
Introduction

Agricultural landscape covers the largest part of Poland

[1]. The industrialization of agriculture, which started dur-

ing the 1950s in Western Europe [2, 3] and during the 1990s

in Poland [4], caused a decrease of biodiversity and land-

scape dysfunction [5, 6]. The purpose of contemporary

European agricultural politics is to retain these changes by

promoting the non-productive function of rural areas [7].

In rural regions, watercourses and adjacent vegetation

are important because of their influence on water quality,

biodiversity, aesthetic values [8, 9] and function as ecolog-

ical corridors [10, 11]. Riparian vegetation is also the most

frequent semi-natural habitat in agricultural areas [12]. 

The results of analysis of riparian vegetation in agricul-

tural landscape reveal the importance of grasses (Poaceae

family) among other plants occurring alongside water-

courses [11]. The phytocenothic significance of grasses is

more important than could be expected  based on the num-

ber of species occurring in Poland – over 70% of them have

a diagnostic value for the classification and taxonomy of

plant communities in Poland [13]. In the typology of water-

courses, vegetation created for the purposes of modeling

the multi-agent socio-ecological systems of valleys of large

rivers (CAVES project), grass species had a strong discrim-

ination function.

In this paper, the quantitative participation of grasses

among riparian vegetation in the Odra Valley was analyzed.

The influence of dominant grass species on biodiversity

with respect to their connection with described phytosocio-

logical units, as well as status in Polish flora, was discussed.

Due to problems separating vegetation from drainage chan-

nels into recognized plant associations [14, 15], the land-

scape approach suitable analysis for this kind of vegetation

was applied [6, 16].
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Materials and Methods

Study Site

The research was performed in a geomorphological val-

ley of the Odra River between Brzeg Dolny and Głogów. A

detailed study was undertaken at three sites that differed in

respect of their drainage ditch management and land use

form (Fig. 1).

Site 1 (51°28' N, 16°27' E): surveyed area ≈ 3,000 ha,

total length of analyzed watercourses 77.8 km. Land use:

arable land 71%, forests 9%, built-up areas and wastelands

20%. Features: an area of intensively managed large farms.

The system of drainage ditches is quite well managed.

Site 2 (51°13' N, 16°25' E): surveyed area ≈ 1,600 ha,

total length of analyzed watercourses 39.5 km. Land use:

arable land 68%, forests 27%, built-up areas and waste-

lands 5%. Features: an area of small family farms run only

for an additional source of income. The system of drainage

ditches has been seriously neglected since the 1990s.

Site 3 (51°23' N, 16°41' E): surveyed area ≈ 500 ha,

total length of analyzed watercourses: 16.8 km. Land use:

arable land 54%, forests 43%, wetlands and water bodies

2%, other 1%. Features: an area of small family farms,

which are the main source of household income. A sub-

stantial area is protected as a nature reserve and was re-nat-

uralized (oxbow restoration, water outflow control) under

the management of non-governmental organisations.

The watercourses were predominantly artificial

drainage channels that created a land reclamation system.

The most common were ditches 0.5-1 m wide with banks

1-2 m wide. At the time of survey, water was held in 39%

of ditches with a usual depth around 20 cm.

Fieldwork

The watercourses were divided into homogenous sec-

tions with respect to vegetation, channel morphology and

water regime. The coverage of dominant plant species 

(> 5% coverage) in vegetation along the watercourse was

visually assessed. Additionally, the occurrence of

graminoides in aquatic vegetation was examined. The sec-

tions were mapped against a background of aerial pho-

tographs using a GPS set with ArcPad software. The adja-

cent land-use of each section was also recorded. All field-

work was completed between June and September 2007.

Data Analysis

The quantitative participation of each species was

counted by multiplying the length of the section by the per-

centage coverage of a given species. The frequency of sec-

tions with a presence of species and the median of non-zero

coverage was also calculated. 

Further analysis was performed using a typology of

watercourse vegetation. The typology was based on the

classification of riparian vegetation using the TWINSPAN

procedure (Fig. 2).

The differences between sites in terms of the percentage

of vegetation groups that emerged from cluster analysis

were checked with the χ2 test. The overall average percent-

age was used as the expected value. 

The status of species in Polish flora (apophytes,

antropophytes etc.) was defined according to Korniak and

Urbisz [17], phytosociological affinity was defined accord-

ing to Matuszkiewicz [18] and the invasiveness of species

according to Tokarska-Guzik [19].
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Fig. 1. The map of the study area with the three study sites

marked.
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Fig. 2. The typology of watercourse vegetation. The species with the highest discriminate value are shown.
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Results

The surveyed watercourses were separated into 536

sections. In the majority (69%) of aquatic vegetation con-

sisting of 49 species, among them four grass species, was

found. The dominant plant species – common reed

(Phragmites australis) – was present in 22.1% of the

lengths of sections with aquatic vegetation. There was

also a considerable presence of Glyceria maxima (12.7%).

The remaining grass species were Glyceria fluitans
(0.8%) and Phalaris arundinacea (0.1%). Among non-

grass species the greatest coverage was of Iris pseudoac-
corus (18.3%). 

On banks, 164 plant species were recorded, among

them 36 grass species (22%). However, they showed a pre-

dominantly large coverage value making its quantitative

participation 39% in total. Eleven grass species could dom-

inate vegetation (> 60% coverage) in some sections. They

dominated in 27% of sections and had a considerable par-

ticipation (30-59% coverage) in 37% of sections. Grasses

were absent in only 12% of sections. The quantitative par-

ticipation, frequency, coverage, number and percentage of

sections where the species was dominant, as well as the

constancy in vegetation types, are shown in Table 1. This

table also shows the most important dicotyledonous

species. The analysis of constancy value showed the impor-

tance of grasses in the applied typology of watercourse veg-

etation.

The percentage of grass species in different classes of

phytocenosis and their status in flora were shown in Fig. 3.

The species recognized as antropophytes belong to the

archeophytes group.

The study sites differed with respect to the participation

of vegetation types (Fig. 4). Site 3 (re-naturalised site) was

distinguished by a high participation of woody-dominated

vegetation with Alnus glutinosa (type 1) and an under-rep-

resentation of swards of Calamagrostis epigejos (types 8

and 9). Such vegetation was most frequent at site 2, where

the land reclamation system was neglected. In this site, the

participation of watercourses with Phalaris arundinacea
(type 5) was the lowest. The proportion of the plant com-

munity dominated by woody vegetation with Quercus
robur (type 2), Phragmites australis (type 3), Deschampsia
caespitosa and Cirsium arvense (type 6), and

Calamagrostis epigejos under sparse oaks (type 9) did not

differ significantly between sites.

Discussion 

The most abundant species among aquatic vegetation

and the second with respect to quantitative participation in

riparian vegetation was Phragmites australis. Common

reeds show a high dynamic of colonization, moving along

watercourses and creating dense, single-species stands that

are able to displace other rushes in suitable sites [20], and

permanently arrest succession [21]. Experiments in

England have revealed that it takes seven years from the

end of use for drainage channels to be completely over-

grown [22]. The sections dominated by Phragmites aus-
tralis form vegetation type number 3, which characterizes a

low average number of species. The common reed occurred

in similar proportions in all study sites.

Among aquatic vegetation, the participation of Glyceria
maxima is also considerable. This species occurs mainly in

river valleys, where it grew with rushes, especially in flood-

ed sites [1]. In these studies it was also most common in

places where ditches were wide and shallow. 

The most important species in riparian vegetation was

reed grass (Calamagrostis epigejos). This species, along

with Elymus repens and Arrhenatherum elatius, is able to
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Fig. 3. Percentage of grass species in different classes of com-

munities (a) and their status in flora (b).

Classes of communities: Mol-Arrh: Molinio-Arrhenatheretea,
Quer-Fag: Querco-Fagetea, Phragm: Phragmitetea, Stel med:
Stellarietea mediae, Fest-Brom: Festuco-Brometea, Nar-Cal:
Nardo-Callunetea, Koel-Cor: Koelerio glaucae-Corynephoretea,
Epi an: Epilobietea angustifolii, N: native species without

apophytic tendency. 

Fig. 4. The percentage share of outlined vegetation types at

each study site.
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Table 1. The quantitative participation (Quan.part.), frequency (Freq.), coverage, number and percentage of sections where a species

was dominant (Domin.) and a constancy in used vegetation types. The constancy categories were defined in five classes: V: 100–80%,

IV: 80–60%, III: 60–40%, II: 40–20%, I: 20–1%. 

Grasses
Quan. part. Freq. Coverage [%] Domin. Constancy

[km] [%] [N] [%] Med. Min Max [N] [%] Type 1 2 3 4 5 6 7 8 9

1 Calamagrostis epigejos 34.74 13 235 43.8 30 5 90 66 12 I I I I III II V V V

2 Phragmites australis 18.84 7.1 120 22.4 30 5 100 41 7.6 I I V I II I I I III

3 Phalaris arundinacea 16.65 6.2 139 25.9 20 5 70 7 1.3 II I I I IV II III I II

4 Dactylis glomerata 8.55 3.2 124 23.1 10 5 60 1 0.2 I II I II II II II I I

5 Bromus inermis 3.91 1.5 40 7.5 20 5 60 1 0.2 I I I I I I I I II

6 Elymus repens 3.69 1.4 57 10.6 10 5 50 0 0 I I I I II I I I II

7 Arrhenatherum elatius 3.48 1.3 51 9.5 10 5 40 0 0 I I I I II I I I I

8 Deschampsia cespitosa 3.31 1.2 48 9 15 5 70 5 0.9 I I I I I IV I I I

9 Dactylis aschersoniana 2.45 0.9 15 2.8 40 10 80 6 1.1 . I . . . . . . .

10 Poa nemoralis 2.08 0.8 23 4.3 10 5 50 0 0 I II . . . . . . .

11 Glyceria maxima 1.84 0.7 34 6.3 10 5 40 0 0 I I . I I II . I I

12 Calamagrostis arundinacea 1.09 0.4 6 1.1 35 10 90 2 0.4 I I . . . . . . .

13 Poa palustris 0.6 0.2 5 0.9 10 5 40 0 0 I I . . . . I . .

14 Deschampsia flexuosa 0.34 0.1 1 0.2 60 60 60 1 0.2 . I . . . . . . .

15 Festuca gigantea 0.28 0.1 4 0.7 15 5 30 0 0 I I . . . . . . .

16 Millium effusum 0.26 0.1 2 0.4 33 5 60 1 0.2 I I . . . . . . .

17 Molinia caerulea 0.25 0.1 3 0.6 10 10 30 0 0 . . . . . I . . .

18 Apera spica-venti 0.22 0.1 4 0.7 20 5 30 0 0 . . . . . . . I .

19 Alopecurus pratensis 0.21 0.1 6 1.1 8 5 20 0 0 . I . . I I I . .

20 Agrostis capillaris 0.21 0.1 7 1.3 10 5 30 0 0 . . I I . . I . .

21 Echinochloa crus-gali 0.16 0.1 2 0.4 8 5 10 0 0 . . . . I . . . .

22 Lolium perenne 0.13 0.1 2 0.4 15 10 20 0 0 I . . . I . . . .

23 Holcus lanatus 0.13 <0.05 4 0.7 10 5 30 0 0 I . I . . I I . .

24 Phleum pratense 0.11 <0.05 2 0.4 5 5 5 0 0 . . . . I . . . .

25 Setaria verticilata 0.11 <0.05 8 1.5 5 5 10 0 0 . . I I I I I I .

26 Elymus caninus 0.11 <0.05 3 0.6 10 10 10 0 0 I . . . . . . . .

27 Festuca ovina 0.1 <0.05 2 0.4 8 5 10 0 0 . . . . I . I . .

28 Poa pratensis 0.08 <0.05 1 0.2 60 60 60 1 0.2 . I . . . . . . .

29 Festuca pratensis 0.06 <0.05 1 0.2 5 5 5 0 0 . . . . . . . I .

30 Brachypodium pinnatum 0.06 <0.05 1 0.2 10 10 10 0 0 . I . . . . . . .

31 Glyceria fluitans 0.05 <0.05 3 0.6 10 10 10 0 0 I I . . . . . I .

32 Setaria viridis 0.02 <0.05 1 0.2 10 10 10 0 0 . . . . I . . . .

33 Festuca arundinacea 0.02 <0.05 1 0.2 20 20 20 0 0 . I . . . . . . .

34 Brachypodium sylvaticum 0.01 <0.05 1 0.2 5 5 5 0 0 . I . . . . . . .

35 Festuca rubra 0.01 <0.05 2 0.4 5 5 5 0 0 . I . I . . . . .

36 Agrostis stolonifera 0.01 <0.05 2 0.4 5 5 5 0 0 . I . I . . . . .



spontaneously colonize human-disturbed habitats and per-

sist there because of its strong ability to adapt [23, 24]. Also

observed was its high ability to aggressively expand into

abandoned fields, following Festuca rubra, F. ovina,
Agrostis capillaris and Poa pratensis [25]. It is also the

dominant species in sward on the embankments of the Odra

River [26, 27]. Reed grass was the most distinctive species

for the group of vegetation types dominated by grasses. It

occurred in dense, single-species swards with small biodi-

versity, especially adjacent to fallow fields (type 8), grew in

human-disturbed habitats with Tanacetum vulgare (type 9)

and formed specific assemblages with old oaks (Quercus
robur) on banks (type 7). In this study, pure swards of reed

grass (type 8) were the most frequent in site 2, where the

land reclamation system was neglected. Types 7 and 9

occurred most often in site 1, where the agriculture was

well developed and the land reclamation system was main-

tained. The abundance of type 7 was a result of specific

management of ditches that allowed the growth of old large

oaks on banks.  

Another important grass species, Phalaris arundinacea,
usually occupies the margins of small, often nutrient-

enriched rivers or grows in wet grasslands in organic soils

in large valleys [1]. Regular mowing of channels creates

favourable conditions to its expansion [22]. In this study,

Phalaris arundinacea was an indicator of mowed sections

with high biodiversity, often adjacent to arable land. Thus,

its frequency was the lowest in site 2. In this type of vege-

tation, Phalaris arundinacea grew in assemblages with

Calamagrostis epigejos, Dactylis glomerata, Elymus
repens and, less frequently, Arrhenatherum elatius and

Phragmites australis, as well as Urtica dioica (type 5). 

Deschampsia caespitosa is an indicator of overutilized

meadows and pastures [1]. Deschampsia caespitosa togeth-

er with Cirsium arvense grew in wide, wet strips along

watercourses and predominantly occurred next to fallow

fields in this study. The type 6 of vegetation, which gath-

ered around the species mentioned above, was frequent in

site 3. We connected it with changing water levels caused

by re-naturalization.

Among the most frequent grasses was Dactylis glomer-
ata, but its affinity with other vegetation types was unclear.

It was among a small number of herbaceous species occur-

ring in dense shrubs of Prunus spinosa (type 4).

Species such as Dactylis aschersoniana,
Calamagrostis arundinacea, Poa nemoralis, Festuca
gigantea, Festuca arundinacea, Elymus caninus, Millium
effusum, Deschampsia flexuosa and Brachypodium pinna-
tum were connected to sections with wooded vegetation

(types 1 and 2).

Generally, the most common group of grasses (43%)

was those associated with mown meadows and pastures

(Molinio-Arrhenatheretea class). It was a result of the most

common method of maintaining a land reclamation system

– mowing ditches and banks – which created a disturbance

regime similar to meadows or pastures. The second largest

group (23%) was grasses of broad-leaved forests (Querco-
Fagetea class) and forest margins (Epilobietea angustifolii
class: 3.3%). This was related to both the long-term neglect

of the land reclamation system in some areas, which over

time overgrew wooded vegetation, as well as the relatively

high forestation of studied areas. In third place with respect

to the number of species (16.7% of grasses) were rushes

(Phragmitetea class). In this group, the major species, both

in frequency and coverage, were Phragmites australis and

Phalaris arundinacea, with the share of other species

(Glyceria maxima, Poa palustris and Glyceria fluitans)
negligible. This is related to the high variability of water

level in the summer period (61% of ditches were dry).

Many rush species are intolerant to drought, whereas

Phragmites australis and Phalaris arundinacea are able to

withstand these dry conditions [1, 23]. These two species

are probably able to reciprocally replace depending on

mowing intensity. The number of weeds (Stelarietea medi-
ae class) was low (9.1%) despite the high share of arable

land. They were recorded only in single sections typical of

antropophytes: Apera spica-venti, Echinochloa crus-gali
and Setaria viridis. The plant assemblages of farmlands

simultaneously reflect the environmental conditions (e.g.

soil properties) and farming methods [18]. Thus, the mow-

ing of banks and ditches, as well as the considerable growth

of expansive species, diminishes the presence of weeds.

Only single species of grasses were affined to ther-

mophilous, steppe grassland (Bromus inermis,
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Table 1. Continued.

Major

dicotyledonous

Quan. part. Freq. Coverage [%] Domin. Constancy

[km] [%] [N] [%] Med. Min Max [N] [%] Type 1 2 3 4 5 6 7 8 9

1 Urtica dioica 25.36 9.5 241 46 20 5 90 36 6.7 V II III II III II II II II

2 Quercus robur 22.90 8.6 184 35 20 5 80 33 6.2 II V II II II I III . III

3 Prunus spinosa 23.00 8.6 131 25 30 5 100 51 9.5 I II II V I I III I II

4 Rubus sp. 8.85 3.3 115 22 10 5 70 4 0.7 II III I I II I II I I

5 Alnus glutinosa 19.66 7.4 113 22 30 5 90 28 5.2 III II I I I I II . .

6 Cirsium arvense 4.75 1.8 73 14 10 5 40 0 0 I I I I II III I II I

7 Tanacetum vulgare 4.05 1.5 73 14 10 5 40 0 0 . I I I II I I I IV



Brachypodium pinnatum – Festuco-Brometea class), psam-

mophilous grassland (Festuca ovina – Koelerio glaucae-
Corynephretea canescentis class) as well as acidophilous

heath and grassland (Agrostis capillaris from Nardo-
Callunetea class).

The ratio of native grass to non-native in this study is

opposite that generally reported in Poland, where 28% of

grass species are apophytes and 72% are antrpophytes [17].

This study found that antropophytic grasses were archeo-

phytes belonging to farmland weeds (Stellarietea mediae
class). There was also a noticeable presence of species

without tendencies to occur in anthropogenic habitats, and

a lack of grass species invasive in Poland. 

The grasses growing in ditches form specific associa-

tions based on spontaneophytes, but these assemblages

(excluding sections with abundant woody vegetation,

which develop into forest communities) are secondary and

anthropogenic. It is similar to communities of mowing

meadows [13]. However, in the case of ditches in land

reclamation systems, periodic disturbances such as drag-

ging and mowing cause continuous repetition of earlier

seral stages [14] and lead to the formation of an erratic and

transient mixture of species with consequent difficulty in

allotting the assemblages to recognizable communities

[15].

Conclusions

1. The results emphasise the quantitative dominance of

grass species (Poaceae family) in vegetation of ditches

in an agricultural landscape. 

2. The vegetation of ditches in land reclamation systems

consist of native species that create semi-natural assem-

blages important for maintaining biodiversity. 

3. The most abundant and frequent species, Calamagrostis
epigejos and Phragmites australis, are expansive, with

a tendency to form single-species stands with low bio-

diversity if management of the land reclamation system

is ceased.

Acknowledgements

The study was partially funded by CAVES 6PR NO.

012816 (NEST) and 194/6PRUE/2006/7.

References

1. KOZŁOWSKI S. Grasses in Polish landscape. [in:] Frey L.

(red.) Book of polish grasses. PAN, Kraków, pp. 388-411,

2007 [In Polish].

2. LE COEUR, D., BAUDRY, J., BUREL, F., THENAIL, C.

Why and how we should study field boundary biodiversity

in an agrarian landscape context. Agric. Ecosyst. Environ.

89, 23, 2002.

3. HIETALA-KOIVU R., JÄRVENPÄÄ T., HELENIUS J.

Value of semi-natural areas as biodiversity indicators in agri-

cultural landscapes. Agriculture, Ecosystems and

Environment. 101, 9, 2004.

4. KUTKOWSKA B., TAŃSKA-HUS B., SZYBIGA K.,

ŁABĘDZKI H. Socio-economical changes in agriculture of

Lower Silesia. Actually problems of agriculture, food man-

agement and environmental protection. AR, Wroclaw, pp.

409-428, 2006 [In Polish].

5. KOSTROWICKI A.S., PLIT J., SOLON J. Changes of geo-

graphical environment. Geographical works. IGiPZ PAN,

pp. 147, 1988 [In Polish].

6. BAUDRY J., BUREL F., THENAIL C., LE CŒUR D. 

A holistic landscape ecological study of the interactions

between farming activities and ecological patterns in

Brittany, France. Landscape and Urban Planning. 50, 119,

2000.

7. BILLETER R., LIIRA J., BAILEY D., BUGTER R.,

ARENS P., AUGENSTEIN I., AVIRON S., BAUDRY J.,

BUKACEK R., BUREL F., CERNY M., DE BLUST G.,

DE COCK R., DIEKÖTTER T., DIETZ H., DIRKSEN J.,

DORMANN C., DURKA W., FRENZEL M., HAMER-

SKY R., HENDRICKX F., HERZOG F., KLOTZ S.,

KOOLSTRA B., LAUSCH A., LE COEUR D.,

MAELFAIT J.P., OPDAM P., ROUBALOVA M., SCHER-

MANN A., SCHERMANN N., SCHMIDT T.,

SCHWEIGER O., SMULDERS M.J.M., SPEELMANS

M., SIMOVA P., VERBOOM J., VAN WINGERDEN

W.K.R.E., ZOBEL M. Indicators for biodiversity in agri-

cultural landscapes: a pan-European study. Journal of

Applied Ecology. 45, 141, 2008.

8. BAUDRY J., THENAIL C. Interaction between farming

systems, riparian zones and landscape patterns: a case study

in western France. Landscape and Urban Planning. 67, 121,

2004.

9. DÉCAMPS H., PINAY G., NAIMAN R.J., PETTS G.E.,

MCCLAIN M.E., HILBRICHT-ILKOWSKA A., HAN-

LEY T.A., HOLMES R.M., QUIN J., GIBERT J., PLANTY

TABACCHI A-M., SCHIEMER F., TABACCHI E.,

ZALEWSKI M. Riparian zones: where biogeochemistry

meets biodiversity in management practice. Polish Journal

of Ecology. 52, (1), 3, 2004.

10. BLOMQVIST M.M., VOS P., KLINKHAMER P.G.L. TER

KEURS W.J. Declining plant species richness of grassland

ditch banks – a problem of colonisation or extinction?.

Biological Conservation. 109, (3), 391, 2003.

11. JOBIN B., BÉLANGER L., BOUTIN C., MAISON-

NEUVE C. Conservation value of agriculture riparian

strips in the Boyer River watershed, Québec (Canada).

Agriculture, Ecosystems and Environment. 103, 413,

2004.

12. MANHOUD A.G.E., DE SNOO, G.R. A quantitative survey

of semi-natural habitats on Dutch arable farms. Agriculture,

Ecosystems and Environment. 97, 235, 2003.

13. BALCERKIEWICZ S. Grasses of plant associations in

Poland. [in:] Frey L. (red.) Book of polish grasses. PAN;

Krakow, pp. 229-248, 2007 [In Polish].

14. NEWBOLD C., HONNOR J., BUCKLEY K. Nature con-

servation and the management of drainage channels.

Peterborough. Nature Conservancy Council. pp. 1-346,

1989.

15. MOUNTFORD J.O. The vegetation of artificial drainage

channels within grazing marshes in the UK: How does its

composition correspond with described communities?

Biology and Environment: Proceedings of the Royal Irish

Academy. 106 B (3), 277, 2006.

16. MARSHALL E.J.P. Introducing field margin ecology in

Europe (editorial). Ecosystems and Environment. 89, 1,

2002.

1222 Szymura M., et al.



17. KORNIAK T., URBISZ A. Synantropical grasses. [in:] Frey

L. (red.) Book of polish grasses. PAN, Kraków, pp. 317-342,

2007 [In Polish].

18. MATUSZKIEWICZ W. Guidebook to indicate of plant

associations in Poland. PWN Warszawa, pp. 1-536, 2006 [In

Polish].

19. TOKARSKA-GUZIK B. Invasive grasses. [in:] Frey L.

(red.) Book of polish grasses. PAN, Kraków. pp. 361-388,

2007 [In Polish].

20. PRÓCHNICKI P. The expansion of common reed

(Phragmites australis (Cav.) Trin. Ex Steud.) in the anasto-

mosing river valley after cessation of agriculture use (Narew

river valley, NE Poland). Polish Journal of Ecology. 53, (3),

353, 2005.

21. PODBIELKOWSKI Z., TOMASZEWICZ H. An outline of

hydrobiology. PWN Warszawa, pp. 372, 1996 [In Polish].

22. MILSOM T.P., SHERWOOD A.J., ROSE S.C., TOWN S.J.,

RUNHAM S.R. Dynamics and management of plant commu-

nities in ditches bordering arable fenland in eastern England.

Agriculture, Ecosystems and Environment. 103, 85, 2004.

23. FREY L. Grasses  invincible (selected aspects from history,

taxonomy and biology of (Poaceae). Grassland in Poland. 3,

9, 2000 [In Polish].

24. PRACH K., PYŠEK P. Using spontaneous succession for

restoration of human disturbed habitats: Experience from

Central Europe. Ecological Engineering. 17, 55, 2001.

25. TRĄBA CZ., WOLAŃSKI P., OKLEJEWICZ K. The par-

ticipations of grasses in plant associations developed on

post-arable lands of Kolbuszowski plateau. Grassland in

Poland 8, 185, 2005 [In Polish].

26. PILECKI K., SZYSZKOWSKI P., WOLSKI K., REDA P.

Changes of swards and a geotechnical characteristic of flood

banks of Odra river in Gołuchów area. Folia Universitatis

Agriculturae Stetinensis 197, (Agricultura 75), 247, 1999 [In

Polish].

27. PIOTROWSKI M., WOLSKI K., REDA P., PYRCZ G.

The analysis of soil structure of flood banks of Odra river

in the basis of resistant vegetation. Folia Universitatis

Agriculturae Stetinensis 197, (Agricultura 75), 251, 1999

[In Polish].

Grasses (Poaceae) in Riparian Vegetation... 1223




