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Abstract
In Merelbeke (Flanders) a monoculture of maize (+ rye as a catch crop) and a 3-year crop rota-
tion of maize, Italian ryegrass (IR, Lolium multiflorum), 1 cut IR + sorghum (+ rye as a catch 
crop) were compared in terms of biomass production (organic matter yield) (OM) for meth-
ane production. Two N-fertilizer regimes were conducted for the annual crops: a moderate 
and extensive N-regime (i.e. moderate × 0.6). During a period of 3 years there was no 
significant difference in OM yield between maize in rotation, maize in monoculture and the 
combination of 1 cut IR + sorghum at the two N-fertilisation levels. The average yield of 
3 years of a monoculture maize (16.6 t OM per ha) was considerably higher than the aver-
age yield of a 3-year rotation maize – Italian ryegrass – sorghum (15.2 t OM per ha). The 
ranking of the individual energy crops in terms of OM production per ha was the same 
for the moderate and the extensive N fertilization level: maize in rotation > 1 cut IR + sor-
ghum > maize in monoculture > Italian ryegrass. The substrate-specific methane yields of 
the crops involved in this experiment are comparable, and they have less influence on the 
methane yield per ha than the area-specific methane yield.
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Introduction
Maize is the most important energy crop grown for co-digestion in Flanders (5000 ha). In terms 
of a sustainable agriculture, maize monocultures should be avoided and other energy crops 
such as Italian ryegrass (IR) and sorghum should be integrated into a crop rotation. Farm-
ers are experienced in growing IR for 1 cut in spring before sowing maize or as a crop 
for a full year harvest. Sorghum (mainly hybrids S. bicolor x S. bicolor, S. bicolor x S. 
sudanense) can be introduced as a potential crop for biomass production because this C4 
plant can produce a large amount of biomass in a short period and has a higher water use-
efficiency than maize. Therefore it can be sown as a second crop in combination with one 
cut of IR, harvested in period 10–25 May. As a result, a maize monoculture, followed by 
rye as a green cover crop during the winter period is compared with a 3-year rotation of 
maize – IR – one cut IR + sorghum (+ rye as a winter cover crop). This annual crop pro-
duction system is part of an experiment comparing annual, perennial and woody candidate 
biomass crops.

Materials and methods
The experiment started with an introduction year in 2007, including sowing of IR in autumn to 
have all the treatments available in the following year. Two cultivars of maize, IR and sorghum 
(Table 1) were sown in 2007–2010 on a poor sandy soil in Melle (Flanders) in a split-plot 
trial with three replicates. Two levels of nitrogen fertilization were applied: 150, 250 and 
55+120 kg N ha–1 y–1 as a moderate level for maize, IR, one cut IR+sorghum, respectively 
and 60% of this per crop as a low fertilization level. The sowing and harvesting schedule 
is summarized in Table 1. 
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Table 1. Cultivars, sowing and harvest period in 2008-2010 (Melle)

2008 2009 2010 2008 2009 2010 2008 2009 2010

maize Atletico Atletico Atletico

KWS 1393 34B39 34B39

sorghum Green Grazer Green Grazer Maja

Goliath Goliath Zerberus

Italian ryegrass Melclips Melclips Melclips

Gemini Gemini Gemini

rye Jobaro Jobaro Jobaro 24/10 17/10 - - -
1: date of resowing

varieties sowing date harvest

7/5 23/4 29/4 3/10
11/9 
22/9

13/10

28/5 5/61 19/05 14/10
 29/9 
7/10

13/10

24/10/07 17/10/08 14/10/09
1 and 
4 cuts

1 and 
4 cuts

1 and 
4 cuts

Results and discussion
Two criteria are decisive for choosing crop species for biomethanisation (i) the biomass 
yield per ha and (ii) the specific methane production rate (CH4 kg–1 organic dry matter)
(CH4 = litre of gas by 1013 hPa and 0°C).
Biomass yield per ha.
In a period of three years in this experiment there was no significant difference in OM 
yield between maize in rotation, maize in monoculture and the combination of one cut IR 
+ sorghum at the two N-fertilisation levels (Table 2). Maize in rotation, maize in monocul-
ture and one cut IR + sorghum yield was, on average over the two N-levels, 16.6, 17.8 and 
17.04 t OM per ha, respectively. In the first year, the combination of one cut IR + sorghum 
had significantly the highest yields of 21.1 and 18.1 t OM per ha for the moderate and low 
N-levels, respectively, but in the two following years maize in rotation yielded more (only 
significant in 2009). 

Table 2. Organic matter yield of maize, Italian ryegrass and sorghum (kg OM ha–1) at two different 
N-fertilisation levels in 2008–2010 (Melle). (Figures followed by the same letter in the same row are 
not significantly different by the Scheffe method, P < 0.05)

maize maize Italian ryegrass IR + sorghum

monoculture in rotation (1) IR (2) (3)

Moderate 2008 18431b 18669b 11829c 6255+14862a 17205

2009 18792b 20201a 11214c 4889+12310b 16205

2010 15980b 17460a 9660c 5840+11203a 14721

average 17734a 18776a 10901b 5661+12792a 16044

relat.yield 100, 0 105,9 61,5 31,9+72,1 90,5

Low 2008 15856b 15661b 11037c 5146+12958a 14934

2009 16863b 19007a 9604c 3483+12071b 14722

2010 13676b 15750a 8209c 3806+11729a 13165

average 15465a 16806a 9616b 4145+12253a 14273

relat.yield 100, 0 108,7 62,2 26,8+79,2 92,3

Average 16600 17791 10259 4903+12522 15159

relat.yield 100,0 107,2 61,8 29,5+76,0 91,3

N fertilisation year
average crop 

rotation (1+2+3)

Sorghum is not commonly cultivated in this region and crop husbandry can certainly be 
optimized to improve and stabilize OM yield: e.g. cultivar choice, sowing density, plant pro-
tection, N-fertilisation, timing of harvest. IR with one cut between 10 and 20 May produced 

cultivar
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31% and 25% of the total yield IR+ sorghum at the moderate and low N-levels, respectively. 
The annual yield of Italian ryegrass, obtained with grass rather low N-fertilisation rates 
in a system of four cuts per year, was significantly lower than the other crop yields: 10.9 
and 9.6 t OM per ha for the moderate and low N-levels. Maize growing in rotation with 
other energy crops produced significantly more OM per ha than maize in monoculture 
in the third (2009) and fourth (2010) growing seasons, but the average yield of three years 
of a monoculture maize (16.6 t OM per ha) is considerably higher than the average yield 
of a 3-year rotation with IR and sorghum (15.2 t OM per ha). It will be interesting to see 
if this will be confirmed during the next three-year rotation period.
Specific methane production rates.
In the evaluation of different energy crops it is important to consider differences in spe-
cific methane production per species, and differences between maize and sorghum were 
rather small. In a study of the economy of energy crops in the Netherlands, van der Voort et 
al. (2008) found 300 m3 methane per t OM for silage maize and 290 m3 methane per t OM 
for sorghum (Sudan grass). In the experiments of Ghekiere (personal communication) in Flan-
ders, 396 m3 and 355 m3 methane per t OM were measured in maize (n = 11) and sorghum 
(n = 31) respectively. Grasses have a comparable specific methane production rate to maize 
silage, but a lower yield potential on many sites (Taube et al., 2007). Although grass spe-
cies may differ with respect to their chemical composition they appear to be characterised 
by similar specific methane production rates, ranging between 300 and 400 lN kg–1 organic 
dry matter. It has been proven by several systematic experiments that specific methane 
yields decrease with advancing stage of vegetation. Particularly, because hemi-cellulose 
and lignin are difficult to degrade under anaerobic conditions, increasing the crude fibre 
limits the biogas production potential (Prochnow et al., 2009). Here, in this experiment, IR 
was cut four times a year spread out over the growing season with a first cut between 20 
and 30 April. This guarantees a low lignin content in the grass: an annual average of 2.37% 
on dry matter (DM) for lignin and 24.47% on DM for hemi-cellulose was measured in this 
experiment. A management with an early cut and several cuts per year leads to both high 
substrate-specific and area-specific methane yields (Prochnow et al., 2008).

Conclusions
The annual biomass yield of maize in monoculture is higher than that of a three year rota-
tion of maize – Italian ryegrass – sorghum in the first rotation period. The ranking of the 
individual energy crops in terms of OM production per ha is the same for the moderate and 
lower N fertilization level: maize in rotation > one cut IR = sorghum > maize in monocul-
ture > Italian ryegrass. The substrate specific methane yield of the crops, involved in this 
experiment, are comparable has and have less influence than the area-specific methane 
yield on the methane yield per ha.
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