0 0 0 0 0 0 0 0 0

Corydalis cava 0 0 0 0 0 0 0 0 0 0 0 12 0 5

Crepis setosa 0 0 0 0 0 2 0 2 0 0 0 0 0 0

Dactylis glomerata 0 0 0 0 0 0 0 0 7 0 0 0 0 0

Daucus carota subsp. carota 0 0 0 2 0 0 0 0 0 0 0 0 0 0

Dryopteris filix-mas 0 0 0 0 0 0 0 0 0 0 7 0 3 0
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Table A3. Cont.

Species/Cover (%) MS1 MS2 MS3 MS4 SA1 SA2 SA3 SA4 SH1 SH2 SH3 VS1 VS2 VS3

Elymus repens 0 7 0 0 0 0 0 0 0 0 0 0 0 0

Erigeron annuus 0 0 0 10 0 3 0 0 0 0 0 0 3 0

Euphorbia virgata 3 0 0 0 0 0 0 0 0 0 0 0 0 0

Falcaria vulgaris 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Festuca rupicola 0 0 0 0 0 3 3 0 0 0 0 0 0 0

Gagea lutea 0 0 0 0 0 0 0 0 0 0 0 2 0 5

Galium aparine 5 13 3 33 0 0 0 2 10 12 7 7 8 3

Galium mollugo 0 0 0 7 0 0 0 0 0 0 0 0 0 0

Geranium robertianum 0 0 0 0 3 0 0 0 0 0 0 0 0 0

Geranium sanguineum 0 0 0 0 0 0 0 0 0 0 2 3 0 0

Geum urbanum 0 0 17 12 3 7 10 3 15 0 3 12 17 8

Glechoma hederacea 0 0 0 0 0 0 2 0 0 0 0 0 13 0

Hypericum perforatum 0 0 0 7 0 0 0 0 0 0 0 0 0 0

Lamium maculatum 0 0 0 0 0 0 0 0 0 0 0 3 3 7

Lamium purpureum 2 5 7 23 0 0 0 0 0 0 0 0 0 0

Onopordum acanthium 0 0 0 0 0 0 0 0 7 0 0 0 0 0

Ornithogalum umbellatum 0 0 0 0 0 0 0 0 0 0 0 0 3 0

Pimpinella saxifraga 0 0 0 0 0 2 0 0 0 0 0 0 0 0

Poa pratensis 0 0 0 3 0 0 0 0 0 0 0 0 0 0

Poa trivialis 0 0 0 0 0 0 0 0 7 0 0 0 0 0

Polygonatum latifolium 0 0 0 0 0 0 0 0 50 3 5 0 0 0

Polygonatum multiflorum 0 0 0 0 0 0 0 0 0 0 0 13 0 7

Potentilla reptans 0 0 0 3 0 0 0 0 0 0 0 0 0 0

Pulmonaria officinalis 0 0 0 0 0 0 0 0 0 0 0 3 0 2

Ranunculus ficaria 0 0 0 0 0 0 0 0 10 0 0 33 15 33

Salvia pratensis 2 0 0 0 0 0 0 0 0 0 0 0 0 0

Setaria viridis 0 0 0 0 0 0 0 0 0 0 0 7 0 0

Silene latifolia subsp. alba 3 0 0 0 0 0 0 0 0 0 0 0 0 0

Solanum dulcamara 0 0 0 0 0 0 0 0 7 0 0 0 0 0

Stachys sylvatica 0 0 0 0 0 0 0 0 0 0 7 0 0 3

Stellaria media 2 5 10 20 7 0 0 3 0 0 0 7 10 0

Symphytum officinale 2 0 2 0 0 0 0 0 0 0 0 0 0 0

Taraxacum officinale 0 0 0 0 2 3 0 0 3 0 0 3 0 0

Thlaspi perfoliatum 0 0 0 3 0 0 0 0 0 0 0 0 0 0

Tripleurospermum inodorum 3 0 0 3 0 0 0 0 0 0 0 0 0 0

Urtica dioica 0 3 0 0 10 0 0 0 7 0 3 0 3 0

Verbascum lychnitis 0 0 0 7 0 0 0 0 0 0 0 0 0 0

Verbena officinalis 0 0 0 0 0 0 0 0 3 0 0 0 0 0

Veronica arvensis 2 0 5 0 2 0 0 0 0 0 0 10 0 0

Veronica persica 0 0 0 20 0 0 0 0 0 0 0 0 0 0

Vinca minor 0 0 0 0 0 0 0 0 7 0 0 0 0 0

Viola odorata 0 0 0 0 0 0 0 2 23 0 3 23 0 3
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shelterbelt system. Erdészeti Lapok 2004, 139, 127–130. (In Hungarian)
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