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Abstract
Which perennial fodder grass species is most suitable for energy production from extensive 
permanent grassland under low fertilizer nitrogen (N) application and low cutting frequency? As 
part of an experiment comparing annual, perennial and woody candidate biomass crops, four per-
ennial fodder grasses (perennial ryegrass (Lolium perenne L.), timothy (Phleum pratense L.), 
tall fescue (Festuca arundinacea Schreb.), cocksfoot (Dactylis glomerata L.)) and a mixture of 
timothy and red (Trifolium pratense L.) and white clover (Trifolium repens L.) were sown in 2007 
on a sandy soil in Melle (Flanders) in a split-plot trial with two levels of N application (250 and 
150 kg N ha–1 y–1). The plots were cut 3 times a year (in May, July and September) in 2008, 
2009 and 2010. We determined the dry matter (DM) yield, the contents of crude protein (CP), 
water soluble carbohydrates (WSC), neutral detergent fibre (NDF), acid detergent fibre (ADF) and 
lignin (ADL) and the organic matter digestibility (OMD).
The average dry matter yield amounted to 17.2 Mg ha–1 y–1 at 250 kg N, and to 14.4 Mg ha–1 
y–1 at 150 kg N. Almost half of the yield was harvested in the first cut. Timothy was the highest 
yielding species at 250 kg N (19.4 Mg ha–1 y–1) and the mixture of timothy with clover was the 
highest at 150 kg N (18.2 Mg ha–1 y–1). Perennial ryegrass had the lowest DM yield. Although 
the higher sugar content and digestibility of the ryegrass, and its area-specific digestible organic 
matter yield, were significantly lower than that of the more fibre-rich species timothy and tall 
fescue and the timothy-clover mixture at the low N application rate. 
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Introduction
In Flanders (Belgium) perennial ryegrass is the main species used in intensive permanent grass-
land for feeding ruminants. Permanent grassland may also have some advantages as a feedstock 
for biogas production. It has a low annual establishment cost, continuous ground cover and 
flexibility in use. Extensive grassland on marginal soils may be eligible for energy produc-
tion. Extensive utilization implies low nitrogen fertilizer application and low cutting frequency. 
Which perennial fodder grass species are the most suitable for biomass production for energy?

Materials and methods
As part of an experiment comparing annual, perennial and woody candidate biomass crops, the 
perennial fodder grasses: perennial ryegrass (an early cv. Rebecca and intermediate cv. Plenty), 
timothy (cv. Comer), tall fescue (cv. Barolex), cocksfoot (cv. Cristobal). and a mixture of timothy 
and red (cv. Merviot) and white clover (cv. Merwi) were sown in 2007 on a poor sandy soil 
in Melle (Flanders) in a split-plot trial in 3 replicates with two levels of nitrogen application (250 
and 150 kg N ha–1 y–1). The plots (8.1 m²) were cut 3 times a year (mid-May, mid-July and 
mid-September) in 2008, 2009 and 2010, using a Haldrup forage plot harvester equipped with 
chopper for automatic sampling. We determined dry matter (DM) yield, contents of CP, WSC, 
NDF, ADF, ADL and in vitro OMD (De Boever et al., 1988).
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Results and discussion
The dry matter yield was significantly (P < 0.001) affected by species, N application lev-
el, year and cut. As the species × year interaction was not significant, the DM yield is 
shown in Figure 1 as an average over the 3 harvest years. The average DM yield amounted 
to 17.2 Mg ha–1 y–1 at 250 kg N and to 14.4 Mg ha–1 y–1 at 150 kg N. Almost half of the 
yield (47 %) was harvested in the first cut. Timothy was the species with the highest annual 
yield at 250 kg N (19.4 Mg ha–1). At 150 kg N, the mixture of timothy with clover yielded 
the most (18.2 Mg ha–1). Perennial ryegrass had the lowest DM yield.
The composition of the dry matter is presented in Table 1 as an average of the weighted 
annual means over the 3 harvest years. Except for the mixture of timothy and clover, the 
contents of CP, NDF, ADF and ADL were lower, and the WSC content and the digestibility 
higher, at the low N application rate than at the high N application rate. Perennial ryegrass 
had the highest WSC content and digestibility. In this respect the intermediate variety was 
better than the early one. Cocksfoot and timothy had the highest NDF and ADF content. The 
mixture of timothy with clover had the highest crude protein content but also the highest 
lignin content. 
As an estimation of the area-specific methane yield we have calculated the annual yield of 
the digestible organic matter (DOM) of the fodder grasses (Table 2). At the 250 N rate, the 
grass species did not differ significantly, although timothy yielded more than 1 Mg ha–1 y–1 
more DOM than the perennial ryegrasses. At the 150 N application rate the timothy-clo-
ver mixture yielded the most DOM. At this N rate the DOM yield of the perennial ryegrasses 
was significantly lower than that of timothy, tall fescue and the mixture. These findings 
are similar to the conclusion of Prochnow et al. (2009) who stated that the area-specific 
methane yield depends on the biomass yield rather than on the species-specific composition.

Table 1. Mean annual content (in g kg–1 DM) of crude protein (CP), water soluble carbohydrates 
(WSC), neutral detergent fibre (NDF), acid detergent fibre (ADF), lignin (ADL) and organic mat-
ter digestibility (in %) of early (Lp e) and intermediate (Lp int) heading perennial ryegrass, timothy 
(Pp), tall fescue (Fa), cocksfoot (Dg) and a mixture of timothy with clover (Pp+T) at nitrogen ap-
plication rates of 150 and 250 kg ha–1 y–1

Spec. 150N 250N
CP WSC NDF ADF ADL OMD CP WSC NDF ADF ADL OMD

Lp e 88 213 538 269 24 72.9 99 176 561 286 26 71.4
Lp int 85 226 523 263 23 75.2 97 189 541 277 24 74.1
Pp 87 141 598 323 36 64.8 102 100 628 343 39 61.7
Fa 82 191 554 283 23 68.3 96 145 590 306 26 65.6
Dg 86 114 626 339 36 65.5 104 87 642 348 39 63.8
Pp+T 118 81 602 349 50 61.8 118 88 615 339 42 62.4
LSD5% 6 17 15 9 2 1.6 9 15 10 8 2 1.4

Table 2. Annual yield of digestible organic matter (average of years 2008, 2009, 2010) of fodder grass 
species at nitrogen application rates of 150 and 250 kg ha–1 y–1 (figures followed by the same let-
ter in the same column are not significantly different by Duncan’s multiple range test, P < 0.05)
Species 150N 250N
Early perennial ryegrass 8165 cd 9797 a
Intermediate perennial ryegrass 7431 d 9898 a
Timothy 9475 ab 11015 a
Tall fescue 9385 ab 10682 a
Cocksfoot 8833 bc 10843 a
Timothy + clover 10404 a 10531 a
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Conclusions
The annual biomass yield of extensively managed perennial ryegrass is lower than that of 
timothy, tall fescue and cocksfoot. The higher sugar content and digestibility of the ryegrasses, 
and also their area-specific DOM yield, is significantly lower than that of timothy and tall 
fescue at an N application rate of 150 kg ha–1 y–1. At this N rate, the highest DOM yield was 
from the timothy-clover mixture. At the 250 N rate, timothy had the highest DOM yield 
but the differences in DOM yield between species were not significant. Especially timothy, 
and to a lesser extent tall fescue and cocksfoot, outyielded perennial ryegrass in terms of 
biomass production for energy under extensive management. 
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Figure 1. Dry matter yield (average of years 2008, 2009 and 2010) of cuts in May (black), July 
(white) and September (grey) of early (Lp e) and intermediate (Lp int) heading perennial ryegrass, 
timothy (Pp), tall fescue (Fa), cocksfoot (Dg) and a mixture of timothy with clover (Pp+T) at nitro-
gen application rates of 150 (left) and 250 kg ha–1 y–1 (right)




