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Abstract – Planting shelterbelts on agricultural fields has long traditions in Hungary. The biodiversity-

enhancing effect of this type of agroforestry is intensively researched, but most of the results concentrate on 

tree species diversity and specific animal communities such as insects and birds. The characteristics of 

herbaceous vegetation and soil mesofauna related to shelterbelts are understudied; however, both 

communities play key roles in agricultural productivity. This study aimed to explore the diversity and 

species composition of these groups in shelterbelts and adjacent grassy and cropped habitats. Samples were 

taken inside and adjacent to a native and a non-native shelterbelt in an agricultural landscape. The results 

highlight that shelterbelt edges are at least as important as tree stands in preserving soil-related diversity. 

Native tree species composition shows slightly more favorable conditions concerning the examined 

communities. While the positive impact of shelterbelts on the agricultural productivity and the diversity of 

several animal communities has been proven, the appearance of forest-related herbaceous species in tree 

stands planted on cultivated fields is not expected, even after decades have passed. The research was 

supported by the Blue Planet Climate Protection Foundation. 
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Kivonat – A gyepes élőhelyek szerepe az agrár-erdészetben. Magyarországon nagy 

hagyományokkal rendelkezik a mezőgazdasági területek védelme erdősávokkal. Az agrár-erdészet e 

típusának a biodiverzitást fokozó hatása intenzíven kutatott terület, de az eredmények többsége a 

fafajok sokféleségére és az állatközösségek szűkebb körére, például rovarokra és madarakra 

koncentrál. Az erdősávok lágyszárú növényzete és a talajlakó mezofauna jellemzői még kevéssé 

vizsgált, holott mindkét közösség kulcsszerepet játszik a mezőgazdaság termelés eredményességében. 

A tanulmány célja ezen csoportok diverzitásának és fajösszetételének feltárása az erdősávokban és a 

csatlakozó gyepes és kultivált területeken. A mintavételezés mezőgazdasági területre ültetett őshonos 

és nem honos erdősávokban és környezetükben történt. Az eredmények azt tükrözik, hogy az 

erdősávok gyepes szegélyei legalább olyan fontosak a talajhoz kötődő diverzitás megőrzésében, mint 

maga a faállomány. Az őshonos fafajösszetételű erdősáv kissé kedvezőbb képet mutat a vizsgált 

közösségek szempontjából. Míg az erdősávok pozitív hatása a szántóföldi termesztésre és számos 

állatközösség diverzitására bizonyított, az erdőhöz kötődő lágyszárú fajok megjelenése még évtizedek 

után sem várható a mezőgazdasági területekre ültetett faállományokban. A kutatást a Kék Bolygó 

Klímavédelmi Alapítvány támogatta.  
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1 INTRODUCTION 

 

Agroecological systems can provide the opportunity to maintain productivity in a sustainable 

form (Ball et al. 2018). Agroforestry, a promising aspect of climate change adaptation, 

integrates woody vegetation into agricultural cultivation, thereby exploiting its various 

economic, social and ecological benefits. Agroforestry can even revive degraded lands by 

improving the physical quality of soil once the characteristics of soil aggregate and biological 

activity are taken into account (Cherubin et al. 2019). 

Based on several research results (Feliciano et al. 2018, Jezeer et al. 2019, Elagib – Al-

Saidi 2020, Tschora – Cherubini 2020), the advantages of agroforestry can be summarised as 

follows: 

• Soil erosion and runoff control, defending soil from losses of water and nutrients 

• Maintaining biological activity, physical properties, and nutrient content of soil for 

fertility 

• Micro-climate regulating 

• Providing fodder and shelter for livestock 

• Insect pest control 

• Eroded and degraded land rehabilitation 

• Diversification and stabilisation of farm economy via multiple products 

• Promoting nature conservation and biodiversity by providing a framework for above 

ground and belowground biodiversity 

 Shelterbelts are the most significant representatives of arable agroforestry in Hungary. 

While the weed vegetation of intensively cultivated agricultural areas has been widely 

researched (Pinke − Pál 2005, Pinke et al. 2012, Király – Király 2012, Nagy et al. 2017, 

Krähmer et al. 2019), research concentrated on shelterbelts has been largely limited to tree 

species composition and structure surveys (Takács 2008, Jánoska 2012). 

 According to the technical development of weed management, the number of species 

adapted to agricultural land use has experienced a significant decline in recent decades 

(Marshall 2002, Pinke – Pál 2005). Field edges that form a boundary structure with associated 

habitats can positively affect the weed flora (Marshall – Moonen 2002). These edges offer 

refuges for many weed species in intensely cultivated environments (Marshall –

 Arnold 1995). 

 In appropriate conditions, shelterbelts produce a corridor effect by providing connectivity 

between woody patches, thereby increasing tree stand area and offering an edge habitat in 

agricultural landscapes (Damschen 2013). As these corridors increase the number of native 

plant species, they are an essential tool for biodiversity preservation (Damschen et al. 2006). 

The presence, absence, or diversity of herbaceous plants can strongly influence the 

composition and richness of the food chain upon which it is based, and thus the overall 

biodiversity of the agroforestry system. Therefore, the study of the herbaceous diversity of 

shelterbelts in agricultural environments is sensible. Acari and Collembola communities play 

key roles in support productivity under nutrient-poor conditions. Nevertheless, even minor 

changes in the composition and abundance of these species can significantly affect the local 

mobilization of nutrients (Heneghan – Bolger 1998). Several studies highlight the role of the 

food chain and the presence of natural enemies of pests, or even alien, invasive species in 

agriculture (Schonrogge et al. 1996, Willis – Memmott 2005, Morris et al. 2004). While some 

weeds can uniquely support the life cycle of a range of insect species, weed diversity strictly 

correlates with the heterogeneity of plant communities, which affects insectivorous bird 

communities and other animal communities (Marshall et al. 2003). Also, the presence of 

seeds is of key importance for granivorous bird species, especially during winter 

(Buckingham et al. 2011). Many bird species feed primarily on seeds and other parts of plants 
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as adults, but young individuals need invertebrate food. In addition to the diversity and 

species composition of vegetation, the density and structure of a plant community are very 

important for many arthropods that, in turn, provide nutrients for vertebrate animals (Marshall 

et al. 2003). According to the dispersal of the hedge flora, Marshall (1989) found that the 

majority of the plants do not spread into the crop field. Some species have limited dispersal 

into crop areas, and a lower number of species occur as serious field weeds. The field margin, 

as ecotone, often supports species characteristic to the adjacent habitats and other species that 

are not present in either adjacent habitats. Thus, a field margin containing grassland, 

woodland, and ruderal or segetal plants can be more diverse than either the crop field or the 

woody boundary. Thus, if woody vegetation (trees or shrubs as hedges) border the agricultural 

fields, the ideal structure of the margin consists of the woody boundary, a nature conservation 

strip, and the crop edge, which should be completed with a grassy or wildflower margin strip 

for wildlife or environmental objectives, between the boundary and the crop field. This strip 

should be free of chemicals (Marshall – Moonen 2002). The aim of the study was to assess 

the role of shelterbelts and their grassy edges in increasing the soil-related diversity in an 

intensively managed agricultural area. 

 

 

2 MATERIALS AND METHODS 

 

2.1 Location of the study area 

Surveys were conducted in an intensively managed agricultural landscape in northwest 

Hungary (Figure 1). Mosonszolnok and its surroundings are typical of the Little Hungarian 

Plain. An important feature of the sample area is the significant climatic drought, which is 

caused by the frequent descending westward airflow from the Eastern Alps (Péczeli 1975). In 

addition, the sediments and alluvium in this area are calcareous, which can increase the effect 

of climatic drought. 

 

 

Figure 1. Location of the test site 

 

 Sandy muddy loess covers the gravel-based flat alluvial cone (Pécsi 1975). Topsoil depth 

determines the land use: 40-70 cm deep topsoil is only suitable for poor quality pastures, or 

where other conditions allow, peach and grape cultivation (Miklay – Molnár 1968). This 

explains the presence of former pasture fragments on the test site. Agricultural cultivation 

determines the current appearance of the landscape. The few existing semi-natural habitats are 
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highly fragmented. A variety of grains are grown on the monocrop fields. Shelterbelts with 

different tree species compositions provide a poor diversity of the landscape. The shelterbelts 

here consist of tree stands that are approximately 50 years old and were established primarily 

field protection. The current study examined two of these shelterbelts.  

 Surveys were conducted within the two shelterbelts and in the adjacent habitats: in the 

grassy edge on both sides of the shelterbelts (EDGE) and in the cultivated fields, 10 m 

distance from the trees (CULT), with tree repeats (Figure 2). 

 

 
Figure 2. Location of the sampling plots in the shelterbelts and adjacent habitats 

 

2.2 Soil properties 

Soil samples were taken from the soil surface (0-10 cm depth) to measure soil parameters. 

Table 1 summarises the examined characteristics and the measuring methods.  

 

Table 1. Measured soil parameters and methods 

Soil parameter Measuring method 

pH Ratio of 1:5 soils to distilled water 

Soil organic matter content (SOM) Potassium dichromate capacity method (Búzás 1988) 

Available nitrogen (NO3
-
 + NH4

+
) 

Parnas-Wagner distillation apparatus 

(Houba et al. 1986) 

Available phosphorus Ammonium-lactate solution (Hungarian Standard 

MSZ 20135:1999 Available potassium 

Particle size distribution Robinson’s pipette method (Pansu – Gautheyrou 2007) 

Soil moisture 
Gravimetric method, after heating the samples at 

105 
o
C for 24 h (Black 1965) 

 

2.3 Vegetation 

Coenological data were collected in 25 m
2
 quadrats with three repeats in all plots (Figure 2). 

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”. The diversity of the studied 

communities can be ranked in a partial order with this method (Tóthmérész 2013).  

 The social behaviour type (SBT) categories are derived from the CSR plant functional 

system (Grime 1979), adapted to the Pannonian flora by Borhidi (1995). The category of each 
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plant species was determined based on the role the plant species plays in the communities. 

The naturalness of the species as well as how it linked to the habitat were also considered. 

The number and proportion of categories represented in a habitat provide information about 

the stability, the level of disturbance, or the deviation from the natural state of the community. 

The specialists (S), competitors (C), generalists (G), and natural pioneers (NP) – with 

naturalness values of +6, +5, +4, and +3, respectively – are all characteristic to natural 

habitats. Disturbance tolerants (DT) and weeds (W) appear in disturbed, secondary, and 

artificial habitats, but still have a positive (2 and 1) naturalness value. Introduced alien species 

(I), adventives (A), ruderal competitors (RC), and aggressive alien species (AC) represent the 

most unfavorable categories with negative values: -1, -1, -2 and -3, respectively. The 

classification of each species was obtained from the Hungarian Flora Database (Horváth et al. 

1995). The proportion of species belonging to the different categories in a habitat is displayed 

with stacked column charts, where the total species number of the examined habitat and the 

distribution of the species numbers by the SBT categories can be examined simultaneously. 

(In the case of a small number of species, the SBT categories are not given in the database, 

which results in a difference between the SBT total number of species and the total number in 

diversity analysis). 

 RDA was chosen to analyse the relationship between species composition environmental 

descriptors observed at the same locations. The species abundance matrix was transformed 

with the Hellinger method. Hellinger transformation is recommended as a basis for ordination 

as permits the exploration of the relationships of species to explanatory variables (Legendre – 

Gallagher 2001). The environmental factors included in the analysis were the impact of 

measured soil parameters (Table 2), the cover of the different tree species, exposure, and the 

presence or absence of an earth road separating the examined plot from the cultivated area. 

 

2.4 Soil mesofauna 

One hundred cubic centimetres of soil samples were collected with a cylindrical soil core 

sampler in each coenological quadrat. The microarthropods were extracted with Berlese-

Tullgren funnels to 96% ethanol for two weeks. The specimens were classified into major 

taxonomic groups, while Collembola individuals were determined to the species level. 

Collembolan diversity was measured with the same method used for herbaceous diversity.  

 QBS-ar index was employed to evaluate the soil’s biological quality (Parisi 2001, Menta 

et al. 2017). Based on their adaptation to the soil environment, microarthropods are classified 

into different morphotypes, and characterized with an ecomorphological (EMI) value. The 

sum of the obtained EMI scores gives the QBS-ar index of the examined sample (Annex IV). 

 Redundancy analysis was applied to assess the impact of environmental factors on 

collembolan species composition, with the same method used for herbaceous plants. 

 

 

3 RESULTS AND DISCUSSION 

 

3.1 Soil habitat condition 

The soil parameters (Table 2) show that all of the plots have a neutral to slightly alkaline pH. 

The texture of the soils is sandy-silty with a low carbonate content. Cultivated plots have the 

lowest SOM value and, at the same time, the highest phosphorus and potassium content due to 

fertilization. 
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3.2 Woody vegetation 

The non-native tree stand (ROBINIA) is dominated by black locust (Robinia pseudoacacia) 

and green ash (Fraxinus pennsylvanica) in the canopy layer. The shrub layer is poor in 

species; Ligustrum vulgare, Elaeagnus angustifolia, and Maclura pomifera can be found with 

low cover. The native shelterbelt (ACER) is composed of native tree species, where field 

maple (Acer campestre), field elm (Ulmus minor), Norway maple (Acer platanoides) and 

Turkey oak (Quercus cerris) form the canopy layer. The shrub layer is weak, similar to the 

non-native stand; besides Ligustrum vulgare, only Sambucus nigra and Prunus spinosa 

appear. The cover values of the canopy and shrub layers in the shelterbelts can be found in 

Table 3. 

 

Table 2. Measured values of the soil parameters 

Plot 
pH 

(H2O) 

CaCO3 

(%) 
SOM 

NH4
+ + 

NO3
- N 

(mg/kg) 

AL P  

(mg P2O5/kg) 

AL K  

(mg K2O/kg) 
A% I% FH% DH% Moist 

R
O

B
IN

IA
 

CULT 7.76 3.28 0.90 7.10 542.00 614.67 29.33 23.00 43.33 4.33 15.87 

EDGE 7.46 5.51 1.57 8.80 413.67 541.00 27.33 18.00 47.00 7.67 13.73 

SHELT 7.43 3.33 2.10 9.70 125.33 615.67 25.33 23.00 48.00 3.67 13.67 

EDGE 7.42 4.96 1.77 8.43 449.67 523.00 27.67 17.00 48.00 7.33 13.04 

CULT 7.71 2.52 0.87 7.27 561.33 688.00 30.00 22.67 41.67 5.67 14.46 

A
C

E
R

 

CULT 7.51 1.63 0.93 6.63 584.67 770.00 31.33 26.33 38.00 4.67 12.13 

EDGE 7.50 7.20 1.67 8.57 314.33 434.00 29.33 19.67 42.33 8.67 11.42 

SHELT 7.51 5.99 1.97 10.07 133.67 513.67 23.33 22.67 43.00 10.67 10.76 

EDGE 7.52 7.08 1.67 8.13 369.67 463.00 29.33 20.33 42.33 8.00 12.70 

CULT 7.49 2.37 0.97 7.17 537.33 735.33 32.00 26.33 36.67 5.00 12.50 

 

Table 3. Cover values of the canopy (A) and shrub (B) layers in the shelterbelts 

Layer     Cover (%) of layer Species   Cover (%) of species 

ROBINIA ACER ROBINIA ACER 

A 

(10-15 m) 
80% 80% 

Robinia pseudoacacia 60  

Fraxinus pennsylvanica 20  

Acer platanoides   5  

Maclura pomifera   5  

Gleditsia triacanthos   5  

Acer campestre  50 

Ulmus minor  10 

Acer platanoides  10 

Quercus cerris  10 

B 40% 20% 

Ligustrum vulgare 20 20 

Sambucus nigra  10 

Prunus spinosa  10 

Elaeagnus angustifolia 10  

Maclura pomifera   5  

 

3.3 Herbaceous diversity 

In total, 50 herbaceous species appeared in the examined quadrats. Only 14 of these were 

present inside the shelterbelts, while 44 species were found in the grassy edges (Annex II).  

 In both non-native (ROBINIA) and native (ACER) shelterbelts, the herbaceous diversity 

of the woody habitat (SHELT) is lower than that of grassy edges (EDGE). Both shelterbelts 

are very poor in species. This is similar to the results of Carlier – Moran (2019), who found 
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the herbaceous vegetation of hedgerows very poor in species. The cultivated areas adjacent to 

ROBINIA were almost totally weed-free in all of the three periods (Figure 3). This may 

indicate a more intensive weed management activity in the surroundings of this shelterbelt 

and can explain the lower diversity of the edges and field margins compared to ACER.  

 

 
Figure 3. The diversity profiles of the herbaceous vegetation in the shelterbelts and adjacent 

habitats 

 

 The non-woody field margins, grassy edges, and roadside habitats contribute significantly 

more to the weed diversity of the landscape than shelterbelts do. Romero et al. (2008) also 

reflected the significance of field margins in enhancing the diversity of the agricultural land, 

especially in the case of organic farming. Besides increasing weed diversity, Fried et al. 

(2009) found that field margins act as a refuge for agricultural weed species. A similar 

phenomenon was experienced at our test site, where numerous segetal weed species were 

found in the grassy edges, but none of these appeared inside the shelterbelts. Typically forest-

related species were not found in the shelterbelts either, which can be explained by the effect 

of fragmentation and by the fact that most of the forest-related herbaceous species colonise 

the newly planted woodlands very slowly (Wilson 2019). On the other hand, the agricultural 

weeds are adapted to open habitats and extensive cultivation (Pinke – Pál 2005). Thus, the 

conditions in the core of a shelterbelt are not appropriate for these species. This results in 

lower diversity in the shelterbelts than in the adjacent open habitats. 

 The herbaceous layer of black locust forests is typically poor in species due to the 

allelopathic effect of this tree species (Ferus et al. 2019), which causes the homogenization of 

the plant forest biota (Benesperi et al. 2012). This phenomenon is not evident in the case of 

the examined shelterbelts. Morrison – Flores (2013) found a significant difference regarding 

diversity and species composition in the understorey layer for native windbreaks; the 

appearance of invasive herbaceous species was higher in non-native shelterbelts. This survey 

was not limited to herbaceous species, but included tree seedlings as well. This method 

naturally results in a more favourable species construction of the native tree plantations. 

 

3.4 Soil microarthropods 

Fifty-five Collembola species were found in the examined soil samples. Four of these 

appeared only in the native shelterbelts, four in the non-native shelterbelts, and 18 only in 

non-woody habitats. Six of the species were found only in the grassy edges of the shelterbelts, 

and three were uncial to cultivated plots (Annex III). According to collembolan diversity, the 

native shelterbelt (ACER) exhibits slightly better conditions than the non-native belt 

(ROBINIA). The cultivated plots (CULT) are very poor in species, but the grassy edges of the 

shelterbelts are quite diverse in most cases (Figure 4). 
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Figure 4. The diversity profiles of springtails (Collembola) in the shelterbelts and adjacent 

habitats 

 

 The grassy edges of shelterbelts are at least as favourable a habitat for Collembola 

communities as the core of the shelterbelts are, which is similar to the results of herbaceous 

diversity examinations. Just a few forest-related Collembola species appeared in the soil of 

the shelterbelts. The reason for this phenomenon is the lack of forest habitats in the landscape 

and, similar to forest-related herb species, the weak dispersal ability of euedaphic Collembola 

species (Auclerc et al. 2009). The majority of the Collembola species are pioneers in both 

native and non-native shelterbelts, which coincides with the results of Olejniczak (2007). In 

terms of species richness and diversity, the maple shelterbelt is in a slightly more favourable 

condition than the black locust stand. Lazzaro et al. (2018) reported that this phenomenon is 

more significant in forest stands; the study found a remarkable decrease in hemiedaphic and 

euedaphic microarthropod groups, such as Protura, Acarina, Collembola, Diplopoda, 

Coleoptera, and Thysanoptera in black locust forests, which also can be explained with the 

allelopathic effect of black locust. Secondary metabolites (e.g., toxalbumins, robin) produced 

and released by black locust (Hui et al. 2004) often limit the diversity and abundance of 

microarthropods (Nasiri et al. 2005, Litt et al. 2014). Overall, both shelterbelt types play an 

essential role in collembolan diversity in agricultural landscapes. Several studies highlight the 

impact of tree rows in the migration of springtails from woody habitats to cultivated fields 

(Alvarez et al. 2000, Olejniczak 2007), which positively affects organic degradation and 

nutrient recycling processes (Menta 2012).  

 

3.5 Qualitative parameters 

The majority of the herbaceous plants appearing in the environment of the examined 

shelterbelts are disturbance tolerant (DT) and weed (W) species, such as Arrhenatherum 

elatius, Veronica arvensis, Lolium perenne, Galium aparine, or Lamium purpureum. The 

specialist (S) and natural competitor (C) categories are totally absent, while ruderal 

competitors (RC), like Amaranthus retroflexus, Bromus sterilis, and Convulvulus arvensis 

appear in all examined plots. The cultivated fields are extremely poor in herbaceous species 

due to weed management. The only generalist appearing in the maple shelterbelt is 

Symphytum officinale, while in the grassy edges, this category is represented by two species: 

Poa pratensis and Thymus glabra. Segetal weed species Consolida regalis, Fumaria 

vaillantii, and Viola arvensis appeared only in the grassy edges. 

 Regarding microarthropods, 20 taxa were present in the examined soil samples, of which 

Collembola and Acari are the most abundant groups. Both the biological quality of soil (QBS-

ar index) and the distribution of herbaceous plant species by social behaviour type (SBT) 
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categories reveal the importance of shelterbelts and grassy edges in agroforestry as these 

habitats increase soil-related diversity in the agricultural land (Figure 5).  

 

 

 
Figure 5. QBS-ar index and the distribution of herbaceous species by SBT categories in the 

non-native (ROBINIA) and native (ACER) shelterbelts and adjacent habitats 

 

 The qualitative traits of herbaceous and microarthropod communities show slightly more 

favourable conditions in the native shelterbelt. The QBS-ar index of the maple shelterbelt is 

the highest among the examined plots, while in some cases, this value is higher in the grassy 

edges than in the black locust belt. The number of ruderal competitor (RC) herbaceous species 

is similar in the different plots, but the number of native weeds is significantly higher in the 

edges than it is in the shelterbelts or cultivated fields. 

 

3.6 Species composition 

Among soil parameters, CaCO3 and pH are inversely correlating and determining factors for 

both communities (Figure 6). However, in the case of vegetation, this relation should be 

indirect, as the differences in the values are negligible. In practice, this linkage can result from 

differences in the level of disturbance, which cannot be measured and added to the analysis as 

a determining factor. The grassy vegetation and the presence of an earth road between the 

crop field and the edge are also important features. Black locust strongly affects the 
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collembolan community, contrary to the herbaceous species composition, which is not 

determined by the tree species primarily. 

 

 
Figure 6. Redundancy analysis of the herbaceous (left) and collembolan (right) communities. 

Abbreviations: pH: soil pH; CaCO3: calcium carbonate content of the soil; N, E, W: 

northern, western and eastern exposure; ROAD: an earth road separating the shelterbelt 

edges from crop field; GRASS: the vegetation cover is grass, ROB: the cover value of black 

locust. 

 

 Several studies confirm the positive correlation between herbaceous and Collembola 

communities (Salamon et al. 2004, Eisenhauer et al. 2011, Perez et al. 2013). The impact of 

the presence of an earth road between the cultivated field and the edge on the edge flora is 

confirmed by Sutyinszki et al. (2013), who found that line facilities mitigate the negative 

effects coming from cultivated fields and, thereby, support the formation of a more diverse 

edge flora. The sensitivity of Collembola species to herbicides (Frampton et al. 2006) explains 

that the presence of an earth road determines collembolan species composition. The majority 

of the herbaceous plants appearing in the environment of the examined shelterbelts are 

disturbance tolerant (DT) and weed (W) species, such as Arrhenatherum elatius, Veronica 

arvensis. 

  

 

4 CONCLUSIONS 

 

The results showed that the herbaceous flora of shelterbelts planted in agricultural areas is 

weak, and forest-related herbaceous species do not appear in such tree stands. Despite the 

allelopathic and nitrogen-fixing effect of black locust, which can lead to habitat 

transformations, the herbaceous layer is similar to that of the native shelterbelts. The cause of 

the species-poor herbaceous vegetation in shelterbelts is complex. The main factors are 

fragmentation, the negative effects of the agricultural surroundings, and the lack of immediate 

connections to former semi-natural habitats. In addition, the drying climate and the increased 

game population may contribute to the degradation of the herbaceous flora. The role of non-

woody habitats in preserving the agricultural weed flora is higher than that of the shelterbelts. 

The herbaceous diversity of an agroforestry system can be increased with grassy edges, where 

a species-rich, even segetal weed community can develop. However, some forest-related 

Collembola species appeared in the shelterbelts, and the grassy edges are also important 

habitats for soil mesofauna. The choice of tree species has a greater impact on 

microarthropods than on herbaceous plants. Overall, chemical-free, extensively mowed grassy 

strips can contribute significantly to the diversity of the soil-related communities of an 

agroforestry system.  
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APPENDIX 

 

Annex I: GPS coordinates of the sampling plots 

  ROBINIA ACER 

CULT 

47.86473, 17.12453 47.86191, 17.19932 

47.86460, 17.12541 47.86250, 17.20066 

47.86444, 17.12718 47.86294, 17.20189 

EDGE 

47.86485, 17.12455 47.8621, 17.19919 

47.86473, 17.12541 47.86266, 17.20052 

47.86454, 17.12717 47.86313, 17.20165 

SHELT 

47.86501, 17.12457 47.86219, 17.19912 

47.86484, 17.1254 47.86277, 17.20043 

47.86467, 17.12718 47.86324, 17.20153 

EDGE 

47.86518, 17.12456 47.86229, 17.19904 

47.86503, 17.12538 47.86286, 17.20031 

47.86484, 17.12721 47.86332, 17.20145 

CULT 

47.86531, 17.12455 47.86248, 17.19887 

47.86519, 17.12537 47.86304, 17.20019 

47.86496, 17.12722 47.86352, 17.20121 
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Annex II: Herbaceous species list and cover (%) 

 
  

CULT EDGE SHELT EDGE CULT CULT EDGE SHELT EDGE CULT

Achillea millefolium  DT 0 0 0 20 0 0 0 0 0 0

Allium scorodoprasum subsp. scorodoprasum DT 0 0 0 3 0 0 0 0 0 0

Amaranthus retroflexus  RC 0 7 0 0 0 0 0 0 5 0

Anagallis arvensis  W 0 0 0 0 0 17 0 0 3 0

Anagallis foemina  W 0 0 0 0 0 17 0 0 3 0

Arrhenatherum elatius  DT 0 13 33 30 0 0 0 0 3 0

Artemisia vulgaris  W 0 0 0 0 0 0 0 0 2 0

Avena fatua  W 0 0 0 0 0 2 0 0 0 0

Ballota nigra  W 0 7 13 0 0 0 27 30 27 0

Bromus sterilis  RC 0 13 33 0 0 0 50 40 17 0

Calamagrostis epigeios  RC 0 3 0 0 0 0 0 0 0 0

Cannabis sativa  A 0 0 0 0 0 0 0 0 3 3

Cardaria draba  W 0 0 0 0 0 0 2 0 8 0

Carduus acanthoides  W 0 7 8 0 0 0 12 0 0 0

Carex hirta  DT 0 0 0 3 0 0 0 0 0 0

Chenopodium album  RC 0 3 0 0 0 0 7 2 2 0

Chenopodium hybridum  W 0 0 0 0 0 0 10 0 7 0

Cirsium arvense  RC 0 3 0 0 0 0 0 0 0 0

Cirsium vulgare  W 0 0 0 0 3 0 0 0 0 0

Consolida regalis  W 0 0 0 0 0 0 0 0 3 0

Convolvulus arvensis  RC 5 7 2 0 0 0 3 7 7 5

Dactylis glomerata  DT 0 0 0 20 0 0 0 0 3 0

Elymus repens  RC 0 40 7 3 0 0 13 0 13 0

Euphorbia peplus  W 0 0 0 0 0 0 0 0 7 0

Falcaria vulgaris  W 0 0 0 0 0 0 2 0 0 0

Fumaria vaillantii  DT 0 0 0 0 0 0 0 0 5 0

Galium aparine  W 0 7 13 0 0 0 10 3 0 0

Geum urbanum  DT 0 0 0 2 0 0 7 17 17 0

Hypericum perforatum  DT 0 0 0 5 0 0 0 0 0 0

Lamium purpureum  W 0 15 5 0 0 0 7 7 0 0

Lathyrus tuberosus  W 0 0 0 0 0 0 0 0 2 0

Linaria vulgaris  W 0 0 0 2 0 0 0 0 0 0

Lolium perenne  DT 0 0 0 7 0 0 0 0 3 0

Medicago sativa  I 0 0 0 0 0 0 0 0 2 0

Mercurialis annua  W 0 0 0 0 0 2 0 0 0 0

Phacelia tanacetifolia  I 0 0 0 0 0 0 2 0 3 0

Plantago lanceolata  DT 0 0 0 5 0 0 0 0 0 0

Plantago major  W 0 0 0 7 0 0 0 0 0 0

Poa pratensis  G 0 0 0 17 0 0 0 0 0 0

Polygonum aviculare  0 0 0 0 0 0 0 0 7 3

Silene latifolia subsp. alba W 0 0 0 0 0 0 3 0 5 0

Stellaria media  0 2 5 0 0 0 10 10 8 0

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

Taraxacum officinale  RC 0 0 0 3 0 0 0 0 0 0

Thymus glabrescens  G 0 0 0 3 0 0 0 0 0 0

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

Urtica dioica  DT 0 0 3 0 0 0 0 0 0 0

Veronica arvensis  DT 0 12 0 0 0 0 0 5 2 0

Veronica persica  W 0 0 0 0 0 0 10 0 3 0

Viola arvensis  W 0 0 0 0 0 0 0 0 2 0

ROBINIA ACER
Species SBT
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Annex III: Collembola species list 

 

CULT EDGE SHELT EDGE CULT CULT EDGE SHELT EDGE CULT

Ceratophysella denticulata 0 0 0 0 0 2 0 2 0 0

Ceratophysella luteospina 0 0 7 0 0 0 0 0 0 0

Ceratophysella succinea 14 0 0 0 35 39 0 0 2 11

Hypogastrura socialis 0 54 0 92 4 2 29 0 104 0

Hypogastrura vernalis 0 0 0 0 0 0 3 0 0 0

Schoettella ununguiculata 0 14 47 0 0 0 0 17 0 0

Willemia virae 8 6 14 9 0 0 1 26 6 1

Friesea sp. 0 0 0 0 0 1 2 0 0 0

Deutonura conjuncta 0 0 6 0 0 0 1 2 0 0

Micranurida pygmaea 0 0 3 0 0 0 1 9 0 0

Pseudachorutes parvulus 0 4 28 1 0 0 2 19 0 0

Pseudachorutes pratensis 0 0 8 0 0 0 1 0 1 0

Superodontella lamellifera 0 0 0 0 0 0 0 2 0 0

Protaphorura armata 12 7 38 2 6 3 14 21 3 0

Protaphorura campata 0 0 12 0 0 0 0 0 0 0

Protaphorura cancellata 0 3 0 0 0 0 4 0 1 0

Protaphorura gisini 0 18 0 10 0 1 22 0 9 0

Doutnacia xerophyla 0 1 67 12 0 0 5 23 1 0

Mesaphorura critica 11 16 2 12 2 0 4 0 3 0

Mesaphorura italica 4 0 0 0 0 0 0 7 0 0

Mesaphorura krausbaueri 0 9 14 19 0 0 15 4 3 0

Mesaphorura macrochaeta 0 0 0 0 5 22 0 0 0 4

Mesaphorura yosii 3 0 0 0 0 0 0 0 0 0

Metaphorura affinis 0 11 126 9 0 0 0 87 0 0

Metaphorura denisi 0 12 5 39 2 3 52 0 21 26

Cryptopygus bipunctatus 0 0 0 0 0 0 0 12 0 0

Cryptopygus thermophilus 0 7 0 3 0 0 4 0 7 0

Folsomia manolachei 0 0 9 0 0 0 0 0 0 0

Folsomides parvulus 0 2 12 4 7 0 7 7 3 0

Isotomodes productus 0 11 0 14 0 0 14 0 8 0

Proisotoma minuta 0 0 0 0 0 0 0 8 0 0

Isotoma caerulea 0 2 0 0 0 0 2 0 0 0

Isotoma viridis 0 0 0 9 0 0 0 0 0 0

Parisotoma notabilis 7 17 12 11 19 3 53 27 21 9

Isotomiella minor 0 28 9 7 0 0 0 0 0 0

Entomobrya corticalis 0 0 1 0 0 0 0 0 0 0

Entomobrya multifasciata 0 4 0 6 0 0 0 2 0 2

Entomobrya quinqelineata 0 0 0 2 0 0 0 0 1 0

Orchesella cincta 1 3 4 1 3 0 1 2 3 0

Lepidocyrtus cyaneus 3 2 0 0 0 0 0 0 0 0

Lepidocyrtus lanuginosus 0 0 0 0 0 0 12 7 4 0

Lepidocyrtus cf. lignorum 0 0 6 0 0 0 7 19 5 0

Lepidocyrtus paradoxus 0 0 0 1 0 0 0 0 0 0

Heteromurus major 0 0 5 0 0 0 3 2 5 0

Tomocerus juv 0 0 0 0 0 0 0 1 0 0

Pseudosinella alba 0 18 13 8 0 2 11 8 3 0

Pseudosinella octopunctata 1 2 0 5 0 0 0 0 2 0

Pseudosinella petterseni 0 4 0 0 0 0 0 1 0 1

Pseudosinella zygophora 0 0 3 2 3 0 1 0 3 2

Cyphoderus albinus 0 1 0 3 0 0 0 0 0 0

Megalothorax minimus 0 0 0 0 0 0 4 9 0 0

Bourletiella arvalis 0 2 0 0 0 0 0 0 0 0

Sphaeridia pumilis 0 9 0 14 0 0 17 28 4 0

Sminthurinus elegans 0 7 0 6 1 2 2 0 2 0

ROBINIA ACER
Species
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Annex IV: calculation of QBS-ar index 

Microarthropod taxa 

individuals 

ROBINIA ACER 

CULT EDGE SHELT EDGE CULT CULT EDGE SHELT EDGE CULT 

ACARI 276 823 1128 530 214 329 643 1236 571 179 

ARANEAE 1 3 2 1 0 0 3 4 2 0 

CHILOPODA 0 1 2 0 0 0 0 1 0 0 

COLEOPTERA 3 3 3 1 0 1 5 5 2 1 

COLEOPTERA larvae 3 11 9 8 0 1 3 14 4 1 

COLLEMBOLA 64 274 451 301 87 80 294 352 225 56 

DIPLOPODA 0 2 0 0 0 0 0 1 0 0 

DIPLURA 2 6 5 9 5 0 7 7 4 0 

DIPTERA LARVAE 0 0 2 2 0 1 1 0 3 0 

HEMIPTERA 0 0 0 1 0 0 0 0 2 0 

HYMENOPTERA - ANTS 0 12 2 6 5 0 6 0 17 0 

LARVA HYMENOPTERA 0 0 0 2 0 0 0 0 0 0 

ISOPODA 0 0 0 0 0 0 0 0 0 0 

LARVA LEPIDOPTERA 0 0 0 0 0 0 1 0 0 0 

PAUROPODA 1 2 0 0 0 0 0 0 0 0 

PROTURA 0 0 0 0 0 0 2 4 0 0 

PSEUDOSCORPIONIDA 0 0 0 0 0 0 0 3 0 0 

PSOCOPTERA 16 5 7 0 8 4 2 0 9 7 

SYMPHYLA 0 5 3 2 0 0 6 7 2 0 

THYSANOPTERA 0 2 7 2 0 0 1 3 4 0 

 

 

Microarthropod taxa  

EMI scores 

ROBINIA ACER 

CULT EDGE SHELT EDGE CULT CULT EDGE SHELT EDGE CULT 

ACARI 20 20 20 20 20 20 20 20 20 20 

ARANEAE 1 5 5 1 0 0 5 1 5 0 

CHILOPODA 0 10 10 0 0 0 0 10 0 0 

COLEOPTERA 1 5 5 5 0 1 5 5 1 1 

COLEOPTERA larvae 10 10 10 10 0 10 10 10 10 10 

COLLEMBOLA 20 20 20 20 20 20 20 20 20 20 

DIPLOPODA 0 10 0 0 0 0 0 10 0 0 

DIPLURA 20 20 20 20 20 0 20 20 20 0 

DIPTERA LARVAE 0 0 10 10 0 10 10 0 10 0 

HEMIPTERA 0 0 0 1 0 0 0 0 1 0 

HYMENOPTERA - ANTS 0 5 5 5 5 0 5 0 5 0 

LARVA HYMENOPTERA 0 0 0 10 0 0 0 0 0 0 

ISOPODA 0 0 0 0 0 0 0 0 0 0 

LARVA LEPIDOPTERA 0 0 0 0 0 0 1 0 0 0 

PAUROPODA 20 20 0 0 0 0 0 0 0 0 

PROTURA 0 0 0 0 0 0 20 20 0 0 

PSEUDOSCORPIONIDA 0 0 0 0 0 0 0 20 0 0 

PSOCOPTERA 1 1 1 0 1 1 1 0 1 1 

SYMPHYLA 0 10 10 10 0 0 10 10 10 0 

THYSANOPTERA 0 1 1 1 0 0 1 1 1 0 

QBS-ar 93 137 117 113 66 62 128 147 104 52 

 


