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INTRODUCTION 
This project studied the viability of 
reed canary grass (Phalaris 
arundinacea) and switchgrass 
(Panicum virgatum) for biomass 
production across different regions of 
the UK. Their performance was 
compared to miscanthus, which has 
been more extensively researched 
during recent years.  The work 
followed on from successful 
evaluations of the three grasses at 
Rothamsted in the 1990’s.  Both 
switchgrass and reed canary grass are 
established from seed, making them far 
cheaper to grow than miscanthus or 
short rotation coppice.  Switchgrass is 
a North American forage grass, and the 
U.S. Department of Energy has 
selected it as a model herbaceous 
biomass feedstock for energy 
production.  There are two distinct 
switchgrass ecotypes, lowland and 
upland.  Lowland ecotypes are latter 
maturing, have thicker stems and tend 
to have a lower plant population with 
individual plants growing more stems 
in a dense bunch.  Latter maturity 
tends to result in higher mineral 
concentrations at harvest.  Reed 
canary-grass is native to the UK and 
widely distributed and suited to cool 
and wet conditions. 
All three species can take three or 
more years to reach full production, 
and so as the project lasted only four 
years it is not known if full yield 
potential at each site has been realised. 
In phase II of the project fieldscale 
(1.5ha) areas of switchgrass and reed 

canary grass were successfully 
established at Woburn, demonstrating 
that commercial establishment is 
possible, however, similar areas sown 
at Rosemaund failed to establish. 
 
AIMS AND OBJECTIVES 

·  To identify, by measuring their 
yield, the most suitable 
varieties of switchgrass and 
reed canary-grass for biomass 
production in those areas of the 
UK where they could be 
reasonably expected to grow 
and produce a commercially 
viable yield. The performance 
of these two species to be 
compared to miscanthus, which 
has been more extensively 
researched during recent years. 

·  Performance evaluation to 
identify the best varieties for 
scaled-up planting (Phase 2) as 
well as the location for this 
work.  

·  To document the cost to 
establish and produce the 
biomass and provide 
information on the amount of 
work required to maintain the 
crops. 

·  Crops to be monitored to 
determine what problems might 
be encountered in growing the 
crops; for the incidence of 
pests, disease and weeds.  

·  To provide a resource for other 
experiments. 
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Site Lat         Long Soil Altitude 
(m) 

Boxworth 52.25 N,   0.04 W Calcareous clays over chalky boulder clays. 50 
Bridgets 51.10 N,   1.27 W Chalky silty loams over chalk. 67 
Brooms Barn      52.26 N,   0.57 E Weakly structured silty clay loams. 70 
High Mowthorpe 54.12 N,   0.65 W Chalky silty loams over chalk. 175 
Invergowrie 56.46 N,   3.07 W Light sandy Loam 18 
Rosemaund 52.13 N,   2.63 W Silty clay loam over old red sandstone. 80 
Rosewarne 50.23 N,   5.30 W Stony acid brown earth. 55 
Rothamsted 51.82 N,   0.37 W silty clay loams over clay with flints. 123 
Woburn Main site 52.01 N,   0.62 W Brown sands over sandy colluvium or lower greensand. 86 
Woburn Micro site 52.02 N,   0.59 W Gleyic brown calcareous soil overlying Ampthill clay. 74 

Table 1. Details of the ten trials sites. 
 
Method, Results and Discussion 
Nine sites were established (a tenth, 
Boxworth, failed to establish) across 
the UK (figure 1) in 2001, from 
Rosewarne (50.230N) in Cornwall to 
Invergowrie (56.460N) in Scotland.  
Further details of the sites are shown in 
table 1.  Miscanthus x giganteus and 
switchgrass have not previously been 

successfully grown in replicated 
experiments so far north in Europe.  
Each site had a fully replicated and 
randomised design with one upland 
switchgrass (Cave in Rock), one reed 
canary grass (Palaton), and one 
miscanthus genotype. At five sites 
(Boxworth, Bridgets, Rosemaund, 

Rothamsted and Woburn sand site) 
extra cultivars of the seeded grasses 
were also included: one extra reed 
canary grass cultivar (Bamse), one 
upland switchgrass (Shelter) and two 
lowland switchgrasses (Kanlow and 
NL93/2).  Two sites were established 
at Woburn – one on sandy soil (the 
main site) and one on clay – to 

investigate the effect of 
soil type. 
The only fertilizer 
applied during the 
course of the 
experiment was 60kg 
N/ha to the reed canary 
grass in years two and 
three. 
The miscanthus was 
planted at 2plants/m2, 
however the  
establishment varied 
widely (27-86%), and as 
a result all gaps were re-
planted in the second 
year, when 

establishment was again variable (11-
67%), and the plots at High 
Mowthorpe and Rosemaund failed to 
reach an acceptable population.  The 
rhizomes used in 2001 were sourced 
from a relatively old European 
plantation (exact age unknown) and it 

Fig 1.  The location of the Topgrass sites. 
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was probably due to the age and 
consequent reduced vigour that 
establishment was poor and variable.   
Once miscanthus plants had grown 
there were no significant losses in 
subsequent years at any site. 
Establishment of the seeded grasses 
was also very variable within and 
between sites, and several plots failed 
to establish successfully. The 
switchgrass at Rosewarne was 
abandoned.  The reasons for the 
failures could not be clearly identified, 
however it is likely that a combination 
of factors were involved, e.g. seed 
vigour, seed dormancy and seedbed 
and climatic conditions.  Seedrates of 
500 live seeds/m2 were used for all 
cultivars, based on laboratory 
germination tests, however there is a 
need for a germination test that can 
accurately predict establishment 
capability of seedlots under field 
conditions, rather than tests that 
estimate germination under 
ideal/laboratory conditions.  It is 
unlikely that dormancy and climatic 
conditions were solely responsible for 
the poor establishment of all the 
varieties; at some sites there was large 
variation in establishment between 
plots of the same variety.  Post 
planting rolling for consolidation is 
likely to be important for good 
establishment, and may have been 
insufficient at some sites.  
Despite regular monitoring, no pests or 
diseases caused problems during the 
experiment at any site, however, moth 
larvae (Apamea ophiogramma) 
damage at low levels in reed canary 
grass was noted at several sites, with 
moderate damage caused at 
Invergowrie in 2004. Minor levels of 
various diseases were noted in the 
crops at several sites.  Weeds were 
most difficult to control in the 
establishment year, but were 
successfully controlled throughout the 
duration of the project.  Reed canary 

grass had the fewest herbicide 
applications, with none applied at any 
site in the final year.  In comparison, 
the switchgrass and miscanthus 
received an average of just under one 
application per site in 2004. 
Lodging occurred in all species at 
different sites, but was not a serious 
problem at any site.  Miscanthus 
lodging was insignificant; lodging in 
reed canary grass at Rosemaund did 
leave some plots with wet biomass at 
harvest. 
As expected, first year growth was 
insufficient to be worth harvesting 
commercially.  Yield was measured in 
subsequent years (table 2); the 
maximum yields were: switchgrass 
15.4t/ha (NL93/2, Rosemaund), 
miscanthus 17.5t/ha (Woburn clay), 
and reed canary grass 8.7t/ha (Bamse, 
Rosemaund).   
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Harvest 2002 4/2/3 12/2/3 21/1/3 5/12/2 17/12/2 8/1/3 6/2/3 16/1/3 31/1/3 17/12/2 
date 2003  16/12/3 21/1/4 17/12/3 18/12/3 15/12/3 20/2/4 19/2/4 22/1/4 19/12/3 

 2004  9/12/4 7/12/4 6/12/4 14/12/4 3/12/4 2/12/4 1/12/4 8/12/4 13/12/4 
            

SED 2003  1.152 1.398 0.6648 0.6437 1.216  0.8321 1.184 0.7743 
 2004  1.412 1.155 0.5065 0.5186 1.665  1.237 0.6005 1.153 
            

Palaton 2002 2.93 6.13 5.01 5.68 3.18 3.40 7.57 7.35 3.30 2.95 
 2003  4.73 7.31 5.23 5.27 5.05 7.83 8.20 4.68 5.27 
 2004  5.42 6.13 4.87 4.60 4.35 7.40 5.04 5.34 5.40 
            

Bamse 2002 6.23 5.39 5.79 5.97 3.80      
 2003  3.86 8.74 5.76 6.38      
 2004  3.70 7.59 4.39 4.18      
            

CIR 2002 6.41 4.90 2.88 5.55 6.16 2.97 * 1.50 * 2.79 
 2003  6.69 7.16 8.23 9.13 6.83 3.91 5.23 * 9.04 
 2004  6.02 10.02 8.93 8.75 6.05 6.82 6.07 * 7.90 
            

Shelter 2002 * 5.27 2.43 5.47 5.03      
 2003  7.01 6.57 8.26 8.79      
 2004  7.98 8.08 9.15 9.17      
            

Kanlow 2002 * 2.76 * * *      
 2003  5.20 8.11 5.91 4.64      
 2004  6.89 9.44 9.17 10.55      
            

NL93/2 2002 * 5.46 5.52 5.03 10.07      
 2003  8.66 10.77 9.31 9.90      
 2004  10.01 15.36 10.94 14.58      
            

Miscanthus 2002 1.42 0.58 * 1.77 7.30 2.40 * 1.42 1.81 5.45 
 2003  3.79 * 7.86 11.40 5.10 * 5.33 9.24 14.60 
 2004  6.99 * 14.58 15.27 11.22 * 11.90 14.02 17.54 

Table 2.   Yield (at 100% DM) of each treatment/site/year combination.  The harvest date is 
shown at the top of the table.  Maximum SED; 2002=3.11, 2003=2.10, 2004=2.57. * treatment 
failed.  The yields are the means of the replicates at each site.  The SED’s are given for each site 
where there were enough successful replicates for analysis, for the yields in 2003 and 2004. 
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It is likely that the reed canary grass 
would have responded positively to 
more nitrogen, however the precise 
requirements are unknown at present.  
The miscanthus and switchgrass take 
several years to reach full yield 

potential, and the miscanthus yield at 
all sites increased each year.  The 
mean increases for miscanthus from 
first to second and second to third 
harvests were 5.23 and 4.89t/ha 
respectively across all sites.  

 

 
 
Fig 2.  Miscanthus, reed canary grass and switchgrass growing at Invergowrie 
.
The switchgrass yields increased at 
most sites each year. The largest yield 
increases were at the sites where the 
crops had established poorly, e.g. the 
Cave in Rock at the Woburn micro site 
increased by 6.25t/ha from the first to 
second harvest.  The highest yielding 
switchgrass variety was the lowland 
ecotype NL93/2, which averaged 
9.63t/ha across three harvests and four 
sites. In comparison, Shelter averaged 
6.93t/ha and Cave in Rock 7.04.  
Kanlow (which established the most 
patchily) averaged 7.97t/ha across 
three sites and two harvests compared 
with 11.81t/ha for NL93/2 across the 
same sites and years.  The highest 

yielding Cave in Rock site (mean of 
second and third harvests) was Woburn 
main site (8.94t/ha). The lowest 
yielding site was High Mowthorpe 
(5.37t/ha).  The switchgrass also 
yielded poorly at Invergowrie 
(5.65t/ha), the most northerly site.  At 
both these sites the reed canary grass 
had a greater yield (7.62t/ha and 
6.62t/ha respectively).  At all other 
sites Cave in Rock out yielded Palaton 
(yield meaned across second and third 
harvests).  
 
Reed canary grass reaches full yield 
potential in fewer years.  The yield 
decreased between the second and 
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third harvests at six sites with Palaton 
and all four sites with Bamse. The 
decreases at most sites were small, and 
most likely reflect nitrogen deficiency 
rather than a decrease in yield 
potential.  The mean yield (over four 
sites and years 2-4) of Bamse 
(5.46t/ha) was close to the mean 
Palaton yield (5.30t/ha) at the four sites 
where both treatments were grown for 
all four years. 
 
The miscanthus had the highest yield 
of the three species (mean of first, 
second and third harvests) (12.53t/ha, 
Woburn micro site).   The switchgrass 
NL93/2 at Bridgets outyielded the 
miscanthus each year at that site.  At 
Rothamsted and Woburn (sand site) 
the mean yields over three years of 
NL93/2 outyielded the miscanthus by 
small amounts. 
 
Statistical analysis has failed to 
determine relationships between soil 
type or the meteorological parameters 
recorded and yields. There is an 
indication that there were some effects, 
but the dataset was insufficient to 
prove them.   
 
The mean miscanthus moisture content 
across all sites and three harvests was 

51.6%; 39.7% was the mean of both 
reed canary grass varieties, 49.4% for 
the lowland switchgrass ecotypes and 
28.8% for the upland ecotypes.  With 
commercial harvesting the crops might 
be left to dry in the field between 
mowing and baling, and the 
miscanthus would usually be harvested 
latter in the spring when the moisture 
content had further reduced.  In the 
2003 season all harvesting was 
complete by the 20th February 2004, 
and in the 2004 season by the 9th 
December 2004. 
 
Estimates of the commercial costs of 
growing the crops during the project 
were collected, and the margins and 
costs calculated for the four years and 
projected to a 20 year lifetime.   The 
year 1 establishment costs are shown 
in table 3. The miscanthus was clearly 
the most expensive to establish, even 
with the £920/ha planting grant.  With 
time it is expected that the cost of the 
rhizomes will drop, and if so it would 
be expected that the planting grant 
would be reduced.  The reed canary 
grass was slightly cheaper than the 
switchgrass to establish, but both were 
much cheaper than the miscanthus. 
 

 
  Mean Minimum Site Maximum Site 

Reed canary 
grass 

VC 115.28 79.05 High Mowthorpe 187.35 Bridgets 

 TC 266.01 200.40 Woburn micro 324.85 Bridgets 
Switchgrass VC 128.86 87.55 High Mowthorpe 195.85 Bridgets 
 TC 280.40 208.90 Woburn micro 333.35 Bridgets 
Miscanthus * VC 622.62 602.80 Rothamsted 670.00 Bridgets 
 TC 859.90 830.70 Woburn micro 890.55 Bridgets 
 
Table 3. Establishment variable (VC) and total (TC) costs in the first year. * Includes £920/ha 
planting grant. 
 
The costs per ton and per unit of 
energy over a 20 year plantation 
lifetime are shown in Fig 3.  Data from 
the three most profitable sites for each 
crop have been meaned.  Over 20 years 
the most significant costs are the 

harvesting costs (which are within the 
‘other costs’) and the fixed costs. 
Contractor’s costs have been used for 
the machinery costs, so that in theory 
the farm could get rid of all machinery 
and labour.  The fixed costs used in 
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this study (£180/ha/yr) represent the 
rental value of the land, they do not 
cover all the fixed costs typical of UK 

farms with full labour and machinery 
costs.   
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Figure 3.  The estimated mean costs per ton (left hand axis) and per GJ (right han
d axis) of the three species at the three most profitable sites for each crop. Based on a 20yr 
plantation lifetime and the other assumptions used to compile table 12.  The most profitable sites 
for reed canary grass were High Mowthorpe (cv Palaton), Rosemaund (cv Bamse) and 
Invergowrie (cv Palaton). For Switchgrass the most profitable sites were Woburn (sand site, cv 
NL93/2), Rosemaund (cv NL93/2) and Rothamsted (cv NL93/2), and for miscanthus Woburn 
(clay site), Woburn (sand site) and Rosewarne.
  
The costs per ton are very similar 
between the switchgrass and 
miscanthus. 
 
The aims and objectives of this project 
have been achieved, however the 
failure of some treatments to establish 
at some sites made detailed statistical 
analysis difficult.  A great achievement 
of the project overall has been the 
successful establishment of 
switchgrass and miscanthus as far 
north as Scotland, and the 
demonstration of switchgrass as a 
viable alternative to miscanthus.   
 
The two sites at Woburn on two 
contrasting soils (sand and clay) 
demonstrated that all three species can 

grow similarly and successfully on 
both soil types.   
 
The fieldscale studies in phase two 
proved that reed canary grass and 
switchgrass can be successfully grown 
with commercial agricultural 
equipment on a larger scale, however 
the work at Rosemaund also 
highlighted again that there are 
problems with establishment.  The 
work has usefully provided sites for 
the fertilizer requirements of reed 
canary grass and switchgrass to be 
studied in detail within the Supergen 
project. 
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Conclusions 
·  Switchgrass can be difficult to 
establish, but is cheap to grow and can 
yield very well at southerly locations. 
With time more reliable establishment 
techniques should be possible.  The 
profitability competes with 
miscanthus.  The switchgrass cost 
between £30 and £57/t to produce.  All 
four varieties grown showed good 
potential, but NL93/2 was the most 
successful.  There were no serious pest 
or disease problems. 
·  Reed canary grass is cheap and 
more reliable to establish, but requires 
nitrogen fertilizer for full yield 
potential to be reached, and also can 
suffer from pest attack.  There were no 
significant disease problems.  Full 
yield potential appears to be less than 
the other two species, and as a result 
the costs of production are higher.  
Reed canary grass did well at more 
northerly latitudes.  Grass weed 
control in the crop is potentially 
difficult.  The reed canary grass cost 
between £43 and £73/t to produce.  
There was little difference between the 
two varieties grown. 
·  Miscanthus is expensive to 
establish but yields well. In this project 
there were problems with 
establishment, however we believe 
that current commercial systems are 
more reliable.  The miscanthus cost 
between £30 and £63/t to produce.  
There were no significant pest or 
disease problems. 
 

Overall: 
·  The crops performed similarly on 
the two contrasting soil types at 
Woburn. 
·  The fieldscale studies 
demonstrated that successful 
establishment of reed canary grass and 
switchgrass with commercial 
equipment is possible. 
·  The full yield potential and 
productivity of the crops has not been 
demonstrated due to the cessation of 
the project.  Continuation of the work 
would be beneficial. 
·  Further work on establishment and 
management for biomass supply 
(harvest date) is required to optimize 
the potential of switchgrass. 
·  Some plots were successfully used 
in another study. 
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