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aBstract. The aim of this study was to determine floristic diversity, the chemical composition, nature value 
and energy value of selected sedge communities in view of habitat conditions in the Noteć valley. This study 
was based on a total of 46 relevés prepared according to Braun-Blanquet. 
The identified communities were represented by common plant associations, both natural or semi-natural. 
They comprised mainly vegetation of meadows excluded from agricultural use, on fresh and partly moist 
and very moist soils, of weak acid and neutral reaction. Analysed communities had moderate or high nature 
value. Sedges and Cyperaceae predominated in their structure, with the greatest share of Caricetum lasiocar-
pae (76%) and the lowest share of Caricetum distichae (44.6%). No Fabaceae were reported in any of the two 
plant associations, while herds were found in all associations. The greatest higher heating value and lower 
heating value were found for communities with Carex lasiocarpa and Carex disticha. 
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INTRODUCTION 

Sedges (Carex L., Cyperaceae) are a group of plants 
found very commonly worldwide. This genus com-
prises approx. 2000 species covering various habitats 
and found in diverse plant communities, representing 
differing levels of substrate moisture contents, at the 
same time exhibiting considerable tolerance to vari-
ation in habitat conditions (eGorova 1999). Due to 
the broad habitat spectrum many sedge species con-
stitute a significant component of certain plant com-
munities, occurring in them with high stability and 
frequency and occasionally forming their own com-
munities, in many cases in the form of single-species 
phytocenoses covering large areas or with a slight 

admixture of representatives of other plant species. 
Next to grasses, sedges are plants highly frequently 
found in many meadow and pasture communities in 
inundation zones and in local depressions, in over-
growing small water bodies, among moist meadows. 
Also in utilised agricultural areas sedges are found 
both as single specimens and forming dense swards, 
and they are dominants throughout the area subject-
ed to such land use (denisiuk 1968, 1980). Frequent-
ly in river valleys numerous communities with the 
dominance of species from the genus Carex, which 
are characterised by exceptional viability and very 
high stability, they are very well developed and most 
frequently a moderate floristic richness. At the same 
time they frequently serve productive functions, oc-
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casionally being of great value from the economic 
point of view. 

Communities with a share of sedges also exhibit 
many valuable non-productive functions in the nat-
ural environment (Grzelak et al. 2011). They are 
living and breeding spaces for many animal species, 
particularly avifauna (kruPa 2000, czyż et al. 2011), 
and have aesthetic and landscape value (trzaskoś et 
al. 2005). Identification of their natural and utility 
value is crucial for the assessment of the natural en-
vironment and as such contributes to the necessary 
spatial planning and protection of species richness 
of these biocenoses (Grzelak et al. 2014). Attractive-
ness of many such areas, including that analysed in 
this study, is connected first of all with their high de-
gree of naturality and a well maintained marsh eco-
system with a mosaic pattern of flooded areas and 
marsh habitats (Jonsson & MalMqvist 2000, riis & 
BiGGs 2003).

Sedge communities are also sources of biomass, 
a potentially valuable raw material for the produc-
tion of pellets and briquettes, used as energy mate-
rial (roGalski et al. 2008, Grzelak et al. 2010, 2014). 
niedziółka & zuchniarz (2006) and  waliszewska 
et al. (2013) stated that some sedge species meet 
certain requirements imposed on energy materials, 
while harkot et al. (2007) was of an opinion that 
under climatic conditions of Central Europe one of 
the most advantageous measures will be connected 
with the energy use of biomass from grass and sedge 
straw. The share of representatives from the genus 
Carex is also of particular importance in reservoirs of 
organic sediments formed among other things from 
aboveground and underground shoots of sedges. It 
needs to be mentioned here that in recent years not 
only specific plant species are treated as a valuable 
renewable energy source, but such an approach is 
also applied to habitats related with these species, 
treated as biomass, including peat deposits (kovaco-
va & schreiBer 2003, kuklova et al. 2005, czyż et al. 
2011, virtanen & valPola 2011).

A considerable role in the case of collection of 
the energy material is played by plant height. This 
is crucial in the case of representatives of tall spe-
cies, forming dense swards and characterised by a 
high increment in biomass during the vegetation 
season. Such properties are exhibited e.g. by C. ri-
paria, C. paniculata and C. appropinquata forming more 
or less dense swards of tall sedge rushes from the 
class Phragmitetea. An additional advantage is also 
connected with their occurrence in the wild and po-
tential for self-regeneration of phytocenoses, with no 
need for sod seeding. Many sedge species forming 
their plant communities are runner species of rapid 
growth, frequently remaining in the vegetative phase 
throughout the entire vegetative season, such as e.g. 
C. acuta or species, which representatives form large 
clusters with a considerable leaf mass, e.g. C. pani

culata. Another important characteristic of potential 
energy crops is their great lower heating value, limit-
ed soil requirements and high resistance to diseases 
and pests. Earlier studies conducted in this respect 
also confirmed the value of sedges as alternative, re-
newable energy sources (waliszewska et al. 2013).

In Poland, as well as other EU countries, a strate-
gy has been adopted to create a more innovative and 
low-emission economy, combining sustainable agri-
culture, food safety and sustainable use of renewable 
resources for industrial purposes, at a simultaneous 
protection of biological and environmental diversity 
(strateGia… 2001, ustawa… 2003). In the climate 
agreement of UN nations, concluded in Paris on 12 
December 2015, which is to enter into force since 
2020, an increasing importance is placed on the gen-
eration of energy from renewable sources. This is 
necessary to no longer rely on the limited resources 
of fossil fuels. 

The aim of this study is to determine floristic di-
versity, habitat conditions, nature and energy value 
of selected sedge communities in view of diverse 
habitat conditions in the Noteć valley

MATERIAL AND METHODS

Analyses were conducted in seven plant commu-
nities of sedge rushes and communities with the 
dominance of sedges, found in diverse habitats in 
the Noteć valley and belonging to three phytoso-
ciological classes: Phragmitetea R.Tx. et Prsg 1942 
(low sedge lowmoor and transition peatbogs) – four 
communities of ScheuchzerioCaricetea nigrae (Nordh. 
1937) R.Tx. 1937 (rushes) – two communities, and 
Festuco-Brometea Br.-Bl. et R.Tx. 1943 (xerothermic 
swards) – one community. 

Materials for analyses were collected in the years 
2009-2013, in the course of geobotanical surveys 
conducted in the Wielkopolska region. The basis 
for the characteristics of floristic diversity in the 
investigated communities comprised 46 relevés, 
which were performed according to Braun-Blanquet 
(Braun-Blanquet 1964). Using the floristic data 
collected in field analyses syntaxa were identified, 
which were classified to the phytosociological sys-
tem in accordance with the study by Matuszkiewicz 
(2013). Nomenclature of communities was based on 
Matuszkiewicz (2013).

The study on floristic diversity comprised analy-
ses of the species composition, i.e. botanical struc-
ture (in %), the total number of species found in the 
community and the calculation of the Shannon-Wie-
ner diversity index: H’ = –∑ (pi × log pi ) (kreBs 
2001).

The current condition of habitat conditions was 
assessed based on the values of indicator factors ac-
cording to Ellenberg (ellenBerG et al. 1992): F – mois-
ture content, R – reaction, and N – nitrogen content 
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in the soil. Communities were subjected to natural 
valuation, in which nature value was assessed in a 
10-point scale: the mean valuation factor, nature val-
ue and the valuation class according to oświt (2000). 

To perform the analyses in order to determine 
higher heating value whole aboveground parts of 
plants – leaves and stems, which were ground after 
drying and analysed. Results reported in the study 
are means from three measurements and they were 
calculated in relation to dry mass of the raw materi-
al. Analyses of the chemical composition of the raw 
material were conducted according to the standard 
PN-92/P-50092 for plant material and the following 
parameters were determined: moisture content us-
ing the gravimetric method, and contents of minerals 
determined to the standards DIN 51731. 

Analyses of higher heating value were performed 
according to the standard PN-81/G-04513 in a ZKL-
4 calorimeter, dedicated to measurements of higher 
heating value (Qa

s) of solid fuels. 

RESULTS 

Within the seven surveyed plant communities a total 
of 109 vascular plant species were reported. Within 
the class Phragmitetea the largest number of species 
was recorded in the association Caricetum paniculatae 
(38), while it was lowest in C. appropinquatae (15). In 
ScheutzerioCaricetum nigrae a greater number of spe-
cies was found in C. flavae (36), while it was markedly 
lower (24) in C. lasiocarpae. Investigated communities 
from the class Festuco-Brometea were characterised by 
intermediate values of the number of species (27). 
Thus the two vegetation phytocenoses richest in spe-
cies were C. paniculatae and C. flavae.

Generally it may be stated that in the investigated 
phytocenoses sedges and Cyperaceae predominat-
ed, found in all the analysed communities. In turn, 
their share was largest in C. lasiocarpae amounting to 
76.8% and in C. ripariae (67.2%), whereas it was low-
est in C. distichae at 44.6%. Grasses as well as herbs 

and weeds are also groups of plants found in all the 
associations, while the greatest percentage share of 
grasses was recorded in C. distichae (33.1%) and the 
community with Carex praecox (31.2%), while it was 
markedly lowest in C. ripariae (4.8%). The share of 
herbs and weeds in the investigated phytocenoses is 
the lowest in C. lasiocarpae (13.5%), with the others 
it was more or less similar. In two investigated asso-
ciations no legumes were reported, which percentage 
share was lowest among all the investigated groups 
of plants (Table 1).

The calculated value of moisture content factor 
(F) for six investigated communities was charac-
terised by the relatively limited diversification and 
ranged from 7.1 to 8.2 (Table 2). This shows that 
they are localities ranging from moist to wet, while 
the largest moisture content factor for the subsoil 
was found for C. ripariae (8.2). In the case of com-
munities with Carex praceox the lowest values of the 
factor were recorded (6.2); however, they were also 
classified as moist, with a tendency towards fresh. 

The range of the scale of reaction (R) – the degree 
of soil acidification in the analysed phytocenoses was 
relatively comparable for five analysed communities 
and it ranged from 4.9 (C. distichae) to 5.8 (C. flavae). 
Only in the case of C. appropinquatae and communi-
ties from Carex praecox it deviated slightly from these 
values (6.8 and 6.9, respectively). However, all the 
calculated indexes classify the investigated commu-
nities from moderately acid and weak acid to neutral 
(Table 2). 

Most analysed soils were moderately abundant in 
nitrogen (4.2 to 5.5), only in C. appropinquatae and in 
communities with Carex praecox it was large (5.9 and 
6.8) (Table 2).

Analysed communities varied in terms of their 
nature value (Table  3). The mean valuation factor 
ranged from 2.4 in the community C. flavae to 3.9 
in  C. lasiocarpae, which generally classified the in-
vestigated communities in valuation classes from V 
to VIII. Based on the valuation according to oświt 

Table 1. Floristic diversity in analysed communities (kreBs 2001)

Community Total number of species
Share in vegetation cover (%)

sedges and Cyperaceae legumes grasses herbs and weeds

ChCl. Phragmitetea – communities of tall and low sedge rushes

Caricetum appropinquatae 15 45.5 5.2 22.4 26.9
Caricetum distichae 28 44.6 2.4 33.1 19.9
Caricetum paniculatae 38 47.9 3.5 18.9 32.7
Caricetum ripariae 28 67.2 – 4.8 28.0

ChCl. ScheuchzerioCaricetea nigrae – low sedge communities

Caricetum flavae 36 54.4 2.9 13.8 28.9
Caricetum lasiocarpae 24 76.8 0.8 8.9 13.5

ChCl. Festuco-Brometea – communities of xerothermic swards

Carex praecox community 27 45.2 – 31.2 23.6
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(2000), it may be stated that they are communities 
with medium, moderate and high nature value, while 
only one, i.e. C. lasiocarpae had very high nature value 
of valuation class VIII. 

Some of the communities form relatively monot-
onous aggregations of one species, of low structural 
diversity, with hydrophilous and hydrophilic vegeta-
tion. Vegetation in these communities is frequently 
naturally developed from various classes (trzaskoś et 
al. 2005). Due to the natural or semi-natural charac-
ter of habitats, these communities are typically char-
acterised by richness of flora, although some phyto-
cenoses are poor in species and vary in their facies 
(kruPa 2000, Grzelak et al. 2014). Swards in some 
communities, with the decreasing anthropopressure 
are characterised by greater nature value. They may 
be sources of herb plants and having a unique micro-
climate and natural landscape value they have recre-
ation and tourist potential.

Plant material of potential value for energy gener-
ation purposes has to meet certain criteria. The most 
important thermal and physical parameters of bio-
mass include heat of combustion and calorific value. 
These parameters depend first of all on the chemical 
composition and moisture content of the material. 
Results of these studies indicate high and satisfacto-
ry heat of combustion value indexes from the point 
of view of energy generation purposes in the case 
of material coming from five communities (from 
19 000 to 19 876 J/g) and it was slightly lower for C. 
ripariae and communities from Carex praecox (17 790 
and 17 980 J/g, respectively). There are comparable 
to the results reported by waliszewska et al. (2013) 
for selected sedge species. It needs to be stressed 
that in the case of sedges the lowest index of heat of 
combustion was found for C. ripariae. In the case of 
calorific value also C. ripariae and communities with 
Carex praecox had the lowest values amounting to 16 

Table 2. Valuation of habitat conditions according to Ellenberg (ellenBerG et al. 1992)

Community
Mean values of Ellenberg indexes

value f F soil moisture 
content value of R soil reaction value of N nitrogen content  

in soil

ChCl. Phragmitetea

Caricetum appropinquatae 7.7 moist to wet 6.8 weak acid to neutral 5.9 abundant
Caricetum distichae 7.6 moist to wet 4.9 moderately acid 5.5 moderate

Caricetum paniculatae 7.1 moist 5.1 moderately acid 4.2 moderate 

Caricetum ripariae 8.2 wet 5.3 moderately acid 5.3 moderate

ChCl. ScheuchzerioCaricetea nigrae

Caricetum flavae 7.9 wet 5.8 moderately acid to 
weak acid 5.5 moderate

Caricetum lasiocarpae 7.8 moist to wet 5.3 moderately acid 4.8 moderate

ChCl. Festuco-Brometea

Carex praecox community 6.2 moist to fresh 6.9 weak acid to neutral 6.8 abundant

Legend: F – moisture content index, R – soil reaction index, N – soil nitrogen content.

Table 3. Nature value in reported plant communities according to oświt (2000)

Community
Nature value (Lwp)

mean valuation number valuation class nature value *H’

ChCl. Phragmitetea

Caricetum appropinquatae 3.6 VII high 2.1

Caricetum distichae 3.0 V average moderate 1.8

Caricetum paniculatae 3.4 VI moderately high 1.5

Caricetum ripariae 3.6 VII high 1.9

ChCl. ScheuchzerioCaricetea nigrae

Caricetum flavae 2.4 IV moderate 1.6

Caricetum lasiocarpae 3.9 VIII very high –

ChCl. Festuco-Brometea

Carex praecox community 2.8 V average moderate 1.9

*H’ – floristic diversity index according to Shannon-Wiener.
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040 and 16 079 kJ/kg. The recorded values are com-
parable to those from a study by harkot et al. (2007) 
and much higher than values recorded by roGalski 
et al. (2005). Other significant parameters includ-
ed moisture content of combusted material and the 
amount of ash produced in the combustion process, 
which were also comparable to the results presented 
by waliszewska et al. (2013).

CONCLUSIONS 

1. In selected sedge communities sedges and 
Cypera ceae predominate, which share was great-
est in Caricetum lasiocarpae amounting to 76.8%, 
while it was lowest in C. distichae at 44.6%. In 
two associations no legumes were reported, 
while herbs and weeds were the groups of plants 
found in all analysed associations.

2. Sedge communities found in the Noteć valley 
form valuable ecosystems of medium, moderate 
and high, and in the case of C. lasiocarpae very 
high nature and landscape value.

3. Investigated sedge communities were found on 
fresh, moist to wet soils, with a reaction from 
moderately acid and weak acid to neutral, where 
abundance in nitrogen was moderate and high.

4. The greatest value of heat of combustion and cal-
orific value were recorded for the material coming 
from C. lasiocarpae and C. distichae. The observed 
values cause the material can be considered good 
energy raw material.
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