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Evaluation of reed canary grass for different
end-uses and in breeding
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Traditionally reed canary grass (Phalaris arundinacea L.) has been cultivated for forage, but current-
ly is a new non-food crop in northern Europe. The aim of this study was to evaluate reed canary grass
germplasm, elite and wild populations, for non-food, forage and seed production. An index com-
posed of different agronomic traits was used to establish the best populations for each end-use. Pop-
ulations were also ranked according to biomass or seed yield only. Non-food cultivars have not yet
been developed, but results from this study suggest that some high biomass forage cultivars could be
used in non-food production. However, local populations possessed a desirable combination of traits,
including higher proportion of straw associated with high biomass yield. This study indicated that
local populations could be used in non-food crop breeding together with elite material. Some evi-
dence for the potential of populations for forage production was also noted, mainly through leaf area
and leaf proportion measurements. High non-food or forage indices were associated with good seed
production in some populations. Results help in selecting appropriate cultivars for non-food use,
which is currently important as the cultivated area of reed canary grass for biofuel in Finland is
anticipated to be 75 000 hectares by 2010.

Key words: breeding methods, non-food products, Phalaris arundinacea, seed production, wild pop-
ulations

Introduction

Reed canary grass (Phalaris arundinacea L.;
hereafter RCG) has been grown for forage, es-
pecially in North America, and more recently,
for non-food use, i.e. bioenergy and paper pulp,
in northern Europe (Landstrom et al. 1996,
Pahkala 1997). In Finland, RCG was bred for

forage in the 1970s, but no domestic cultivars
were released, mainly because of their high al-
kaloid content (Ravantti 1980). Currently for-
eign, low alkaloid cultivars are available (Sheaf-
fer et al.1990), which makes RCG a potential
alternative forage crop for Finland. The only for-
age cultivar developed in the Nordic countries
is ‘Lara’ from Norway released in 1992 (Marum
and Solberg 1993). During the early 1990s, non-

© Agricultural and Food Science in Finland
Manuscript received July 2003

111


mailto:mia.sahramaa@mtt.fi

AGRICULTURAL AND FOOD SCIENCE

IN FINLAND

Sahramaa, M. Reed canary grass for different end-uses and in breeding

food production of RCG was suggested and
breeding began with evaluation of RCG germ-
plasm and crop management research at MTT
Agrifood Research Finland, Jokioinen. On the
basis of that work, the first domestic non-food
cultivars will be released in about 2010 by Bo-
real Plant Breeding Ltd.. In Finland RCG culti-
vation has been insignificant to date (<1500 hec-
tares), but it is currently suggested that 75 000
hectares be cultivated for bio-fuel by 2010 (Lei-
nonen et al. 2003). Large-scale cultivation of
RCG needs adapted cultivars and domestic seed
production. Furthermore, possible risks associ-
ated with cultivation should be considered be-
fore its cultivation takes place on a large-scale.

Special traits of RCG must be taken into ac-
count in breeding. RCG is a native grass in Fin-
land, and like many other forage crop species is
naturally cross-pollinated and is highly hetero-
zygous. The species is a largely self-sterile al-
lotetraploid (n = 14) (Ambastha 1956, Starling
1961), which forms bivalents during meiosis and
is therefore, considered to be a functional dip-
loid. Inbreeding of RCG leads to a decrease in
vigour similar to that for other cross-pollinated
diploid plants. In addition to sexual propagation,
RCG easily spreads vegetatively by means of
dense vigorous rhizomes.

The first step in the breeding programme was
determination of an RCG ideotype for non-food
production and breeding objectives (Sahramaa
and Hommo 2000). The most important breed-
ing objective was high dry matter (DM) yield,
which was shown to have the greatest effect on
the economics of production (Klemola et al.
2000). A new harvest method, delayed harvest,
was considered most suitable for northern grow-
ing conditions (Landstrom et al.1996, Pahkala
1997). In this system the grass stands are left
over winter and senesced grass harvested in the
early spring, before appearance of new green
shoots. DM yield of spring harvested RCG was
reported to exceed 10 t DM ha-!. Furthermore,
straw containing low mineral concentrations
(ash, silica, potassium) was shown to be best for
non-food purposes (Saijonkari-Pahkala 2001).
Minerals interfere in the pulping process (Sai-
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jonkari-Pahkala 2001) and in combustion, potas-
sium lower the ash softening point and chlorine
increase the corrosion risk in steam boilers
(Flyktman 2000). Therefore, a plant stand should
contain many tall, strong and unbranched stems.
High biomass yield and high stem proportion
(without leaves, nodes or shoots) were associat-
ed according to results from a previous study
(Sahramaa et al. 2003). This would allow simul-
taneous improvement of those traits through
plant breeding. In contrast to stem proportion,
the number of leaves should be low in an opti-
mal RCG plant, as leaves contain the highest
mineral concentrations (Sahramaa and Hommo
2000, Saijonkari-Pahkala 2001). However, when
RCG is harvested in spring the leaf mass is nat-
urally lower following shattering during winter
and harvest. Number of branches originating
from stem nodes should also be low, as they re-
main green for a long time and comprise mainly
leaves, low-quality material for non-food purpos-
es. Stem branches develop when RCG is not cut
during late summer (Evans and Ely 1941) as it
is the case in non-food production where delayed
harvest is used. Contrary to leaves, stem branches
are not usually shattered during winter. Another
important breeding objective was good winter
hardiness, which guaranteed fast and even
growth in spring. Resistance to pests and dis-
eases was important in seed production, as lar-
vae of leafthoppers (Balclutha punctata F.)
(Vasarainen et al. 1999) and ergot (Claviceps
purpurea (Fr.) Tul.) caused serious damage to
RCG panicles during some years. In seed pro-
duction the main breeding objectives were high
seed yield, even seed ripening, low seed shatter-
ing, good germination and high thousand seed
weight (Sahramaa et al. 1997). This study was
aimed at evaluating RCG populations for non-
food, forage and seed production. The objective
was to identify best populations for each end-
use by means of yield only and by establishing
indices from multiple traits. Indices were derived
from sixteen agronomic traits for 75 populations.
Furthermore, suitable breeding methods for RCG
were suggested.
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Material and methods

An RCG field experiment was established in
Jokioinen, southern Finland (60°49°N), in 1994
comprising mainly local populations (53) from
different areas of Finland and from breeding
lines (14) and cultivars (8) (Table 1). Various ag-
ronomic traits of these populations were evalu-
ated in 1995-1998 (Table 2) in a randomized
complete block design with four replicates. Plot
size was 1.25 m? and the distance between plots
was 2.5 m. Two replicates were established on
an organic soil and two on clay soil. Nitrogen
fertilizer was 40-70 kg N ha' depending on soil
type and year. In 1996 to 1998 biomass yield
(t DM ha') was harvested once in May before
the onset of the new growing season. Proportions
of plant fractions (%) were measured from 25
stems harvested in spring 1996. Single stems
were divided into four parts: straw, leaves and
leaf sheaths, nodes and shoots. Panicle number
per square meter was measured in each plot by
using a frame 23 cm in diameter. Measurements
were done at the end of anthesis in 1995 to 1997.
Leaf area index (LAI) of the canopy was meas-
ured using a LICOR-2000 canopy analyzer at
eight points within a plot area in 1995. Seed rip-
ening was determined as a requirement for ef-
fective temperatures sum (°C dd, days of degree)
from the beginning of the growing season. Seed
was defined ripened, when inflorescence and
stem below it had turned yellow, seeds were ful-
ly matured and shattering has started from the
top of the inflorescence on 80% of the plants.
Plant height (cm) was measured at seed ripen-
ing stage from soil surface to the top of the pani-
cle from three plants in each plot in 1995-1997.
Overwintering ability (%) was determined visu-
ally for each plot after spring harvest in 1995-
1998. In 1995, seed yield, seed shattering, thou-
sand seed weight, germination, panicle length
and panicle weight were measured from each
plot in one replicate 11-13 days after complete
anthesis (DAA). A detailed description of the
field experiment, plant sampling and analyses
of each trait was reported by Sahramaa and
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Jauhiainen (2003) and Sahramaa et al. (2003,
2004).

Statistical methods

Data for each trait were analysed using ANOVA
models for randomized complete block designs.
Multiple agronomic characters were combined
together into three indices: non-food index (IN-
DEX,;), forage index (INDEX) and seed pro-
duction index (INDEXg;). Each index (I) of the
population was constructed as follows: I = br,
+b,r, + b,r;+...where b’s were the weight of each
trait and r were the ranks derived from the esti-
mated means of the traits. Poorest population had
rank value 1 and the best population had rank
value 75. Appropriate weight for each character
was given according to correlations between the
different characters and its economic importance.
Information from this and previous RCG stud-
ies was used to select and weight the traits for
each end-use. Factor analyses and Pearson cor-
relation coefficients (Sahramaa et al. 2003) were
used to identify associated traits for non-food
and forage index. Factor analysis revealed which
variables were related to high biomass, how
strong the relation was and how the variables
were correlated. Biomass yield, straw fraction,
panicle number, plant height and node fraction
had positive relationship and they were selected
to non-food index with highest weights. The
non-food index included seven traits as follows
reaching a maximum value of 356.25 points:
INDEXr = 1.251pyy504 + 1.00r +
0.751 nicte mumber + 0-751 +
0.257 e ripening + 0-25Tgyerwintering

Correlation analysis revealed a positive cor-
relation between LAI and leaf fraction and be-
tween LAI and shoot fraction. The forage index
included seven traits (maximum 300 points):
INDEXF = l'oorleaf area index + 0'75rleaf fraction +
0.75tppyie1a + 0-75T e ripening T 0-251 +
0258 e mamer + 025 ervinrng

Spearman correlation coefficients were used
to select traits for seed production index (Sah-
ramaa et al. 2004). Results revealed a positive

straw fraction

+ 0.50r

plant height node fraction

shoot fraction
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relationship between seed yield, thousand seed
weight, germination, panicle length and panicle
weight and a negative relationship between seed
yield and seed shattering. They were all select-
ed to seed production index with equal weights
(maximum 525 points). Seed traits were meas-
ured at the most favourable harvest time (11-13
days after anthesis) determined for RCG, except
panicle number, which was determined at anthe-
sis in 1995 (Sahramaa et al. 2004). INDEX, =

rseed yield + I‘lhousand seed weight +r
+r +r

germination + rpanicle length +

rp;micle weight panicle number seed shattering

Results

Non-food index

The best population according to the non-food
index was the Finnish breeding line Jo 0510,
which had a very high biomass yield, was tall,
early maturing and had many panicles (Table 3).
The same traits were characteristic of the most
suitable cultivars for non-food use, Vantage, Per-
venets, Palaton, Venture and Venture bulked once
in Finland. In general, cultivars and breeding
lines had above average non-food indices main-
ly because of their high biomass yield. Foreign
breeding lines SW2, SW3, SW4 and SWS5 had
particularly high indices, although their straw
yields were low. Breeding lines SW91065 and
SW91066 had moderate non-food indices, al-
though they had quite low overwinter percent-
age (83%) and they matured late. RH26B from
Helsinki was the best of the local populations
according to the non-food index. It had high bi-
omass yield, a moderate amount of straw and
many panicles. Other promising local popula-
tions were RH50, RH77, RH80, RH83 and RH87
from Ostrobothnia. They had a high proportion
of straw associated with quite high biomass
yield, which was pronounced especially in RH50
(62.5%, 13 443 kg ka ha!). The most promising
population from East Finland was RH41 (Tuus-
niemi), which was among the best ten for non-
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food index. It had moderate biomass yield, which
was associated with a high straw proportion.
RH30 and RH36 were other local populations
from eastern Finland, which had quite high non-
food indices. However, their biomass yield was
low, although straw yield was high.

Forage index

Forage index was most determined by leaf area,
DM yield, leaf proportion and earliness. Local
Finnish population RH13 from the southern coast
had the highest forage index overall (data not
shown). It had moderate biomass yield, high LAI
value, high shoot proportion and high panicle
number. The two local populations, RH22 (Ja-
nakkala) and RH27 (Tammela), had moderate bi-
omass yield, high LAI value and shoot propor-
tion and they were early maturing. The Finnish
breeding line Jo0150 was fourth in terms of for-
age index. It had high biomass yield, a moderate
LAI value, high shoot proportion and panicle
number and was early maturing. Other local pop-
ulations with high forage indices came from
Ostrobothnia (RH46, RH83, RH87). Their char-
acteristics were moderate biomass yield, high
leaf proportion and high LAI value. From the
elite material, cultivars Motterwitzer and Per-
venets and breeding line SW5 were among the
twenty best according to forage index.

Seed production index

Seed production indices were compounded
equally of seven traits: seed yield, thousand seed
weight, germination, panicle length, panicle
weight, panicle number and seed shattering (Ta-
ble 4). Wild populations, RH26B from Helsinki
and RHY from Pyhiranta, had the best seed pro-
duction indices. They had high seed yield and
long and heavy panicles. Other local populations
among the best ten were RH47 (Jalasjirvi),
RH50 (Merikarvia), RH33 (Juva) and RH85
(Munsala). RH50 and RHS85 had particularly
high seed yield and high thousand seed weight.
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From the selected material the cultivars Palaton
and Vantage, as well as breeding lines SW91065
and Jo0510, were the best. Seed production in-
dex was lowest for RH4 (Loimaa), SW1 (Swe-
den), RH40 (Liperi), RH20 (Kalvola) and RH89
(Rovaniemi). Seed production indices of elite
material were generally higher than those of lo-
cal populations, being mainly above the average,
with few exceptions (SW1, SWD33, SWG63,
Barphal).

A few populations had both high seed pro-
duction and high non-food indices. Those were
local populations RH26B (Helsinki), RH13
(Lemu), RH36 (Kerimiki), RH50 (Merikarvia)
and RH87 (Voyri), breeding lines Jo0510,
SW91065, SW91066 and cultivars Palaton, Per-
venets, Vantage and Venture. Populations with
high seed production index and high forage in-
dex were local populations RH13 (Lemu), RH27
(Tammela), RH47 (Jalasjirvi) and RH87 (Voyri),
breeding line Jo0510 and cultivars Motterwitzer
and Pervenets. Some populations had high indi-
ces for each end-use. These included RH13,
RHS87, Jo0510 and Pervenets. Of those popula-
tions RH13 had high biomass yield, but poor
germination. RH87 had high biomass yield, high
LAI value and high straw fraction. Jo0510 and
Pervenets were very high yielding, tall, early and
had many panicles.

Biomass and seed yield

When high biomass yield was used as the only
selection criterion, cultivars and breeding lines
were best, especially Barphal, Jo0510, Motterwit-
zer, Pervenets, Vantage, SWG63, SW2, SW3,
SW4, SW5 and SWB17 (Table 5). RH32 (Mikke-
li) and RH47 (Jalasjéarvi) had the highest biomass
yield of the local populations (14 170 kg ha,
13 911 kg ha'!). Other local populations with high
biomass yield included RH26B (Helsinki), RH27
(Tammela), RH50 (Merikarvia) and RH66 (Val-
timo). These local populations had on average
435-1701 kg ha! higher DM yield than cultivar
Palaton. Populations from Lapland (RH89, RH90,
RH109) had the lowest DM yield in Jokioinen.
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At favourable harvest time (11-13 days after
anthesis) seed yield was highest with local pop-
ulations RH26B, RH85 and RH9 (>0.6 g) (Ta-
ble 4). Overall, cultivars and breeding lines had
the highest seed yield with few exceptions (SW1,
SW91066, SWD33) and wild populations the
lowest. Although Rival had the highest seed yield
of the cultivars, it was just among the best third
in seed production index and performed poorly
for non-food and forage indices. RH9, which had
very high seed yield, was poor for non-food and
food indices.

Discussion

|dentification of best populations

Agronomic performance is a sum of several traits
and therefore an index was calculated for each
end-use. When breeding aim is improved non-
food, forage or seed production, selection is ap-
plied to several characters simultaneously and
not just to one, because economic value depends
on more than one character. Some populations
met the breeding objectives determined for a
non-food plant very well. In this study, popula-
tions with favourable combinations of traits such
as high biomass yield and high proportion of
straw were identified through the non-food in-
dex, and included local populations RH26B,
RHS83 and RHS50. Surprisingly, cultivars and lo-
cal breeding line Jo0150 had high non-food in-
dices, although they were initially bred for for-
age. That was mainly because of their high bio-
mass yield, which had the greatest impact on the
index. Currently the most commonly grown cul-
tivar in Finland is Palaton. The greatest differ-
ence was recorded for Barphal, Motterwitzer,
Pervenets and Jo0150, which produced > 2 t ha!
higher biomass than Palaton. As the plant stand
grew untouched during the entire growing sea-
son until the following spring, elite germplasm
appeared to benefit most from unlimited biomass
growth potential. Leaves were shown to be the
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Table 5. Biomass yield (DM kg ha!) and seed yield (g per panicle) of best and poorest reed canary grass populations in an

experiment conducted at Jokioinen, Finland in 1995-1998.

Biomass yield" Seed yield?
rank Population DM yield kg ha! Population Seed yield g panicle’!
1 Barphal 15 049 RH26B 0.713
2 Jo0510 14 998 RH85 0.658
3 Motterwitzer 14 468 RH9 0.617
4 Pervenets 14 424 Rival 0.581
5 SWG63 14 268 Jo0510 0.549
6 Vantage 14242 SW9I1065 0.533
7 RH32 14 170 RH50 0.522
8 RH47 13911 Pervenets 0.514
9 SW5 13739 Palaton 0.498
10 SW3 13510 RH71 0.491
11 RH50 13 443 RHI13 0.490
12 SWB17 13211 SW4 0.485
13 RH26B 13 196 RH60 0.482
14 Sw4 13 124 RH33 0.480
15 SwW2 13091 SW5 0.478
16 RH66 13 047 RH47 0.461
17 SWI91 13 029 SW3 0.443
18 SW91066 13010 SWB17 0.442
19 RH27 12711 RH49 0.441
20 SW91065 12 624 RHS88 0.440
25 Palaton 12 289
66 RH60 9 690 RH90 0.230
67 RH48 9622 RH109 0.228
68 RH108 9461 RH89 0.223
69 RHS81 8960 RH23 0.222
70 RH36 8957 RH79 0.220
71 SWi1 7624 RH51 0.206
72 RH75 7130 RH20 0.204
73 RHS89 6701 SW1 0.204
74 RH109 6559 RH40 0.149
75 RH90 5856 RH75 0.146

U Biomass yield harvested in spring 1996-1998
2 Seed yield harvested 11-13 days after anthesis in 1995

lowest quality material for non-food purposes
(Sahramaa and Hommo 2000, Saijonkari-Pahka-
la 2001) and thus, LAI or leaf proportion was
not included in the index. Furthermore, high LAI
value was negatively correlated with biomass
yield at spring harvest (Sahramaa et al. 2003).
However, neither LAI nor leaf proportion were
assigned a negative value for non-food index, as
they are significant in plant photosynthesis and
in total DM production. An ideal RCG should
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contain leaves even for non-food production. As
non-food RCG cultivars have not yet been de-
veloped, some forage cultivars could be used for
non-food production. Excessive leafiness was not
a problem with forage cultivars because dense
plant stands decreased leaf growth and during
winter and harvest leaves shattered naturally.
Other traits affecting the final non-food index
were panicle number, plant height, node propor-
tion, overwintering and seed ripening. Panicle
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number and plant height were positively corre-
lated with biomass yield (Sahramaa et al. 2003)
and thus their contribution to the index was quite
substantial. Populations with the highest non-
food index were usually tall and they had dense
growth habits.

The value of the forage index in this study
was slight because experimental measurements
were originally designed for non-food produc-
tion. For example, biomass was harvested only
once in spring although for forage production, it
would be harvested several times during the
growing season. Yet, the simple forage index
used here provided some evidence of the poten-
tial of the populations for forage production.
Populations with high LAI and leaf proportion,
associated with moderate biomass yield, could
be included in the forage trials to establish their
value. Additional studies are needed on digesti-
bility values, possible anti-quality factors and
biomass yield during several harvests. High al-
kaloid concentration of RCG has caused antinu-
tritional effects in animals (Marten et al.1973,
1976). In a study of @strem (1987), considera-
ble variation was found in total alkaloid concen-
tration among collected local populations of
RCG. Furthermore, high heritability values in-
dicated that it should be possible to select low-
alkaloid genotypes (@strem 1987). In this study,
populations with high forage index had substan-
tial biomass, high LAI values and an average
proportion of leaf and shoot proportion. The
greatest impact on the forage index was provid-
ed by LAI, which described the leafiness of the
plant stand at inflorescence emergence. Leafi-
ness of forage grasses is an important factor as
it is usually associated with digestibility (Mo-
wat et al. 1965). In a previous study LAI was
found to be correlated with leaf and shoot pro-
portion, but not with biomass yield (Sahramaa
et al. 2003). Earliness was also of quite high
value in the forage index, as early RCG geno-
types were the most digestible when analysed at
early inflorescence emergence (@strem 1988a).
Local Finnish populations managed better in
forage index than cultivars initially bred for for-
age. The best local populations tended to have
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moderate biomass, high leaf proportion and high
LAI values. One reason for their higher index
might have been better adaptation to local con-
ditions than foreign cultivars. Characteristics of
the elite material were high biomass yield, high
shoot proportion, panicle number and early mat-
uration.

The seed production index formulated in this
study comprised seven traits. An indication of
the relationships between those traits was estab-
lished in a previous study, where high seed yield
was associated with high panicle number, pani-
cle length, panicle weight, germination, thousand
seed weight and low seed shattering (Sahramaa
et al. 2004). This indicates that breeding for seed
production should be effective because selection
for one trait affects other traits positively. Fur-
thermore, other studies showed high heritability
estimates for major components of seed yield
(Bonin and Goplen 1966, @strem 1988b). In this
study, cultivars and breeding lines represented
elite germplasm bred for seed production traits
to at least some extent. Cultivars exceeded local
germplasm in overall performance according to
seed production traits, usually being above the
average value. Yet, it was apparent that local
RCG germplasm may possess a desirable com-
bination of seed production traits as populations
with the highest indices were wild populations.
The seed production index of some populations
was also associated with high non-food and for-
age indices.

In summary, an index offered an additional
tool for identifying promising populations from
RCG germplasm for different end-uses, which
could then be examined in greater detail. Yield
had the greatest impact on non-food and forage
indices, as it was shown to be the most impor-
tant factor in economical production. However,
selection based on index or yield information
also indicated poor populations, which were not
ultimately suitable for production, having, for
example, too low biomass yield, too high seed
shattering or poor germination. That was also the
case, when RCG germplasm from this study was
selected earlier for non-food breeding and breed-
ers’ selection was based only on phenotype and
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biomass yield. A few examples exist of forage
grasses, where selection indices have been es-
tablished to improve agronomic traits. Principal
component and factor analysis were used to find
out, which traits of RCG could be used as a se-
lection index for legume compatibility (Jones et
al. 1989). They found out that selection for high-
er DM yield, early maturity, increased height,
higher tiller density and lower rhizome spread-
ing ability should improve the legume compati-
bility of RCG. Selection indices derived from
morphological traits of RCG has also been stud-
ied in order to improve the forage yield (Casler
and Hovin 1985). Furthermore, index selection
was found to be useful in improving forage yield
and quality of switchgrass (Panicum virgatum L.)
populations (Godshalk et al. 1988). Economic
weights were determined for important forage
maize (Zea Mays L.) traits and selection indices
derived and evaluated (Mistele et al. 1994, Utz
etal. 1994). In barley (Hordeum vulgare L.) pre-
breeding, indices were used together with breed-
ers’ phenotypic evaluation (Veteldinen et al.
1997).

Suggested breeding methods

RCG can be bred similarly as other open polli-
nated herbage grasses. Selection of a breeding
method is affected by the extent and nature of
variation and trait inheritance. RCG germplasm
has been shown to be variable for many agro-
nomic traits (Sahramaa and Jauhiainen 2003,
Sahramaa et al. 2003, 2004). Many traits of RCG
are quantitatively inherited, including biomass
yield and seed yield, which heritability is usual-
ly low. The control of crosses between selected
parents improves the heritability as in the syn-
thetic method (Simmonds 1979). Most RCG re-
leased cultivars are multiple-clone synthetics
(Kalton et al. 1989a, b). The synthetic method
was also chosen when some populations from
this study were used for further breeding in Fin-
land in 1994.

In addition to synthetics, promising local
populations of RCG identified in this study,
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might be used for developing cultivars per se.
Wild populations have evolved through natural
selection during decades and they are well adapt-
ed to local conditions. Another possibility to pro-
ceed is single crosses of promising RCG geno-
types. Furthermore, development of inbred lines
and consequently, exploitation of hybrid vigour
(heterosis) in breeding has rarely been used with
RCQG, although it has been suggested (Knowles
1986). Hybrid breeding of RCG would be facil-
itated by its strong rhizomatous spreading abili-
ty and ease of vegetative propagation. A first
selection of the material of this study should be
mild because all entries were grown in one loca-
tion. Comparative trials of the best populations
should be carried out within a tentative cultiva-
tion region, which will form a basis for the esti-
mation of genotype by environment interaction
and ultimately stability.

Whatever the breeding method chosen, new
cultivars need to be tested for their distinctness,
uniformity and stability. As RCG is an open-pol-
linated, polyploid species, heterozygosity and
substantial genetic variation may cause difficul-
ties in maintaining the purity of the lines. The
value of promising RCG populations should also
be verified in large-scale non-food cultivation
and in non-food usage (combustion, paper mak-
ing). In future breeding programmes, it is possi-
ble to specify selection of parents further accord-
ing to the results of this study. Different end-
uses of RCG must be taken into account in breed-
ing as RCG performs differently if harvested
several times during the growing season or if it
is harvested only once in the spring. RCG germ-
plasm has now been evaluated quite extensively
from non-food and seed production points of
view, but if used for forage, the material needs
to be further analysed.

Conclusions

In conclusion, results of this study indicated that
RCG germplasm represents a promising source
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of material for different end-uses. Most promis-
ing local populations indicated in this study
could be developed into non-food cultivars or
used in breeding. The best forage cultivars should
be used in non-food production per se, because
non-food cultivars for RCG have not yet been
developed. Some evidence was also provided of
the potential of RCG germplasm in forage pro-
duction. Furthermore, this study showed that it
is even possible to find populations from wild
germplasm with acceptable seed production
traits combined with good non-food or forage
properties. Some populations had high indices
for each end-use and such multipurpose RCG
would allow a change in end-use according to
market situations or combine seed and non-food
or forage production. Results of this study could
be used in future breeding programmes, where
traits of elite germplasm already improved via
breeding could be combined with wild germ-
plasm representing local adaptation. The recom-
mended breeding method would be development
of synthetic cultivars, where crosses between
selected parents are controlled and heritability
improved.
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SELOSTUS

Ruokohelven soveltuvuus non-food -, rehun- ja siementuotantoon

Mia Sahramaa
MTT (Maa- ja elintarviketalouden tutkimuskeskus)

Ruokohelped (Phalaris arundinacea L.) viljellddn
yleisimmin eldinten rehuksi, mutta viime vuosina sen
kdytto bioenergian raaka-aineena on yleistynyt eten-
kin Pohjois-Euroopassa. Suomessa on tavoitteena tuot-
taa 2 TWh bioenergiaa ruokohelvestd vuoteen 2010
mennessd, mikd vastaa noin 75 000 ha tuotantoalaa.
Tissé tutkimuksessa arvioitiin ruokohelven (villi ja ja-
lostettu materiaali) soveltuvuutta eri kédyttotarkoituk-
siin: non-food -tuotantoon bioenergiaksi ja paperiksi,
rehuntuotantoon ja siementuotantoon. Parhaiden po-
pulaatioiden identifioinnissa kéytettiin apuna agrono-
misista ominaisuuksista muodostettua indeksid sekd
pelkistddn biomassa- tai siemensatoa. Non-food -tuo-
tantoon jalostettuja ruokohelpilajikkeita ei vield ole
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markkinoilla, joten rehulajikkeita viljellddn yleisesti.
Satoisat rehulajikkeet osoittautuivat melko hyviksi
myd6s non-food -tuotannossa. Suomesta keritty villi
ruokohelpiaineisto sen sijaan oli yleisesti ottaen kor-
tisempaa kuin jalostettu aineisto, mikd on non-food
-tuotannon kannalta toivottava ominaisuus. Parhailla
luonnonpopulaatioilla kortisuus yhdistyi korkeaan bio-
massasatoon, ja lupaavimmat luonnonkannat voitai-
siinkin kehittdd lajikkeiksi tai hyodyntdd kasvinjalos-
tuksen ldhtomateriaalina. Joissakin tapauksissa korkea
non-food- tai rehu-indeksi yhdistyi myds hyviin sie-
mentuotantoon. Tutkimustulokset auttavat valitsemaan
nykyisistid lajikkeista soveltuvimmat non-food -tuotan-
toon ja materiaalia kasvinjalostukseen.
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