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Abstract. The aim of the research conducted in the years 2013-2018 in the Greater Poland region of 

Poland was to acquire knowledge about segetal plants representing the Stellarietea mediae class, which 

appears in the agricultural landscape of environmental islands, and also to determine the reason for its 

variability both in terms of habitat and connected with the type of agricultural utilization in neighbouring 

areas. In the areas from 5 to 50 m2, 116 phytosociological releves were taken using the classic Braun-

Blanquet’s method, and these were then subjected to multilateral analysis. Species from Stellarietea 

mediae definitely dominate in the phytocenoses of inter-field balks (37 taxons), where they reach high 

stages of constancy. They were encountered less often among inter-field afforestations. In inter-field 

balks and inter-field waterhole banks species from Centauretalia cyani dominate among grain tillage, 

whereas ones from Polygono-Chenopodietalia are predominant in cornfields. Where live form structure is 

concerned, inter-fields balks are dominated by annual plants, whereas on the banks on inter-field 

waterholes and afforestations, the dominant forms are hemicrytophytes. In balks and afforestations almost 

100% of species are synanthropic (mainly aprophytes and archaeophytes) and inter-field waterhole banks 

are dominated by native flora. The results show that variability in the species structure of marginal 

habitats in the agricultural landscape depends strictly on the type of tillage and utilization of neighbouring 

areas, as well as on soil and ecological conditions. 

Keywords: biodiversity, segetal species, agriculture areas, balks, slopes of inter-field waterholes, inter-

field afforestations 

Introduction 

The significance of agricultural terrains in the protection of biodiversity is noticed 

more and more often (Symonides, 2010; Bjelajac et al., 2014; Dias Tavares et al., 

2019). Observing the results of the deformation of the natural environment in 

agricultural areas caused by human activities aimed at obtaining food for people and 

fodder for animals, attention has been drawn to the surfaces of the elements of natural 

landscape structure – the so-called ‘ecological margins’ – still characterized by high 

biodiversity (Banaszak and Cierzeniak, 2002; Chappell and LaValle, 2011; Jacot et al., 

2006; Karg, 2003; Loster, 1991; Ożgo, 2010). Such parts are microecosystems of the 

agricultural environment, i.e. inter-field afforestations, waterholes and balks. They 

function as environmental islands. These environmental islands are themselves act as 

support for biodiversity. They also help sustain the durability of the surrounding 

agroecosystems by being both a barrier to pollution and ecological corridors, and 
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support for animals (Knapp and Řezáč, 2015; Morelli, 2013; Duelli and Obrist, 2003; 

Tscharntke et al., 2002). They are covered with typical flora, the retention of which is 

increasingly difficult, as it is endangered by agrotechnical pressure (Barrios et al., 2018; 

Fisher and Lindenmayer, 2007). A visible aspect which is a threat to their floral 

diversity is the simplification of agricultural landscape structure as a result of 

monoculturalization of tillage and the implementation of modern agrotechnical 

solutions (Kleps, 2009). On one hand, this leads to the extinction of groups of narrowly 

specialized organisms, and on the other, to the proliferation of organisms of which are 

often expansive and of a wide ecological scale (Afranowicz-Cieślak, 2011; Batáry et al., 

2011; Kapeluszny and Haliniarz, 2010; Tokarska-Guzik et al., 2011). Owing to this, the 

appearance of common weeds, along with the simultaneous impoverishing of their 

population composition (Dąbrowska-Prot, 1984), is observed more and more often in 

phytocenoses formed in balks, inter-field afforestations, on the banks of inter-field 

waterholes. 

The aim of the research was to identify flora covering what are termed 

‘environmental islands of the agricultural landscape’ with a special analysis of segetal 

plants representing the Stellarietea mediae class. Furthermore, the reasons for the 

diversification of phytocenoses of ecological margins – both of the habitat and that 

which is dependent on the type of agricultural tillage of the directly adjacent areas – 

were defined. 

Materials and methods 

Floristic research was conducted in Greater Poland region (Poland) (Fig. 1) in 

vegetative seasons (May, June and the beginning of July) from 2013 to 2018 (Figs. A1-

3 in the Appendix). 

In areas ranging from 5 to 50 m2, 116 phytosociological relevés were taken using the 

Braun-Blanquet method (Table 1.). 

 
POLAND

Greater Poland

- approximate location 
of the research

 

Figure 1. Location of the research 
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Table 1. Research areas 

Agrocoenoses adjacent with surfaces 

of studied of environmental islands 
 

Number of 

phytosociological relevés 

Balks   

1 Between tillages of maize and rape 7 

2 Between tillages of maize and cereals 13 

3 Between tillages of root crops and grain 13 

4 Between tillages of cereals 16 

Slopes of inter-field waterholes   

5 Among tillage of cereals 18 

6 Among tillages of maize 15 

Inter-field afforestations   

7 Bordering the tillage of cereals 12 

8 Bordering the tillage of maize 11 

9 Bordering the tillage of rape 11 

 

 

Phytosociological relevés were saved in a database of the TURBOVEG program 

(Hennekens and Schaminée, 2001) and subsequently imported to the JUICE program 

(Tichý, 2002), with the assistance of which the initial hierarchical TWINSPAN 

classification analysis (Hill, 1979) was conducted. This analysis enabled them to be 

divided and gave an initial insight into the similarities and differences between the 

photos. The collection of 116 phytosociological relevés was also analyzed by means of 

the CANOCO 5.0 program (Braak and Šmilauer, 2014). First, NMDS (non-metric 

multidimensional scaling) analysis was conducted, which showed Euclidean distances 

between each releve. These distances are the ecological distance and corresponds with 

the differences in species composition between the samples (Kindt and Coe, 2005). 

Next, in order to obtain environmental gradients explained with floral data, PCA 

analysis results were presented. 

Phytosociological structure (Matuszkiewicz, 2012) and botanical diversity were 

analyzed using classical methods, diversity was marked with Shannon-Wiener – H’ rate 

(Magurran, 1996); the structure of life forms (Zarzycki et al., 2002), and the origin of 

flora (Jackowiak, 1990) were also marked and the stability of segetal species entering 

these habitats was defined. 

Diversification of habitat conditions was defined with the phytoindication method 

(Ellenberg and Leuschner, 2010). Indicators such as: L - light conditions, F - habitat 

moisture, R - soil reaction, N - nitrogen content were considered. 

Results 

Among the environmental islands of the agricultural landscape analyzed, 

phytocenoses formed on the banks of inter-field waterholes are the richest in plant 

species. 127 plant species were found on their surfaces, whereas the fewest species 

among all the analyzed areas were found on the balks – 74 taxons. 

However, what influences the species richness of environmental islands in the 

agricultural landscape is not only their type but also the neighborhood of the 

agrocenoses. According to both the total number of species and the average number of 

species in the phytosociological relevé, more plant species were found in the 

phytocenoses bordering cereal tillage. On each environmental island in the areas 

bordering those tillages, an average of 15 species was observed in the phytosociological 

relevé. Slightly fewer species were found in the areas bordering corn tillage, whereas 
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significantly fewer species were observed in the phytosociological relevés taken on 

environmental islands adjacent to rape and root crop tillages (Table 2). 

 
Table 2. Floral diversification of environmental islands 
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Balks 

Cereals - cereals 16 47 27 74 14.9 1.70 

Maize - cereals 13 48 25  10.8 1.48 

Root crops - cereals 13 35 16  8.0 1.16 

Maize - rape 7 13 8  6.6 1.52 

Slopes of inter-

field waterholes 

Cereals 18 98 14 127 14.7 1.72 

Maize 15 85 9  13.0 1.56 

Inter-field 

afforestations 

Cereals 12 73 + 12 (tree) 22 101 (herbaceous layer) + 19 (trees layer) 14.6 1.92 

Maize 11 68 + 10 (tree) 21  14.4 1.98 

Rape 11 52 + 11 (tree) 19  11.7 1.66 

 

 

The analysis of segetal species in the phytocenoses of environmental islands carried 

out on the basis of phytosociological structure showed their highest percentage on inter-

field balks (45-59%) and a lower one in inter-field afforestations (29-39%). 

Nevertheless, what draws attention on the banks of inter-field waterholes is the highest 

proportion of species characteristic of Molinio-Arrhenatheretea class (c. 40%) with a 

very low proportion of species from the Stellarietea mediae class (Fig. 2). Moreover, on 

balks as well as on the banks of inter-field waterholes and afforestations, in general, the 

highest proportion in the total number of species is for taxons characteristic of the 

Stellarietea mediae class in the areas bordering grain tillage, while far fewer of these 

species were observed in the phytocenoses of environmental islands bordering corn and 

rape tillages. 

 

 

Figure 2. Phytosociological diversification of ecological margin flora. Explanations: Balks 1 - 

between tillages of maize and rape; 2 - between tillages of maize and cereals; 3 - between 

tillages of root crops and grain; 4 - between tillages of cereals; Slopes of inter-field waterholes 

5 - among tillage of cereals; 6 - among tillages of maize; Inter-field afforestations 7 - bordering 

the tillage of cereals; 8 - bordering the tillage of maize; 9 - bordering the tillage of rape 
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What is particularly notable when analyzing the syntaxonomical diversification of 

the Stellarietea mediae class species is the high proportion of species characteristic of 

phytocenoses adjacent to cereal and flax tillages from Centauretalia cyani. Their 

particularly significant level was observed in balk phytocenoses (39-49%). The growing 

influence of adjacent agrocenoses on the species composition of the phytocenoses of 

environmental islands is also proved by the highest degree of species characteristic of 

phytocenoses accompanying root species from Polygono-Chenopodietalia cultivated in 

fertile and semi-fertile soils when these areas were adjacent to rape tillage. By contrast, 

the species composition of afforestation undergrowth is often random, therefore the 

appearance of numerous species of annuals and biennials of ruderal areas in the first 

stadium of Sisymbrietalia succession was observed in the areas analyzed (Fig. 3). 

 

 

Figure 3. Diversification of Stellarietea mediae class. Explanations: Balks 1 - between tillages 

of maize and rape; 2 - between tillages of maize and cereals; 3 - between tillages of root crops 

and grain; 4 - between tillages of cereals; Slopes of inter-field waterholes 5 - among tillage of 

cereals; 6 - among tillages of maize; Inter-field afforestations 7 - bordering the tillage of 

cereals; 8 - bordering the tillage of maize; 9 - bordering the tillage of rape 

 

 

Multidimensional scaling showed mainly that the value of the species cover 

coefficient from the Stellarietea mediae class determine the floral diversification of 

environmental islands (Fig. 4). Having taken into consideration axis X (59.97% defined 

changeability), balk phytocenoses showed the highest coefficient of the coverage with 

the species, whereas on axis Y (20.83% defined changeability), releves diffused due to 

the domination of taxons characteristic of those from the Stellarietea mediae class in 

floral composition. 

Environmental islands undergo a strong influence from their surroundings and 

therefore do not develop stable abiotic and biotic conditions, which results in a high 

proportion of short-term species (terophytes) and synanthropic ones, among which 

species from the Stellarietea mediae class clearly predominate (from almost 80% to 

100%). The biggest share of terophytes was observed in balk phytocenoses (from more 

than 57% to 66%). In the structure of species’ live forms existing in inter-field 

afforestation and on waterholes’ banks, the domination of hemicrytophytes was 

observed, yet terophytes were the second biggest group of plants in terms of number 

(from more than 17% to more than 42%) (Table 3). 
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Figure 4. NMDS diagram of Euclidean distances between samples. Explanations: CoverMA - 

cover by species from Mollinio-Arrhenatheretea Class; CoverStel - cover by species from 

Stellarietea mediae Class; CoverPolg - cover by species from Polygono-Chenopodietalia 

Order; CoverSism - cover by species from Sisymbrietalia Order; CoverCent - cover by species 

from Centauretalia cyani Order; BalkMR - balks between tillages of maize and rape; BalkMC - 

balks between tillages of maize and cereals; BalkPC - balks between tillages of root crops and 

grain; BalkCC - balks between tillages of cereals; PondC - slopes of inter-field waterholes 

among tillage of cereals; PondM - slopes of inter-field waterholes among tillages of maize; 

TreeM - inter-field afforestations bordering the tillage of maize; TreeR - inter-field 

afforestations bordering the tillage of rape; TreeC - inter-field afforestations bordering the 

tillage of cereals 

 

 

In the general flora of the areas examined, the biggest proportion was represented by 

native species (from more than 50% to almost 90%) and among them synanthropic 

plants – apophytes. A particularly large number of native species, both apophytes and 

spontaneophytes, was found in the phytocenoses of inter-field waterhole banks. The 

majority of anthropophytes were archaeophytes – from more than 7% to almost 45% – 

and the dominant group comprised species from the Stellarietea mediae class. A 

comparative analysis of archaeophytes appearing on the surfaces of environmental 

islands proved that they play the most important role in the phytocenoses of balks, 

especially those separating cereal tillages. However, the areas most resistant to the 

development of anthropophytes are the areas of waterhole banks (Table 3). 

When analyzing the frequency of appearance of species characteristic of the 

Stellarietea mediae class in the phytocenoses of environmental islands, what draws 

attention is that the highest – 5th and 6th level of constancy in balks and inter-field 

afforestations was observed in Apera spica-venti, Chenopodium album and Viola 

arvensis. However, what was also identified on balks was very the frequent appearance 

of Centaurea jacea, Chamomilla recutita, Conyza canadensis, Viola arvensis, and 
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frequent of Anchusa arvensis, Consolida regalis, Myosotis arvensis, Centaurea cyanus, 

Echinochloa crus-gali. However, no segetal species at the 5th or 6th level were noted on 

the phytocenoses of inter-field waterhole banks. Most of the segetal species on the 

banks are taxons rarely seen in phytosociological photos and therefore only reaching the 

1st or 2nd level of constancy. Such a structure of constancy levels of waterhole banks 

species may prove the low constancy of developed phytocenoses which may be 

endangered by the appearance of common species and sometimes invasive ones from 

neighbouring phytocenoses. Furthermore, their instability may be associated with high 

moisture in the banks, which depends on the ground water level, and it often changes 

throughout the vegetation season. Segetal species present in the undergrowth of banks 

cannot cope with such fluctuations in moisture and therefore disappear, to be replaced 

by species with high adaptability to their surroundings and biological traits (Table 4). 

Among the segetal species observed, some are not harmful newcomers which take on 

the status of domesticated invasive plants and contribute to the loss of environmental 

islands’ naturalness. These include Conyza canadensis, Echinochloa crus-gali and 

Veronica persica. 

 
Table 3. Spectrum of live forms and geographic and historical ones of phytocenoses of the 

environmental islands analyzed 

Type of use 

Balks 
Slopes of inter-

field waterholes 

Inter-field 

afforestations 

Cereals - 

cereals 

Maize - 

cereals 

Root crops - 

cereals 

Maize - 

rape 
Cereals Maize Cereals Maize Rape 

Life form of species [%] 

Ch Total 8.5 4.2 2.9 7.7 6.1 3.5 2.7 5.9 3.8 

G 
Total 10.6 12.5 17.1 7.7 13.3 16.5 12.3 11.8 11.5 

Stel. med. 3.7 0.0 0.0 0.0 7.1 0.0 4.8 0.0 5.3 

H 
Total 14.9 25.0 20.0 23.1 48.0 44.7 46.6 42.6 34.6 

Stel. med. 3.7 12.0 0.0 12.5 14.3 0.0 4.8 9.1 10.5 

Hy Total 0.0 0.0 0.0 0.0 8.2 10.6 0.0 0.0 0.0 

F Total 0.0 0.0 2.9 0.0 7.1 4.7 4.1 4.4 7.7 

T Total 66.0 58.3 57.1 61.5 17.3 20.0 34.2 35.3 42.3 

 Stel. med. 92.6 88.0 100.0 87.5 78.6 100.0 90.5 90.9 84.2 

Sum  100 100 100 100 100 100 100 100 100 

Geographical-historical spectrum of flora [%] 

Ap 
Total 48.9 54.2 57.1 53.8 68.4 71.8 71.2 63.2 61.5 

Stel. med. 29.6 32.0 25.0 37.5 35.7 11.1 19.0 18.2 26.3 

Arch 
Total 44.7 33.3 34.3 30.8 11.2 7.1 23.3 25.0 30.8 

Stel. med. 66.7 52.0 62.5 37.5 57.1 55.6 71.4 68.2 68.4 

Ee 
Total 0.0 2.1 0.0 0.0 1.0 1.2 0.0 2.9 1.9 

Stel. med. 0.0 4.0 0.0 0.0 0.0 11.1 0.0 9.1 5.3 

Ken 
Total 4.3 8.3 5.7 15.4 2.0 2.4 4.1 4.4 5.8 

Stel. med. 3.7 12.0 12.5 25.0 7.1 22.2 9.5 4.5 0.0 

Sp Total 2.1 2.1 2.9 0.0 17.3 17.6 1.4 4.4 0.0 

Sum  100 100 100 100 100 100 100 100 100 

Ch – Chamephytes; G – Geophytes; H – Hemikryptophytes; F – Fanerophytes; T – Terophytes; Ap – Apophytes; 

Arch – Archeophytes; Ee – Epekophytes; Ken – Kenophytes; Sp – Spontaneophytes 

 

 

The species composition of environmental island phytocenoses, including the 

appearance of segetal species, is strictly connected with habitat conditions. The most 

homogenous habitat conditions assessed with ecological coefficients in terms of light 

and moisture are balks, whereas the highest ecological amplitudes in terms of light are 

found in inter-field afforestation phytocenoses, and in terms of moisture and trophism, 
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in inter-field waterhole banks. It may be assumed that a small number of species, 

including a major percentage of terophytes and species characteristic of cereal tillage 

phytocenoses from Centauretalia cyani observed on balks, may be connected with 

moisture conditions that show drying (the average value of F coefficient – c. 5) and 

quite high firmness of the herbal layer, which creates the conditions for half-shadow 

(the average value of the L coefficient – c. 6.5). In the low and firm undergrowth of 

inter-field waterhole banks, light interception is better (the average value of light L 

coefficient – c. 6) in plants, at mild moisture (the average value of F coefficient – 

almost 7) and habitat trophism (the average value of N coefficient – c. 7). These are 

favorable conditions for the appearance of a high number of plant species, a higher 

share of hemicrytophytes and species characteristic for phytocenoses accompanying 

roots cultivated in fertile and semifertile soils, representing Polygono-Chenopodietalia. 

The species composition of inter-field afforestations mostly influences the shadowing of 

the herbal layer of undergrowth (the average value of L coefficient – c. 6), when 

compound with moisture (the average value of F coefficient – more than 7) and high 

richness of soils in nitrogen (the average value of N coefficient – more than 6.6). Out of 

all the phytocenoses of environmental islands, it is characterized by the biggest 

proportion of Sisymbrietalia species (Fig. 5). 

 
Table 4. Distribution of constancy levels of species observed in the phytocenoses of 

environmental islands 

Environmental 

islands 

Type of 

tillage 

Constancy 

V IV III 

Balks 

Cereals - 

cereals 

Agropyron repens, 

Apera spica-venti, 

Centaurea jacea, 

Chamomilla recutita, 

Conyza canadensis, 

Viola arvensis 

Anchusa arvensis, 

Chenopodium album, 

Consolida regalis, 

Myosotis arvensis 

Convolvulus arvensis, Fallopia 

convolvulus, Papaver dubium, 

Stellaria media 

Maize - 

cereals 
Apera spica-venti 

Agropyron repens, 

Centaurea cyanus, 

Echinochloa crus-

galli 

Anthoxanthum aristatum, 

Galeopsis tetrachit, Polygonum 

lapatifolium, Viola arvensis 

Root crops - 

cereals 
Agropyron repens 

Chenopodium album, 

Viola arvensis 

Centaurea cyanus, Chamomilla 

recutita, Echinochloa crus-galli 

Maize - rape 

Agropyron repens, 

Artemisia campestris, 

Chenopodium album 

 Galinsoga ciliata, Viola arvensis 

Slopes of inter-

field waterholes 

Cereals   

Cirsium arvense, Galium aparine, 

Galium palustre, Lyschimachia 

nummularia, Urtica dioica,  

Maize   
Lychnis flos-cuculi, Holcus 

lanatus, Poa pratensis 

Inter-field 

afforestations 

Cereals 
Sambucus nigra, 

Urtica dioica 
Galium aparine 

Achillea millefolium, Agropyron 

repens, Anthoxanthum aristatum, 

Arrhenatherum elatius, 

Chenopodium album, Cirsium 

arvense, Convolvulus arvensis, 

Dactylis glomerata, Poa trivialis 

Maize  

Bromus tectorum, 

Chenopodium album, 

Sambucus nigra, 

Urtica dioica 

Agropyron repens, Anthriscus 

sylvestris, Arrhenatherum elatius, 

Cirsium arvense, Dactylis 

glomerata, Galium aparine 

Rape Chenopodium album 

Agropyron repens, 

Urtica dioica, Viola 

arvensis 

Arrhenatherum elatius, Galium 

aparine, Sambucus nigra 
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Balks

1 cereales - cereales

2 maize - cereales

3 root crops - cereales

4 maize - rape

Slopes of inter-field waterholes

5 cereales

6 maize

Inter-field afforestions

7 cereales

8 maize

9 rape  

Figure 5. Averages and scopes of phytoindicative coefficients: L - light, F - moisture, N - 

richness of soil in nitrogen for the analyzed phytocenoses of environmental islands 

 

 

Therefore, moisture was a crucial factor in differentiating the islands that were 

analyzed. It was most visible on the inter-field waterhole banks and least visible in the 

phytocenoses of inter-field balks (Fig. 6). Moreover, almost half of the variables on the 

chart may be explained with the gradients of trophism and insolation i.e. the habitats with 

high nitrogen content in soil are characteristic of afforestations and balks at root and corn 

tillages (the result of fertilization and/or a high amount of organic matter, which dissolutes 

quickly) and the N coefficients’ values of balk habitats between cereals and of inter-field 

waterhole banks are lower than at a simultaneously far stronger insolation. 

To sum up, habitat conditions characterizing moisture, light, trophism shape the 

phytosociological structure of environmental islands where species from the Stellarietea 

mediae class are concerned, i.e.: 

• Balks among cereal tillages with a high proportion of Cenaturetalia species 

and low moisture. 

• Inter-field waterhole banks among cereals and corn tillages, where not many 

segetal species were observed, were more moisturized and shadowed. 

• Balks at roots and corn tillages with a greater proportion of Polygono-

Chenopodietalia species from and higher trophism of soil (Fig. 7). 
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Figure 6. PCA chart of Ellenberg’s phytoindicative coefficients variability within the 

phytosociological releves analyzed. Explanations: L - Light; F - Moisture; R - Soil Reaction; N 

- Nutrient Content; BalkMR - balks between tillages of maize and rape; BalkMC - balks 

between tillages of maize and cereals; BalkPC - balks between tillages of root crops and grain; 

BalkCC - balks between tillages of cereals; PondC - slopes of inter-field waterholes among 

tillage of cereals; PondM - slopes of inter-field waterholes among tillages of maize; TreeM - 

inter-field afforestations bordering the tillage of maize; TreeR - inter-field afforestations 

bordering the tillage of rape; TreeC - inter-field afforestations bordering the tillage of cereals 

Discussion 

Arable areas are terrain affected by dynamic processes and changes connected with 

human activity, which endangers biodiversity, including segetal and ruderal 

phytocenoses (Lososová and Simonová, 2008; Kleps, 2009; Meyer et al., 2010). One of 

the means to retain this is landscape diversification and maintenance of the highest 

possible fragments of natural and half-natural flora (Bożętka, 2007; Loster, 1991; 

Nicholas and Altieri, 2013). Erissman et al. (2016) stresses that agriculture can 

contribute to the increase in and conservation of biodiversity, for example, by smarter 

management of marginal land, but also by managing fertile areas. Floral phytocenoses 

formed on these special environmental islands are characterized by a large number of 

species whose biological spectrum are not distorted by arable cultivation conducted on 

the neighbouring agrocenoses. However, phytocenoses of these areas differ both in 

terms of the total number of species and the presence of segetal species represented by 

the Stellarietea mediae class. The results obtained here show that phytocenoses formed 

in the habitats of well moisturized inter-field waterhole banks and brushwood are the 

richest in floral species. Myśliwy et al. (2007) also draw attention to the fact that inter-

field brushwood contains numerous species, which is the result of the appearance of all 

the floral layers. 
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Figure 7. Ordination area representing the spread of photos between phytosociological data 

and habitat coefficients. Explanations: L - Light; F - Moisture; R - Soil Reaction; N - Nutrient 

Content; CoverPolg - cover by species from Polygono-Chenopodietalia Order; NoPolyg - 

Number of species from Polygono-Chenopodietalia Order; CoverSism - cover by species from 

Sisymbrietalia Order; NoSism - Number of species from Sisymbrietalia Order; CoverCent - 

cover by species from Centauretalia cyani Order; NoCent - Number of species from 

Centauretalia cyani Order; BalkMR - balks between tillages of maize and rape; BalkMC - balks 

between tillages of maize and cereals; BalkPC - balks between tillages of root crops and grain; 

BalkCC - balks between tillages of cereals; PondC - slopes of inter-field waterholes among 

tillage of cereals; PondM - slopes of inter-field waterholes among tillages of maize; TreeM - 

inter-field afforestations bordering the tillage of maize; TreeR - inter-field afforestations 

bordering the tillage of rape; TreeC - inter-field afforestations bordering the tillage of cereals 

 

 

Reichholf (1998) and Ożgo (2010) claim that good light flow in changing 

moisturization is beneficial for fast succession processes and the colonization of banks 

by species from the neighbouring phytocenoses, which shapes their rich floral 

composition. The dependencies presented here may prove that the difference in the total 

number of species between the phytocenoses of environmental islands may be 

connected with their origin and type of habitat (Leinert, 2004). 

A thorough analysis of the results, including the statistical analysis conducted with 

PCA and NMDS ordination methods, allows us to explain the number of segetal species 

from the Stellarietea mediae class observed in the phytocenoses of environmental islands 

from the cultivations carried out in the neighbouring fields. The type of tillage is strictly 

connected with soil conditions and the intensity of the agrotechnics that are conducted, 

which also influence the development of the accompanying species – weeds (Aoncioaie, 

2012; Batáry et al., 2012; Kutyna and Malinowska, 2011). Therefore, the presence of 
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fields with grain tillage positively influenced the appearance of a large proportion of 

species from Centauretalia cyani in the area examined, whereas in the areas attached to 

the root or rape tillage conducted on wheat complexes, more Polygono-Cheniopodietalia 

species were observed, which was also proved the results of the assessment of habitat 

conditions conducted using the phytoidentification method. According to these results, 

habitats of environmental islands neighbouring intensive root, corn or rape tillages 

reached higher values of the N coefficient at high moisturization. Moreover, Symonides 

(2010) and Andrzejewski (2002) highlight the particular abiotic conditions of 

environmental islands, which, in their opinion, may be caused by their small areas and, 

consequently, the impossibility of normal ecosystem processes. 

The dependency between the number of segetal species on balks and the intensity of 

tillage was investigated by Karg (2003). According to his study, in the East of Poland, 

where agricultural is mostly ecological, almost 400 plant species were observed on balks 

and neighbouring parts of fields, whereas on balks at intensively cultivated fields in 

Wielkopolska, a lower number of species was found (c. 150) (Krasicka-Korczyńska and 

Borzych, 2002). In comparison to this data, the number of 70 plant species on the balks 

analyzed (including 8-27 taxons from the Stellarietea mediae class) may be considered 

very low and proof that the adjacent fields are intensively cultivated, especially in terms 

of ‘weed control’. The influence of the neighborhood on the species composition of inter-

field afforestations was also observed, especially in the undergrowth (Pykälä et al., 2005). 

Jones and Haggar (1999), French and Cummins (2001) and Honnay et al. (2005) claim 

that the herbal layer of inter-field brushwood is often influenced by the intensity of 

cultivation in the adjacent areas, especially in the range of nitrogen and natural 

fertilization. Furthermore, Stulichowa (1979) emphasizes the impact of brushwood 

origins on their species composition. They may be the remains of forests or develop 

spontaneously. Their spontaneous development usually happens on balks, and in such 

conditions, in the undergrowth, segetal species from the Stellarietea mediae class are 

found. The results of floristic research concerning phytosociological structure of inter-

field brushwood phytocenoses prove their spontaneous growth on balks. The lack of 

occasional mowing led to their gradual bushing and the growth of trees. 

Analysis of the results concerning the spectrum of live forms from the geographical-

historical forms confirms that the phytocenoses of environmental islands are 

characterized by minor constancy (Myśliwy et al., 2007; Skrzyczyńska et al., 2014). 

Their species composition depends on the cultivation intensity of the neighbouring 

arable lands, which may endanger the floral variability of balks dominated by short-

term species and archaeophytes (Dobrzański and Adamczewski, 2009). In turn, the 

assessment of constancy levels of species observed in the research areas shows that in 

the arable land, flora, especially of small water tanks and their banks, is endangered. In 

the waterhole habitats, no species of the 5th or 6th constancy level was found. The great 

threat to the flora of small water tanks in the arable landscape is explained by Myśliwy 

et al. (2007) with their disappearance as a result of amelioration, among other factors. 

In the era of intensity of agriculture, environmental islands have become the only place 

of survival to the segetal flora and especially for short-term species (Peterken and Francis, 

1999). They are vulnerable due to the agrotechnical measures conducted in the adjacent 

agrocenoses. Nevertheless, one needs to remember that these areas are some of only very 

few places in the agricultural landscape where half-natural flora grows, and therefore play 

an important role in the maintenance of biodiversity. As a consequent, more and more 

programs are being launched in order to protect segetal flora (Meyer et al., 2010). 
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Conclusions 

1. Ecological margins are characterized by large floral diversity, which stems from: 

• Cultivation of adjacent areas - the biggest species diversity was observed on 

environmental islands adjacent to grain tillages; it was also where the largest 

average number of species in the phytosociological photo was found. 

• Habitat variability - the total largest species richness was observed on the 

inter-field waterhole banks, which was characterized by a wide spectrum of 

moisturization and trophism. 

2. Segetal species from the Stellarietea mediae class usually expand to inter-field 

balks, where they reach high levels of constancy. They are also found among inter-field 

afforestations, albeit less frequently. 

3. Inter-field balks and inter-field waterhole banks are clearly dominated by species 

from Centauretalia cyani among grain tillages, whereas species from Polygono-

Chenopodietalia predominate among corn fields. 

4. In the structure of live forms, annual terophytes dominate on inter-field balks, 

whereas inter-field waterhole banks and inter-field afforestations are dominated by 

hemicrytophytes. 

5. On balks and in afforestations, almost 100% of the species are synanthropic ones 

(mainly aprophytes and archaeophytes), and inter-field waterhole banks are dominated 

by native flora with a 10% share of non-synanthropic spontaneophytes. 

6. Further research on the conservation of species diversity in agricultural areas is 

extremely important as it allows for the selection of appropriate management tools for 

these areas in order to protect biodiversity as effectively as possible. 
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Figure A1. Balks 
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Figure A2. Slopes of inter-field waterholes 

  

 



Klarzyńska et al.: Segetal species in plant communities of environmental islands in an agricultural landscape in Greater Poland 

- 4240 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(3): 4223-4240. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1803_42234240 

© 2020, ALÖKI Kft., Budapest, Hungary 

Figure A3. Inter-field afforestations 

  

 


