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IntroductionIntroduction

Biogas production is becoming the most popular source for Biogas production is becoming the most popular source for bioenergybioenergy in in 
small farms, food factories and waste water treatment. The anaersmall farms, food factories and waste water treatment. The anaerobic obic 
digestion of energy crops and agricultural residues can contribudigestion of energy crops and agricultural residues can contribute te 
considerably to national energy balances considerably to national energy balances (Plöchl, Heiermann, 2006; Holm-
Nielsen, Olieskewicz-Popiel, Al Seadi, 2007).

The biogas production is influenced by many parameters The biogas production is influenced by many parameters 
which are related to the process conditions, substrates and which are related to the process conditions, substrates and 
the concentrations of nitrogen, carbon, lignin, cellulose, hemi the concentrations of nitrogen, carbon, lignin, cellulose, hemi 
cellulose, sugars, proteins in them cellulose, sugars, proteins in them (Gerin et al., 2008; 
Janušauskas, 2003; Raclavská, Juchelková, Roubíček, 2007).

The selection of appropriate plant species as The selection of appropriate plant species as 
feedstock for biogas production is an important feedstock for biogas production is an important 
aspect in decisionaspect in decision--making. making. BiogassBiogass crops should crops should 
have characteristics like high yields and low have characteristics like high yields and low 
production inputs production inputs (Heiermann et al., 2009)..



Which Which harbaceousharbaceous plants to plants to 
choose ?choose ?

TraditionalTraditional AlternativeAlternative

Silphium
perfoliatum

Miscanthus

Artemisia 

Dactylis glomerata

Sida hermaphrodita

Perennial grasses or  grassland could be Perennial grasses or  grassland could be 
promising plants for nonpromising plants for non--food purposes food purposes 
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Festuca arundinacea
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Utilization of pure Utilization of pure PhalaroidesPhalaroides
arundinaceaarundinacea L., L., BromusBromus inermisinermis
LeysserLeysser, , MelilotusMelilotus officinalisofficinalis (L.) (L.) 
Lam., Lam., LupinusLupinus polyphylluspolyphyllus, , GalegaGalega
orientalisorientalis Lam. and grass/legume Lam. and grass/legume 
mixtures for biogas was estimated mixtures for biogas was estimated 
and investigations showed, thatand investigations showed, that

1 kg DM of herbage 1 kg DM of herbage -- 0.531 0.531 ––
0.678 m0.678 m33 biogas, which contains biogas, which contains 
64.564.5--72.8 % of methane72.8 % of methane

((NavickasNavickas et al., 2003)et al., 2003)

Methane yields of grassland Methane yields of grassland 
biomass vary in a wide range, biomass vary in a wide range, 
mainly depending on the mainly depending on the 
intensity of grassland use. An intensity of grassland use. An 
intensive management with an intensive management with an 
early first cut and several cuts early first cut and several cuts 
per year leads to both high per year leads to both high 
substratesubstrate--specific and areaspecific and area--
specific methane yields and specific methane yields and 
vice versa vice versa ((ProchnowProchnow et al., 2008).et al., 2008).

Dry matter yield of fodder grass swards can reach 6 Dry matter yield of fodder grass swards can reach 6 –– 13 13 
t hat ha--11 in leys and 6 in leys and 6 –– 7 t ha7 t ha--11 DM in pastures depending DM in pastures depending 
on management on management ((BrencieneBrenciene, 1995; , 1995; DaugelieneDaugeliene, 2002; , 2002; KadziulieneKadziuliene, , 

KadziulisKadziulis, 2007; , 2007; JasinskasJasinskas, , ZaltauskasZaltauskas, , KryzevicieneKryzeviciene, 2008)., 2008).
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Forecasting energy crops on 22 % or 740 thousand ha of 
the total agricultural land: 42% for biofuels

52% for biomass. 
Grasses on 129 thousand haGrasses on 129 thousand ha (Šateikis, 2006)

LithuaniaLithuania
Total land area, 
thousands ha

6530.06530.0
LandLand forfor agricultureagriculture

33365365.0.0::

Arable land  Arable land  2873.02873.0
CCroprop area area 11750750..00

PerennialPerennial grassesgrasses
416416..11

Perennial grasslandPerennial grassland
573.9573.9

MeadowsMeadows andand naturalnatural
pasturespastures 444488..55
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The use of grassland for energy is one of potential renewable for energy is one of potential renewable 
resources and good possibility of resources and good possibility of 
promoting multifunctional, sustainable promoting multifunctional, sustainable 
agricultural sector.agricultural sector.

Grassland has a number of positive effects Grassland has a number of positive effects 
on the environment  and biodiversity.on the environment  and biodiversity.
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The aim of the present study was to estimate the chemical The aim of the present study was to estimate the chemical 
composition of tall fescue biomass grown for biogas production icomposition of tall fescue biomass grown for biogas production in n 
relation to the timing of the first cut and mineral nitrogen ferrelation to the timing of the first cut and mineral nitrogen fertilization.tilization.

ProjectProject Plant Biomass Value Enhancement by 
Biotechnology Methods

The study is supported by the Lithuanian State Science and StudiThe study is supported by the Lithuanian State Science and Studies Foundation es Foundation 

One of the tasks of the project isOne of the tasks of the project is

Enhancement of valuable Enhancement of valuable producentsproducents biomass productivity and quality by biomass productivity and quality by 
agrotechnologicalagrotechnological implements making qualitative biomass composition  implements making qualitative biomass composition  
which have influence for  biogas parameters and methane yields which have influence for  biogas parameters and methane yields 

A few experiments is ongoingA few experiments is ongoing……....
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Materials and methods

Field and laboratory experiments were carried out at the Field and laboratory experiments were carried out at the 
Lithuanian Institute of Agriculture in Lithuanian Institute of Agriculture in DotnuvaDotnuva (55(55˚̊ 2424‘‘N) in N) in 
2008. 2008. 

The soil of the experimental site is characterised as The soil of the experimental site is characterised as ApicalcariApicalcari --
EndohypogleyicEndohypogleyic CambisolCambisol, light loam. , light loam. 

Tall fescue (Tall fescue (FestucaFestuca arundinaceaarundinacea SchrebSchreb.) swards in the second .) swards in the second 
year of use. year of use. 

Tall fescue swards were grown without fertilizers and with Tall fescue swards were grown without fertilizers and with 
mineral nitrogen applied at a rate of 150 kg hamineral nitrogen applied at a rate of 150 kg ha--11 in spring at in spring at 
the beginning of vegetation.the beginning of vegetation.

The swards were cut twice per season (on the dry weather The swards were cut twice per season (on the dry weather 
conditions). The first cut was taken at different growth stages conditions). The first cut was taken at different growth stages --
heading or flowering.heading or flowering.
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Materials and methods

The total nitrogen and organic carbon were determined using The total nitrogen and organic carbon were determined using 
the Dumas method (DIN/ ISO 13878) the Dumas method (DIN/ ISO 13878) 

Crude protein was calculated N x 6,25Crude protein was calculated N x 6,25

Acid detergent fibre (ADF), neutral detergent fibre (NDF), and Acid detergent fibre (ADF), neutral detergent fibre (NDF), and 
lignin (ADL) were estimated using the van lignin (ADL) were estimated using the van SoestSoest methodology methodology 
of fibre fractionof fibre fraction

The quantities of cellulose, The quantities of cellulose, hemicellulosehemicellulose were calculated: were calculated: 
cellulose = ADFcellulose = ADF--ADL, ADL, hemicellulosehemicellulose = NDF= NDF--ADF (Faithfull, ADF (Faithfull, 
2002).2002).



Biomass yield at heading and flowering stages
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DM, t haDM, t ha--11

N, kg haN, kg ha--11
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Tall fescue, DM t haTall fescue, DM t ha--1 1 yearyear--11

12.1 12.1 (1st cut at beginning of 
heading -3.6)

13.1 13.1 ((1st cut at heading - 4.9)

13.6 13.6 ((1st cut at heading – 6.0),

but 3 cuts, N 240 kg habut 3 cuts, N 240 kg ha--11

((BrencieneBrenciene, 1995), 1995)

Results and discussionsResults and discussions
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The variation of carbon to nitrogen ratio in tall fescue biomassThe variation of carbon to nitrogen ratio in tall fescue biomass at at 
heading and flowering stagesheading and flowering stages

C:NC:N
The carbon and nitrogen The carbon and nitrogen 
ratio in the biomass for ratio in the biomass for 
anaerobic digestion is anaerobic digestion is 
optimum 20 optimum 20 –– 30 30 
(Dennis, Burke, 2001)(Dennis, Burke, 2001)

Most suitable carbon to Most suitable carbon to 
nitrogen ratio for biogas nitrogen ratio for biogas 
production was in fertilized production was in fertilized 
and not fertilized tall and not fertilized tall 
fescue biomass cut at fescue biomass cut at 
heading stageheading stage

The influence of The influence of 
grass vegetation grass vegetation 
period on carbon to period on carbon to 
nitrogen ratio was nitrogen ratio was 
higher than that of higher than that of 
nitrogen nitrogen 
fertilization. fertilization. 
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TheThe variationvariation ofof thethe ratioratio ofof structuralstructural biopolymersbiopolymers inin thethe fibrefibre
ofof thethe biomassbiomass at at headingheading andand floweringflowering stagesstages

% in DM% in DM
NN00 NN150150

There were no significant There were no significant 
differences in the differences in the 
concentration of concentration of 
hemicellulosehemicellulose and cellulose and cellulose 
in the biomass of fertilized in the biomass of fertilized 
and not fertilized tall fescue and not fertilized tall fescue 
cut at heading and flowering cut at heading and flowering 
stages.stages.
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The variation of elements in tall fescue biomass at heading The variation of elements in tall fescue biomass at heading 
and flowering stagesand flowering stages

Cutting timeCutting time Indicators g kgIndicators g kg--11 DMDM
PP KK SS CaCa MgMg CrudeCrude

proteinprotein
WSCWSC

TallTall fescuefescue NN00

11stst cutcut, at , at headingheading 2,622,62 23,223,2 1,991,99 4,314,31 0,810,81 123,0123,0 237237

22ndnd cutcut 3,893,89 14,314,3 2,302,30 8,638,63 1,521,52 64,464,4 145145

11stst cutcut, at , at floweringflowering 1,861,86 13,613,6 1,681,68 2,552,55 0,640,64 38,538,5 171171

22ndnd cutcut 2,462,46 12,412,4 1,561,56 6,706,70 1,371,37 63,863,8 108108

TallTall fescuefescue NN150150

11stst cutcut, at , at headingheading 2,702,70 21,621,6 2,142,14 4,314,31 1,071,07 141,0141,0 159159

22ndnd cutcut 2,842,84 14,814,8 1,631,63 6,686,68 1,141,14 56,356,3 110110

11stst cutcut, at, at floweringflowering 1,671,67 18,618,6 1,731,73 3,343,34 0,680,68 58,158,1 160160

22ndnd cutcut 3,763,76 15,015,0 2,722,72 11,011,0 1,731,73 92,592,5 148148

There were found 
little differences in 
the concentration 
of macro elements 
in the biomass of 
fertilized and not 
fertilized with 
nitrogen swards 
cut at heading 
stage. 

At flowering stage, the concentration of macro elements in the 
biomass of fertilized grass, except phosphorus, was higher 
compared to the biomass, cut at heading stage.

The biomass 
contained more 
than three times 
higher yield of 
crude proteins at 
heading stage 
compared to 
biomass cut at 
flowering stage
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ConclusionsConclusions

The annual biomass yield The annual biomass yield 
was higher in fertilized was higher in fertilized 
sward compared to non sward compared to non 
fertilized and the biggest fertilized and the biggest 
biomass yield was when biomass yield was when 
the first cut was made at the first cut was made at 
flowering stage. flowering stage. 

The biomass of tall fescue The biomass of tall fescue 
at the heading stage is at the heading stage is 
better suited for biogas better suited for biogas 
production, since it production, since it 
contains less lignin and contains less lignin and 
more watermore water--soluble soluble 
carbohydrates in dry carbohydrates in dry 
matter and a more matter and a more 
adequate carbonadequate carbon--toto--
nitrogen ratio.nitrogen ratio.
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