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NATURE AND FODDER VALUE, YIELDING AND CALORIFIC VAL UE OF RUSHES OF
GREAT MANNA GRASS GLYCERIETUM MAXIMAE HUECK 1831 FROM EXTENSIVELY
MANAGED MEADOWS

Summary

Studies concerning nature and fodder value, yigldind calorific value of the community Glycerietamaximae Hueck
1831 from extensively managed meadows were comtlircthie years 2012-2015 in the Néotalley varying in moisture
content and trophic conditions. The analyses weseleron a total of 28 relevés of the associatioeppred according to
the Braun-Blanquet method [1]. Recorded data inellithe taxonomic affiliation, botanical compositioiithe association,
percentage shares of individual species in the conity1as well as the current habitat conditions &&®n Ellenberg's in-
dicator values [3]: F, R and N, while moisture cent conditions were determined according o [20]. Mean values of
ElVs and Gwit's indexes showed a significant effect of meéstontent, soil reaction and nitrogen content mphic con-
ditions, species composition of flora, yield andreamic value as well as species diversity. Thedieators indicate their
applicability in the evaluation of directions inghransformation of rush flora. In their typicalrfo the rushes are strongly
dominated by one species Glyceria maxima, (S= WRrr6485.0). This community due to strong inunalatiate cutting,
lack of fertilisation or cultivation has poor swardFVS=2.2) of low fodder value and moderate natakie. However,
thanks to huge yielding potential and relativelgthfibre content it is one of the most promisingrgg crops, which is con-
firmed by the calculated lower heating value ofl1MJ-kg' DM and higher heating value of 18.1 MJ'&gn.

Key words biomass chemical compositigrhigher heating valueenergy valugproduction of energy and heat, energy
source

WALORY PRZYRODNICZO-U ZYTKOWE, PLONOWANIE | WARTO SC ENERGETYCZ-
NA SZUWARU MANNOWEGO GLYCERIETUM MAXIMAE HUECK 1831
Z £ AK UZYTKOWANYCH EKSTENSYWNIE

Streszczenie

Badania dotyczce walorow przyrodniczychzytkowych, plonowania i warfoi energetycznej zbiorowiska Glycerietum ma-
ximae Hueck 1831 zl ekstensywniezytkowanych przeprowadzono w latach 2012-2015 wnaoNoteci o zrénicowa-
nych warunkach wilgotrgiowych i troficznych. W badaniach wykorzystanepnalizowano 28 zglj fitosocjologicznych
wykonanych metedBrauna-Blanqueta [1]. Okrdono systematyk sktad botaniczny zespotu, procentowy udziat gadun

w zbiorowisku oraz aktualny stan warunkéw siedligkch na podstawie waroi liczb wskéanikowych Ellenberga [3]: F, R

i N, a take identyfikagi warunkéw wilgotnéciowych metog Oswita [20]. Srednie wartdéci wskanikéw Ellenberga

i Oswita, wykazaly istotny wptyw wilgotim, odczynu gleby i zawarioi azotu w glebie na warunki troficzne, sklad gatun
kowy flory, plon i warté¢ gospodarcz oraz r@&norodndg¢ gatunkow. Wskaniki te wskazuj na mdaliwosci ich zastosowa-
nia w ocenie kierunkowoi przemian flory szuwaru. W typowej formie szua@ominowany jest przez jeden gatunek Gly-
ceria maxima, (S= IV i D =6485,0). Zbiorowisko zeglgdu na silne podtopienia, pe koszenie, brak navenia i piek-
gnacji ma ru ubogy (Lwu = 2,2) o matej wartéci wzytkowej i umiarkowanych walorach przyrodniczych.wZgkdu jed-
nak na ogromny potencjat plonotwdrczy oraz stoswmkerysok zawartg¢ widkna, naléy do najbardziej perspektywicz-
nych railin energetycznych. Potwierdza to wyliczono wétenergetyczna w MJ-Rgs.m., ktéra wynosi 17,1 i ciepto spala-
nia — 18,1 MJ-kds.m.

Stowa kluczowebiomasa, sktad chemiczny, ciepto spalania, w&rnergetyczna, produkcja energii i cieptegdta ener-

gii

1. Introduction ditches and in slow flowing watercourses withineriwal-
leys [8]. In thetypical form these rushes are dominated by

Phytocenoses with great manna gra&yderietum one showy, 1.5m tall speciesGlyceria maximaaccount-

maximae Hueck 1831) are some of the most commoring for as much as over 90% mass of the entired yadl

Phragmition rushes found at variable water levélsesults  dense swards. Other plant species forming this aaomitgn

from field observations thaBlycerietum maximaés fre- include plants representing mainly the classesenfinetea,

qguently formed in shallow oxbow lakes, along drgma Potametea, Phragmitetea, Bidentetea tetratit Alnetea
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glutinosae[14, 21] Great manna grass is relatively fre-

quently found in the Noteand Warta river valleys [2, 21]
in phytocenoses of 20-500*moccasionally up to 10004
in locations when the ground is silty due to dryafgyclic
river inundation deposits. It is also found at gsoof water
bodies or banks of watercourses with very slow wibev.
As a rule it is found in wide, swampy river vallegs or-
ganic character [8]. It grows on fertile soils, nhpsre-
quently with peaty substrates, covered with watar d
greater part of the year (up to 30-40 cm land sea)fawhile
in the summer water may retreat even below growrd s
face. The soils have typical properties, chareastieriof
soils of Poland with similar genesis [14]. They @avgh
organic matter contents, advantageous soil reaatinsat-
isfactory nitrogen content. Their water permeapititay be
considered optimal and retention potential as géddus-
tainable management natural processes of evolutidag-
radation may progress at a natural rate. They itotesvery
good substrate for the development of valuabletptam-
munities. Phytocenoses with great manna grassensi-s
tive to fluctuations in the water levels and retreen the
water table is considerably lowered [2, 6, 13].

Rushes of great manna graGdycerietum maximae
Hueck 1931, thanks to their huge yielding poteng&ad
relatively high fibre content, are considered tosbene of
the most promising energy crops. When cut earlyoree
flowering, the plant provides good ensiling mateniehile
it is less typically used as green forage or hag tuthe
hazard of cyanogenic glycosides or liver fluke da\j19].
This grass shows water purification capacity, syl as
reed.

recorded. Nature value of identified communitiesswa
evaluated on the basis of the number of speciestlaad
Shannon-Wiener diversity index (H’). Fodder valuasvesti-
mated based on the yield of dry matter and foddeescore (FVS)
according to Filipek[4].

Ash content, moisture content as well as highdrlawer
heating values were determined using a calorinadtdre In-
stitute of Chemical Wood Technology, the Pazhiiver-
sity of Life Sciences. Higher heating value wasedatned
according to the PN-81/G-04513 standard in a ZKdakb-
rimeter, dedicated to HHV measurements of solidsfue
Values were calculated using the formula:

Q= [C(Drk)-cl/ m [kJ/kg]
where:
C - heat capacity of a calorimeter of 12 783.6%C]J)/
D, — total temperature increment for the main pe[faj,
k — adjustment for heat exchange with the medit@j [
¢ — total adjustment for additional heat effects [J
m — fuel weight.

In order to provide a more comprehensive charatier
of the analysed material its calorific value wasoatalcu-
lated, i.e. higher heating value reduced by thd béaa-
porization of water released from fuel during itarbus-
tion. These values were calculated from the formula

Q%= Q% — 24.42(W — 8.94H) [kJ/kg],
where:
Q% — mean higher heating value of solid fuel in atiedy
state [J/q],
24.42 — heat of water vaporization afQxorresponding to
1% water in fuel [J/g],
W? — moisture content in analytical sample of fue],[%

At present communities of Phragmition and sedgé.94 — conversion factor of hydrogen content toewat

rushes, due to changes in management systems khaswel

changes in hydrological and soil conditions or rtheim-
plete exclusion from agricultural use, are expdsedegen-
eration processes, consisting first of all in fitid deple-
tion.

The aim of this study was to assess floristic il
nature value, yielding and calorific value of bigsawith
the predominance of great manna grass as matehniahw
may be used as energy crops.

2. Methods of the study

Geobotanical analyses of the commur@lycerietum

3. Analytical results and their discussion
3.1.Floristic analyses

A total of 21 plant species were recorded in them@u-
nity phytocenoses, mainly from the claBhragmitetea
along with scarce representatives from the classes
Lemnetea  Bindentea tripartiti  and  Molinio-
Arrhenathereteg(Table 1), which shows that it is a rela-
tively poor community. This regularity has been fooned
by many researchers in their studies [2, 8, 11, ZhE
highest percentage share in the sward was recdiated
grasses at 81.1%, with a marked predominance it gre

maximaewere conducted in the vegetation period of 2009manna grass3lyceria maximaat 72.3%. Sedges as well as
2013 in the Noté Leniwa and Bystra river valleys, at the herbs and weeds, among which species from the imil
Biatosliwie-Radolinek course, while in the years 2014201 AsteraceagPolygonaceae, Rubiaceasd Ranunculaceae

in the Nowe Dwory, Marianowo-Lubcz Wielki river
courses. A total of 42 relevés were prepared aaugrih
Braun-Blanquet [1], with areas depending on the room
nity structure and phytocenosis homogeneity, ragdfiom
10 to

predominatehave 10.8% and 18.6% shares in the sward,
while Fabaceae (Leguminoceae) were not reported.

In the analysed phytocenoses characteristic spegiee
identified, with 14 belonging to the claBiragmitetea4 spe-
cies - to the clasMolinio-Arrhenatheretea?2 species to the

400 nf, located at 28 sites of the river valley. The plantclassLemneteaand 1 species to the cléBmdentea tripartiti

community was subject to floristic and phytosocgidal
analyses and classified applying the syntaxonorystes
according to Matuszkiewicz [17]. The species nontetnce
was adopted according to Mirek et al. [18]. Withhe
community the taxonomic affiliation, botanical coosgtion
of the association, the percentage shares of spéatithe
community, the distribution of the degrees of cansy in
the association and the current habitat conditlmamsed on
Ellenberg's indicator values [3]: F, R and N, adlvas
moisture contents determined according twiD[20] were
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The occurrence of species from the clabfolinio-
Arrhenathereteai.e. semi-natural and anthropogenic meadow
and pasture communities, may indicate changes liitaha
moisture contents in the vegetation season, whicmgte
colonisation by species requiring less moist htghita

The diversification of phytocenoses in the comruni
with Glycaria maximaresults from a large number of fac-
tors. One of the most important measures of flioridiver-
sity in phytocenoses is provided by the Shannonréfie
index. In a scale proposed by Jurko [12] it taltes mean
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value H' = 2.1 (Table 2). Native species predon@natthe
Table 1. Floristic diversity of the associati@iycerietum maximae
Tab. 1. Rénorodnd¢ florystyczna zespotu Glycerietum maximae

community, including over 25.6% of spoetphytes.

Family / Percentage share Degree of constancy Systematic value . . L
. o Characteristic species for clags

Syntaxon in association (S) (D

Poaceae

- Glyceria maxima 72.3 \% 6485.0 Ch. Phragmitetea

- Phalaris arundinacea 4.9 Il 62.8 Ch. Phragmitetea

- Phragmites australis 2.8 Il 18.2 Ch. Phragmitetea

- Glyceria fluitans 0.7 | 4.9 Ch. Phragmitetea

- Agrostis stolonifera 0.4 [ 0.7 Ch. Molinio-Arrhenatheretea

Total 81.1

Sedges

- Carex gracilis, 5.9 Il 124.8 ChPhragmitetea

- Carex acutiformis 4.7 Il 24.2 ChPhragmitetea

- Carex riparia 0.2 Il 5.6 ChPhragmitetea

Total 10.8

Herbs and weeds

- Rorippa amphibia 5.5 Il 87.2 Ch. Phragmitetea

- Rumex hydrolapathum 45 Il 47.6 Ch. Phragmitetea

- Oenanthe aquatica 3.2 Il 29.6 Ch. Phragmitetea

- Lemna minor 3.4 1] 22.6 Ch.Lemnetea

- Mentha aquatica 3.2 [} 15.0 Ch. Phragmitetea

- Sium latifolium 1.8 Il 9.2 Ch. Phragmitetea

- Iris pseudoacorus 1.8 Il 7.6 Ch. Phragmitetea

- Myosotis palustris 0.8 Il 5.0 Ch. Molinio-Arrhenatheretea

- Lysimachia vulgaris 0.8 | 2.6 Ch. Molinio-Arrhenatheretea

- Lysimachia trisulca 0.5 | 2.0 Ch.Lemnetea

- Bidens frondosa 0.5 | 0.8 Ch.Bindentea tripartiti

- Symphytum officinalis 0.5 | 0.8 Ch. Molinio-Arrhenatheretea

- Galium palustre 0.3 [ 0.6 Ch. Phragmitetea

Total: 18.6

Another measure indicating nature value is coratect
with the mean value of the nature value index, wicour
case is (2.9). This indicates moderate nature vafuthe

community.

Table 2. Expansiveness of species in sedge ruskiagen

Glycerietum maximae

Tab. 2. Waloryzacja przyrodnicza szuwaru mannowego

Glycerietum maximae

Parameter Glycerietum maximae
H’ diversity index 2.1
Mean nature value index 2.9

Nature value

moderate nature value

Evaluation category

\4

*H'— Wiener floristic diversity index

Source: own studyZrdio: opracowanie wiasne

Source: own studyZrédio: opracowanie wlasne

3.2.Habitat analysis

Habitat conditions are a major factor determiniumgc-

tions and the floristic composition of a commuriy 7, 8,
13, 14] For this reason in order to determine the efédct
habitat conditions on the great manna grass contgnimi
was decided in this study to determine these cimmditus-
ing the indicator method.
Calculated mean values of soil moisture contedéexin
according to Gwit [20] and Ellenberg [3] indicate that it is
a community on moist or even very wet soils (Ta)leSoil
reaction was weakly acid, while nitrogen contenslah.
Similar results were reported by Grzelak et al. §id
Trzaska et al. [23].

Table 3. Habitat conditions f@lycerietum maximaaccording to Ellenberg [3] ands®@it [20]
Tab. 3. Ocena warunkéw siedliskowych Glycerieturrimae wedtug Ellenberga [3] i @vita [20]

Mean values of Ellenberg’s indicators

{

Plant associations Value of Moisture Value of Soil reaction - I
e - Value of indicator | Soil nitrogen content N
indicator content F indicator R
Mean value of Ellenberg’s 9.2 verv wet 6.4 weakly acidic 7.6 hiah
indicator (8.8-9.6) y (5.9-6.8) y (6.4-8.7) 9
Mean values of &wit's 8.4 swam 5.4 weaklv acidic 6.4 hiah
index (7.9-8.9) PY | 476.1) y (5.9-6.8) 9

Source: own study according to [3, 20f#dio: opracowanie wiasne wedtug [3, 20]
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3.3.Economic and fodder value

The great manna grass community has swards ob@a p

and mediocre value, mainly due to the small arpaciss
composition and strong inundation. Yields of haynirthe
first cut in individual years are on average 51:Hhis is a
community of plants of low fodder value, at variaegra-
dation stages and swards of low value at FVS =(2a2
ble 4). In this community sedges predominate alaiitty
herbs and weeds, whose shares increase gradualyeas
sult of lack of fertilisation or management. Thieint share
frequently exceeds 90.0%. Due to such a high ptagen
share of the above-mentioned group of plants & [hyto-
cenosis of low economic value, which disqualifiegrom
fodder use. In terms of its overall agriculturaluea this
community has to be considered to be of low valteis
the primary reason for its preservation is conreeeih the
nature value related with the protection of plamtnmuni-
ties and natural habitats [15].

3.4. Calorific value

0,

those obtained by Rogalski et al. [22]. Such adgebus
results are a consequence of the high bulk derestylting
from biomass pelleting, which was confirmed in tretud-
ies by Grzybek et al. [9] and tabiak et al. [16].

4. Conclusions

1. The formation, phytosociological diversificatiomoris-
tic diversity, nature value and yielding of the counity
dominated by great manna grass are significanfiycted
by moisture content, water circulation and oxygemags
well as type of use.

2. Atotal of 21 plant species were recorded in themm-
nity phytocenoses, with the highest percentageesladr
grasses in the sward at 81.1%, with the marked wimmcie
of great manna grassGlyceria maxima amounting to
72.3%.

3. The biological diversity index H’ is 2.1, while tleean
fodder value score is 2.9 and value class is IMchvimdi-
cates moderate nature value of this community.

4. Calculated mean values of the soil moisture coritent

The most important temperature and physical parame&exes according to @it and Ellenberg indicate that the

ters of biomass include its lower and higher heatialues.
These parameters depend primarily on the chemizgapo-
sition and moisture content of the material. Instbtudy

community is located on very wet and swampy soith &
weakly acid reaction and high nitrogen content.
5. The lower and higher heating values are very higth a

these values are very high (Table 5) and comparttble are connected with high bulk density resulting frbio-

those reported by Harkot et al. [10] and much highan

mass pelleting.

Table 4. Yielding and utilisation value number (UNfidlex) of communitie§lycerietum maximae
Tab. 4. Plonowanie i warfg uzytkowa (Lwu) zbiorowiska Glycerietum maximae

Site Yield of hay of # cutt-ha’ Mean usefulness value value of sward
2014 2015 2016 number (UVN)
Biatosliwie 5.4 4.7 4.8 4.2 (3.6-4.8) mediocre
Radolin 4.9 4.8 4.7 4.3 (3.7-4.9) poor
Radolinek 4.9 4.7 4.7 4.3 (3.6-5.0) poor
Herbutowo 5.2 5.1 4.9 4.4 (3.7-5.1) poor
Marianowo 5.3 5.0 5.0 4.2 (3.6-4.7) mediocre
Srednia 5.1 4.9 4.8 4.3 (3.6-4.9)

* FVS — fodder value score index according to [4] Source: own studyZrddio: opracowanie wiasne

Table 5. Characteristics of calorific value@ifycerietum maximae
Tab. 5. Charakterystyka wasit energetycznej Glycerietum maximae

Measurement C(‘f’ll\lﬂ%r_'fklg_l\; ?::]J.e_ogll\'/le)ld T&%‘ i;?:z:m? Si/lll)Je (g-kg" sAfr? — DM) Moisture content (%)
| 17.1 18.2 62 9.9
Il 16.9 17.6 66 9.8
1] 17.3 18.2 65 9.9
v 17.4 17.9 69 9.2
\Y 17.0 18.4 68 9.4
Mean 17.1 18.1 86 9.6

Source: own studyZrédio: opracowanie wtasne
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