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Abstract
The Nordic countries stretch over a large geographic area and, hence, conditions for plant
growth vary considerably across the region. The western regions along the North Atlantic
Ocean enjoy a mild maritime climate whereas continental climate prevails in the eastern part.
Temperature variations have implications for the length of the growing season and
Accumulated Day Degrees, thus influencing the timing and number of harvests in different
areas across the region. Grasslands in the Nordic region are a diverse group and their relative
importance differs greatly across countries. Thus, natural grasslands are extensive in Iceland
and play an important role for livestock production, whereas they are much less significant in
the other countries. Semi-natural grasslands are used for grazing but they are also important
for maintaining biodiversity and landscape types. Forage for winter fodder and dairy in summer
is obtained from cultivated grasslands of which short-term leys dominate in the southern
regions. Milk and beef is the dominant produce, particularly in Denmark, whereas lamb and
horse meat is a significant part of the production in Iceland. The expected climate change at
northern latitudes will result in a longer growing season and higher temperatures during the
growing season, both of which may lead to increased biomass production potential. However,
new types of stresses may offset the potential gain. This will have various implications for
adapting forage cultivars to the changing conditions both through breeding and different
management schemes.
Keywords: agricultural production, climate, forage mixtures, local adaptation, soil
Geography and the natural environment
The Nordic region consists of the Nordic countries, the Faroe Islands, Greenland and Åland.
The present paper will primarily focus on grasslands in the five Nordic countries: Denmark,
Finland, Iceland, Norway and Sweden. These countries stretch over a large geographic area
from 54° 58' N in the south of Denmark to 71° 08' N in Northern Norway, and from 24° 32' W
in the west of Iceland to 31° 35' E on the eastern border of Finland with Russia (Figure 1).
There are currently around 25 million inhabitants, making the region one of the most sparsely
populated parts of the world. Iceland thus has around 3 inhabitants per km-2, Sweden, Norway
and Finland each have 16–23 inhabitants km-2 whereas Denmark has 130 inhabitants km-2, a
value close to the EU mean.
Climatic conditions
Conditions for plant growth vary considerably across the region, reflecting its wide geographic
spread. The Gulf Stream brings warm sea from the Gulf of Mexico into the North Atlantic
Ocean resulting in a milder climate than could otherwise be expected from the geographic
location. However, various factors can affect the temperature as indicated for example by the
Grassland Science in Europe, Vol. 19 - EGF at 50: the Future of European Grasslands
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10 °C isotherm line in July, which falls below the Arctic Circle in Iceland but stretches well
beyond in Northern Scandinavia (Figure 1). The difference in daily mean temperature during
the warmest period in summer between the warmest (e.g. Helsinki, FI) and coldest agricultural
areas (e.g. Akureyri, IS) is thus around 7 °C and temperature can vary up to 5 °C between
coastal areas (Reykjavík, IS) and inland (Kajaani, FI) at the same latitude during summer
(Figure 2). Temperature variations have implications for the length of the growing season and
Accumulated Day Degrees, thus influencing the timing and number of harvests in different
areas across the region. The growing season can be defined as the number of days from when
the daily mean temperature exceeds 5 °C in spring and falls below 5 °C in autumn (SNP, 1992).
The length of the growing season varies thus from around 230 days in the south west, to around
125 days in the northern-most and high altitude regions where agriculture is at its limit (Table
1). Similarly Accumulated Day Degrees (Tsum >5 °C) are currently only around 640 in
Reykjavík (IS) compared to 1732 in Tranebjerg (DK), and 1020 – 1150 at Værnes (NO),
Holmögadd (SE) and Kajaani (FI), which are at comparable latitudes to Reykjavík.

Figure 1. The Nordic region showing the Arctic Circle (broken line) and the 10 °C isotherm for July (solid line).
Letters show geographic locations of sites listed in Table 1.

Temperature conditions during autumn and winter vary similarly across the region, both from
north to south and from coast to inland at the same latitude (Figure 2). In the more maritime
regions winters are often relatively mild with mean temperatures during the coldest month
varying from around 2 °C in Sola (NO) and Tranebjerg (DK) to -3.5 °C in Tromsø (NO). Here,
winters are characterised by unstable snow cover and frequent freeze-thaw cycles. In the more
continental regions to the east of the Norwegian mountain range temperatures during winter
are, on the other hand, much lower ranging e.g. from around -5 °C in Helsinki (FI) to -13 °C
in Sodakylae (FI) resulting in much more stable winters. Such varying conditions during winter
have different implications for winter damages of grasslands across the region.
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Soil conditions
Most soil types in the Nordic countries are formed on glacial materials from the last ice age
(European Commission, 2005). Large areas of Sweden and Finland are covered by a continuous
layer of glacial till dominated by podzols but these tend to be weakly developed in the
northernmost parts. In Norway, on the other hand, the glacial till is thin and discontinuous,
exposing large areas of bare rock, and varying both in texture and nutrient value. Smaller areas
of sandy glacio-fluvial deposits can be found in all three countries. In the low-lying coastal
areas along the Gulf of Bothnia silty and clayey deposits are common, while marine and river
deposits around fjords and in valley bottoms are most important parent materials for the
agricultural soils in the middle and southern parts of Norway. Peat covers around 15% of the
area in Finland and Sweden, while in Norway peat soils constitute a considerable part of
agricultural land in the western and northern part, all of which is used for grassland. Peat soils
are acidic, of low nutrient value and have to be drained. Land use in Sweden is dominated by
forestry (56% of land) while agriculture covers approximately 7% of the area. The best soils
are mainly used for growing cereals and oil crops, while grassland production most often occurs
on the better soils in forested areas, or poorer soils in otherwise crop dominated areas. In
Denmark Podzol forms a continuous block over nearly the whole western half of Jutland. The
sandy Podzols in the far west are unfertile and limit agricultural activity unless heavily
fertilized and limed. These regions were almost all covered by heath until the beginning of the
20th century. In the eastern part of the country Haplic Luvisols, the most productive soils,
predominate. Dairy farms are primarily placed on loamy-sand or coarse sandy soil where the
plant available water is around 90 and 60 mm, respectively. Therefore most of the intensive
managed grasslands on sandy soils are irrigated at drought stress. Soils in Iceland originate
from parent material of recent volcanic origin, which consists mostly of basaltic tephra, and
are classified as Andosols (Arnalds, 2004). Such soils generally contain a range of pore sizes
that can retain large amounts of water. They are high in organic C and N, and have a strong
tendency to fix phosphorus. All these characteristics provide an excellent environment for root
growth (Nanzyo et al., 1993).
The role of grasslands in agricultural production and environmental protection
Extent and importance of different types of grassland
Grasslands in the Nordic region are a diverse group that can be classified in various ways
depending on their origin, vegetation type and/or current land use. In this paper we will
primarily focus on grasslands that play a role in animal husbandry. We will follow the
definition of grassland as a term that ‘bridges pastureland and rangeland and may be either a
natural or an imposed ecosystem. The vegetation of grassland in this context is broadly
interpreted to include grasses, legumes and other forbs, and at times woody species may be
present’ (Allen et al., 2011). In our discussion we will further divide grassland into three major
types with respect to origin (Hejcman et al., 2012): (i) natural grasslands dominated by
indigenous grasses and other herbaceous species; (ii) semi-natural grasslands created by longterm human intervention and with a wide range of species richness and herbage productivity;
and iii) improved grasslands established with domesticated forage species that receive intensive
management (fertilization, weed control, renovation).
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Figure 2. Estimates of mean temperature for each day of the year for the period 1986-2005 during summer
(T>5 °C) and winter (T<5 °C) for selected sites in the Nordic countries, going from south to north in the maritime
West (left) and continental East (centre), and from West to East at the same latitute of around 64°N (right) (for
information of geographic location, see Table 1 and Figure 1) (estimates based on an improved method from
Björnsson et al., 2007).
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Table 1. Geographic location, length of the growing season (T>5 °C) and Accumulated Day Degrees (° D;
Tsum>5 °C) for selected sites in theNordic countries, based on estimates of mean temperature for each day of the
year for the period 1986-2005 (Björnsson et al., 2007).
Site

A
B
C
D
E
F
G
H
I
J
K
L

Latitude

Akureyri (IS)
Bodø (NO)
Helsinki (FI)
Holmögadd (SE)
Ivalo (FI)
Kajaani (FI)
Reykjavík (IS)
Sodankylae (FI)
Sola (NO)
Tranebjerg (DK)
Tromsø (NO)
Værnes (NO)

65.7° N
67.3° N
60.3° N
63.6° N
68.4° N
64.3° N
64.1° N
67.4° N
58.5° N
55.9° N
69.7° N
63.5° N

Longitude

18.1° W
14.4° E
25.0° E
28.8° E
27.3° E
27.7° E
21.9° W
26.7° E
05.3° E
10.6° E
18.9° E
12.9° E

Growing season
Period
No. of
days
9 May – 1 Oct.
146
2 May – 19 Oct.
171
21 April – 18 Oct.
181
13 May – 20 Oct.
161
21 May – 22 Sept.
125
6 May – 3 Oct.
150
4 May – 9 Oct.
159
17 May – 21 Sept.
128
3 April – 17 Nov.
229
2 April – 21 Nov.
234
16 May – 1 Oct.
139
17 April – 21 Oct.
188

°D
669
900
1379
1028
718
1020
642
785
1391
1732
659
1145

Natural grasslands
Virtually all of Icelandic grasslands are either rangeland or pastureland and therefore important
for livestock production. There are discrepancies as to how grassland in Iceland has been
defined. In connection with the land-use related GHG emission reported to the UN-Framework
Convention on Climate Change, the Icelandic land-use category Grassland is defined as all
land with > 20% coverage of vascular plants, and not included under categories Forest land,
Cropland, Wetland or Settlement, and estimated to be 53,000 km2 or 51% of the country
(Gudmundsson et al., 2013). On the other hand, according to results obtained from the
Icelandic Farmland Database, which classifies the surface of the country into twelve different
classes based on satellite images and field research (Arnalds and Barkarson, 2003), only around
43,000 km2 or 42% of the country is vegetated (Arnalds, 2011). In the present context two of
these classes could be truly classified as natural grassland; ‘grassland’ being 2,375 km2 or 2.3%
of the country and ‘rich heath’ 6,843 km2 or 6.6% or a total of 9,218 km2 (Table 2).
Table 2. The extent of different types of grasslands (in thousand hectares) in the Nordic region.
UAA1
Denmark
Finland
Iceland
Norway
Sweden
1

2,645
2,285
130
990
3,030

Cultivated
grasslands
332
650
120
470
1,100

Semi-natural
grasslands
200
40
42
177
440

Natural grasslands
0
0
922
?
0

Utilizable Agricultural Area

These areas are characterized by low-growing vegetation of grasses, sedges, forbs and woody
perennials. They are the most valuable part of the rangelands and used for extensive summer
grazing of sheep and horses from the end of June to early September when the animals are
rounded up. Around 40% of these natural grasslands are found above 200 m and each local
community has grazing rights in the common grazing areas of the highlands. Roughly half of
the required feed for sheep and a large part of feed for horses is obtained from summer grazing
on the natural grassland.
The grazing resources of outlying fields in Norway are significant and these are currently being
surveyed. Preliminary data for a grazing period of 100 days year-1 show that about 760,000
FEm (milk feeding units) may be utilized (Rekdal, 2013). Natural grassland rarely occurs in
Sweden, Finland and Denmark.
Grassland Science in Europe, Vol. 19 - EGF at 50: the Future of European Grasslands
19

Semi-natural grasslands
The Icelandic Farmland Database defines ‘cultivated land’ as being 1,723 km2 or 1.7% of the
country (Arnalds, 2011). Of this it is estimated that around 42,000 ha are ‘abandoned crop land’
(Gudmundsson et al., 2013). Most if not all of this consists of old hayfields that have been
taken out of use, mostly because of structural changes in agricultural production over the last
few decades. In the present context these old grass fields can be defined as semi-natural
grasslands in Iceland (Table 2). Some of these have been used for hay making over centuries
but mostly they originate from the cultivation era that started around 100 years ago (Helgadóttir
et al., 2013). Even though most of the fields were originally sown with improved grass cultivars
they are now dominated by indigenous species. Such ecotypes may become valuable for future
breeding (Rognli et al., 2013a).
In Norway grasslands are defined as areas covered with grass that may be mechanically
harvested or grazed but never ploughed and that may be cultivated by fertilization, harvested
mechanically and improved by selected species (CPA, 2013). Grazing lands are assigned to
areas with at least 50% grass cover and annual grazing. Trees, stumps, and rocks may be present
but grazing is considered the most important land use form either as surface-cultivated grass
leys or unimproved grazing land (NFLI, 2011). Statistics Norway (2014) further defines the
two types of grassland management: (1) surface-cultivated pastures have shallow topsoil
layers, often with surface rocks, and can be mechanically harvested but are not ploughed, and
(2) unimproved grazing land is never mechanically harvested (or ploughed) but only grazed
and can be considered semi-natural landscapes. For the second class at least half of the area
should be covered by grasses or palatable herbs and enclosed by a fence or a natural barrier. It
must also be grazed or harvested at least once a year to be eligible for subsidy support (Kynding
Borgen and Hylen, 2013). Such areas will also include active summer farms that still can be
found in specific regions. In 2012 semi-natural grasslands amounted to 177,000 ha of which
20,000 ha were surface-cultivated pastures and 156,000 ha were unimproved grazing land
(Statistics Norway, 2014) (Table 2).
In the past, Sweden had large areas of semi-natural grasslands, culminating at around 1.6
million ha at the end of the 18th century (Statistics Sweden, 2013), that were mainly used to
provide winter fodder. Summer grazing took place in the forests. Today, only some 440,000
ha of these semi-natural grasslands remain, almost all of which are now used for grazing (Table
2). They play an extremely important role for the protection of biodiversity in the Swedish
landscape, and farmers can receive subsidies if they are managed according to a set of rules
aimed at the preservation of biodiversity (no fertilization, specified grazing regimes). The
output in terms of animal produce is low but the marketing of beef to a premium price from
cattle that have grazed in these areas is increasing.
In Denmark semi-natural grasslands cover 200,000 ha and are either not ploughed at all or only
rarely. Some of these are on wet organic or sandy soils along rivers, near the coastline or on
old hilly grasslands. This is therefore a very heterogeneous group with respect to yield, species
composition and use. The aim of the authorities is to preserve these permanent grasslands in
order to enhance a landscape of light and open (non-forest) river valleys and to maintain
biodiversity. Strict rules apply to the management of these grasslands.
Semi-natural grasslands are of minor significance in Finland and most of these can be found in
coastal areas where the aim is to keep the landscape open to encourage bird life and natural
meadows (Table 2).

Grassland Science in Europe, Vol. 19 - EGF at 50: the Future of European Grasslands
20

Cultivated grasslands
The total area of cultivated land in Iceland in current use is around 130,000 ha (Table 2), of
which approximately 45% is on drained wetland (Hallsdóttir et al., 2012). Around 90% of this
area is used for permanent grass fields, most of which are older than five years and the
remainder is under annual crops of which 5,000 ha are currently used for barley. Grassland or
cropland constitutes about 3.0% of total land area in Norway, and in 2012 total agricultural
land amounted to 990,000 ha of which cultivated leys constituted 470,000 ha or 73% of the
total grassland area. Grass leys in rotation with other crops are classified as cropland so the
grassland area is actually higher than shown by Statistics Norway (2014) (Kynding Borgen and
Hylen, 2013). In 2008, 60% of the grassland was owned and 40% rented land (STM20112012). In Sweden, short-term leys on arable land dominate the production of forage for winter
feeding and grazing. Today they cover approximately 1.1 million ha, or 45% of the arable land
area (Statistics Sweden, 2013). Cultivation of forage maize occurs on approximately 20,000 ha
and is increasing. In Finland cultivated grasslands cover 650,000 ha or 28% of the utilizable
agricultural area. Cultivated grasslands are around 330,000 ha or 13% of the utilizable
agricultural area in Denmark and include grass and clover in grass-arable rotation. Other main
forage crops are maize and cereal and pea whole-crop, which constitute 184,000 and 54,000
ha, respectively (Statistics Denmark, 2012).
Management of cultivated grasslands and their production potential
The livestock
The number of farm animals varies considerably across countries both in absolute terms and
relative to population size (Table 3).
Table 3. Number of farm animals (total no. in thousands and per thousand inhabitants) and main agricultural
produce from grassland in the Nordic countries in 2012.
Country

Dairy cows
Total
×1000

Per 1000
inhabitants

Total
×1000

Horses

Per 1000
inhabitants

Total
×1000

Goats

Per 1000
inhabitants

Total
×1000

Per 1000
inhabitants

Denmark

568

101

160

29

60

11

?

?

Finland

284

52

130

24

31

6

5

<1

Iceland

25

77

476

1480

77

240

1

3

Norway

233

46

906

144

36

7

35

7

Sweden

348

37

610

64

363

39

5

<1

Country

Milk
Total, ML

Denmark

1

Sheep

Lamb meat, t

L per
inhabitant

Total

Beef, t

Per 1000
inhabitants

Total
×1000

Horse meat, t

Per 1000
inhabitants

Total

Per 1000
inhabitants

49091

877

2000

<1

142

25

1000

<1

Finland

2188

404

950

<1

81

15

487

<1

Iceland

127

396

9920

31

4

13

1510

5

Norway

1531

305

17500

3

78

16

140

<1

Sweden

2861

300

5030

<1

121

13

1160

<1

Of this 9% is organically produced

The numbers of both sheep and horses per inhabitant are highest in Iceland whereas dairy cows
are of greatest importance in Denmark. In Iceland dairy cows are usually housed from early
September to late May and are grazed on cultivated grass fields during summer. With the
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advent of automatic milking it is though getting more common to keep milking cows inside for
the whole year, with access to grazing. Most sheep farmers house their flocks from November
to May. Riding horses are similarly housed from November to May but otherwise the Icelandic
horse is, by tradition, kept outdoors all year around. Dairy cows are mainly fed indoors all year
in Norway. The -razing period for stabled dairy cows is 8 weeks, whereas in loose-housing
dairy cows should, from 2014, have the possibility to 'exercise and move around' outdoors for
at least 8 weeks during the summer period. In some regions, where the main calving time is
during autumn, dry cows may be grazed during summer. The housing of sheep varies much
across the country depending on the duration of winter. Sheep will normally be kept indoors
for one to three weeks after lambing (mid-April–mid-May), followed by some weeks of onfarm grazing before being taken to the areas of summer grazing. The sheep return to the farm
in early/mid-September. The Old Norse sheep breed (Ovis aries) (3% of total sheep number)
is being grazed all-year round, however, with strict regulations for animal welfare to secure
feeding possibilities during harsh winters. Dairy cows are the main consumers of forage in
Sweden and Finland. Grazing is compulsory by law for dairy cows and provides forage from
May/June until the end of August/September, depending on latitude. However, supplementary
feeding of dairy cows during summer is very common. In Denmark conventional dairy cows
(+heifers and calves) are mostly kept in the stable the whole year, whereas the organic dairy
cows are grazed at least 150 days for a minimum of 6 hours a day, in accordance with the rules.
Harvest management
Most of the fodder produced for winter feeding is ensiled either with or without additives in
round bales or bunker silos in all countries. Dairy farmers in Iceland aim to take the first cut
around the heading of timothy, which may occur as early as the middle of June in the more
favourable regions. A second cut is usually taken on these fields around the middle of August.
On sheep farms the first harvest is commonly delayed until early July and the fields are used
for grazing in early spring and again in autumn for fattening the lambs prior to slaughter, rather
than taking a second cut. Where two cuts are taken from hay fields about two-thirds of the
fertilizer is applied in spring and one-third after first cut. Otherwise all fertilizer is applied in
spring. Nitrogen inputs vary around 100 – 140 kg ha-1. In addition most farmers use animal
manure to its fullest potential. In Norway fields are cut three times in the more favourable
regions, in early June, late July and mid-September, whereas only two cuts are taken in the
middle of June and again in the middle of August where the growing season is shorter. In
Sweden and Finland winter feed is produced on intensively managed short-term leys with
inputs of 150 – 250 kg N ha-1 and two to four cuts per season, depending on latitude. The aim
is to cut the first harvest at the beginning of heading, or at >80% IVOMD (in vitro organic
matter digestibility). In addition most farmers use animal manure to its fullest potential. This
is also the case in Denmark. There dairy farmers aim to take the first cut at a certain IVOMD
or NEL (net energy lactation) concentration, and they decide the cutting time from a herbage
sample and an on-line prognosis which calculates the decrease in feeding value due to growth
and the effect of weather on the decrease rate. The targeted nutritive value depends on the
feeding ration on the farm, but is typically 80% IVOMD. The recommended cuts are five and
four for red and white clover mixtures respectively. For beef cattle, sheep and goats there is
less focus on nutritive value. The maximum N-application in intensive managed grasslands is
around 240 and 360kg ha-1 in grass-clover and pure grass, respectively. In permanent
grasslands, N varies from 0 – 130 kg ha-1, depending of production level, use and nature value.
Most of the applied N comes from slurry, all of which must be injected. The only other
possibility is acidification and using trailing hoses.
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Production capacity
According to the Icelandic Agricultural Statistics (Statistics Iceland, 2013) the mean fodder
yield obtained in 2011 was 4,012 and 2,720 FEm ha-1 for dairy and sheep farms, respectively
(Statistics Iceland, 2013). The total fodder produced on-farm in the whole country was worth
a total of around 54 million Euros in 2011, which was around 55% of the total fodder costs for
the whole agricultural sector that year (Statistics Iceland, 2013). Most of this was roughage
obtained from hayfields. Barley produced locally has been sufficient to supply around 40% of
the concentrate use in the dairy sector.
In Norway the mean fodder yield is estimated to be around 4,000 and 3,500 FEm ha-1 on dairy
farms and sheep farms, respectively (Bakken and Johansen, 2014; A.K. Bakken, personal
communication). There is no exact on-farm dry matter yield (DMY) registration, but estimated
DMY and the amount of milk and meat being produced indicates a reduction in grass yield
over the last few years. Important reasons are poor soil cultivation, need for drainage and use
of heavier agricultural machinery. Increased conservation in round bales also may have caused
increased loss due to wilting (Lunnan, 2012). Organic grassland (ley and grazed area)
constituted <10 % of total area in 2012 (DEBIO, 2012). Imported feed constitutes 32% of the
total feed and especially the protein fraction is increasing (SLF). If imported soya used for feed
is included the imported feed is 38%. A higher degree of food self-sufficiency in Norway will
require considerable changes of the diet from animal-based food to fish and plants grown in
Norway (Bakken and Johansen, 2014).
In Sweden the intensively managed short-term leys yield 7 – 12 tons dry matter ha-1, with a
digestibility of >80% and a crude protein of around 15%. In Finland the yield is 5 – 10 tons
dry matter ha-1. This fodder is primarily used for dairy and beef cattle. Forage for horses and
suckler cows is less intensively cultivated, and is generally harvested at a later phenological
stage.
In Denmark the potential production is around 12,000 FE (90,000 MJ net energy), but due to
different losses in the feed processing the net energy yield (energy consumed by the cows) was
8,410 and 2,560 FEm ha-1 on intensive grasslands (in crop rotation) and permanent grasslands,
respectively (Statistics Denmark, 2012). For the whole country, home-grown fodder accounted
for 79% and imported for 21% of the total requirements. For forage crops 97% was produced
locally and 3% was imported.
The main agricultural produce obtained from this fodder in the different countries can be seen
in Table 3.
Procurement of suitable plant material
Breeding for local adaptation
In a European context the main limiting factors for forage crops in the Nordic environment are
a short and cool growing season and various winter stresses such as frost, ice encasement, low
temperature fungi, prolonged snow cover, water-logging and low light intensity (Figure 2).
Temperature and photoperiod are probably the two most important factors that control
phenological development and play a decisive role for the adaptation of perennial fodder crops.
This is of special importance for growth cessation of perennial crops in the autumn and
obviously complicates the transfer of forage crops within the region. The photoperiod is
directly related to latitude and can thus vary within the Nordic region from 14 to 24 hours and
from 9 to 12 hours at the beginning and the end of the growing season, respectively.
Temperature, on the other hand, can vary considerably at the same latitude, as discussed earlier,
making transfer of material even more complicated. One way of dealing with such genotypeenvironment interactions is to calculate agroclimatic indices. These are commonly based on
Accumulated Day Degrees, which are related to plant growth and development, and have been
Grassland Science in Europe, Vol. 19 - EGF at 50: the Future of European Grasslands
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applied successfully, together with indicies reflecting the risk of winter damage, for assessing
overwintering of perennial crops in Eastern-Canada (Bélanger et al., 2002) and Norway
(Thorsen and Höglind, 2010).
When dealing with the whole Nordic region it is sensible to define agroclimatic areas that differ
in climatic conditions for plant production (SNP, 1992). One attempt has been made to
construct such agroclimatic zones based on results from variety trials with timothy across the
whole Nordic region (Björnsson, 1993). The outcome was five internordic zones based on
similarity of results and geographic considerations. Interestingly though, in a recent study of
molecular variation (SSR markers) of local Nordic timothy populations and cultivars, only 6%
of the variation was between populations, and no variation was found between cultivars and
local populations (Rognli et al., 2013a). The results for timothy are in stark contrast to meadow
fescue where local Nordic populations show clear geographic structuring based on molecular
variation (Fjellheim and Rognli, 2005; Fjellheim et al., 2009). Similarly, Finne et al. (2000)
found highly significant genotypic variation between local populations of white clover
collected from a wide range of latitudes and altitudes in Norway.
Breeding of grassland species for Denmark and different areas of Norway, Sweden and Finland
has been carried out for over a 100 years. In the early days, natural selection in local material
was the main method to extend the area in which a population performed well. Natural selection
was likewise used to increase the resistance to various pests and diseases. Poly-crossing and
progeny testing of individual plants selected for good performance followed by mass selection
is nowadays the most common method. The original plant material may then be of indigenous
or foreign origin, depending on the species in question. Icelandic agriculture has to a large
extent depended on the import of forage cultivars. Not unexpectedly, the most suitable material
has originated from the northern areas of Norway and Sweden. Northerly adapted plant
material is generally characterized by low yields, slow regrowth potential after first cut and
reasonable tolerance to frost and ice encasement. Timothy (Phleum pratense) is the only forage
species for which cultivars have been bred specifically for Icelandic conditions.
Selection of appropriate species
Not surprisingly the choice of appropriate species varies depending on the geographic location.
Timothy has been the major grass species in the Nordic region north of 60° N. Timothy is thus
by far the most important fodder species in Iceland. It has a clear quality advantage over other
grass species that are currently available for forage production in Iceland, both with respect to
mean dry matter digestibility (DMD) and daily voluntary DM intake (see Helgadóttir et al.,
2013). Similarly in Norway and Sweden and Finland, timothy is the only grass species that can
be grown successfully almost anywhere because of its superior persistence (Larsen and Marum,
2006; Østrem et al., 2013). Where it is the main species in seed mixtures, the harvesting dates
are mostly determined by the developmental stage of timothy. An increased regrowth capacity
will, however, be required in a prolonged growing season. Meadow fescue (Festuca pratensis)
is a well-adapted grass species and is frequently used in timothy-based mixtures in these
countries, and in mixtures for combined cutting and grazing, smooth meadow-grass (Poa
pratensis) is a winter-hardy species. Perennial ryegrass (Lolium perenne) has played a role in
the more maritime regions south of 60° N. It has for many years been the most important grass
species in Denmark because of high nutritive value (Søegaard et al., 2010) and it is also grown
successfully in the southern parts of Sweden but here always in mixtures with other grasses as
it is still too unreliable to be grown in monoculture. With its high biomass yield and regrowth
capacity, and superior feed quality perennial ryegrass will undoubtedly become a promising
option at higher latitudes with prolonged growing season and milder winters. The same is true
for ×Festulolium hybrids (Østrem and Larsen, 2010). Festulolium holds a vast genetic variation
(Ghesquière et al., 2010) and several Festulolium hybrids have been introduced in the last 10
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years to Sweden, Denmark and Norway. Compared to perennial ryegrass it has an earlier spring
growth and a lower nutritive value at the same date. Farmers therefore harvest mixtures with
Festulolium in spring about one week earlier than mixtures with perennial ryegrass only.
Targeted breeding goal for Festulolium is to understand the mechanisms behind the growth
cessation to secure cold hardening and winter survival. For high latitudes the allotetraploid
approach, including the full genome of both parental species, seems to be the most useful
approach for exploiting the genetic variation, among others for winter survival, in the
combination of L. perenne and F. pratensis (Østrem et al., 2013). The more deep-rooted tall
fescue (Festuca arundinacea) might become a more important species also at high latitudes,
due to possible drought incidences in spring/early summer in a changing climate (IPCC, 2013).
When tall fescue is one of the parents, cultivars of Festulolium have proved a winter hardy
alternative in the Nordic-Baltic region (Gutmane and Adamovics, 2008; Halling, 2012; Østrem
et al., 2013).
Red clover (Trifolium pratense) and white clover (T. repens) are the most important legume
species in the Nordic countries (Marum, 2010). In Sweden red clover dominates followed by
white clover and lucerne, which is an important species in the drier eastern parts of the country.
In Finland red clover is the most important forage legume. In Denmark white clover was
successfully reintroduced in the 1990s after the high-N period during 1960-1990. Red clover
was reintroduced a few years later. The main reason for using clover in Denmark, Finland and
Sweden is the well-known higher intake of clover mixtures, demand for reduced N-application
and a general perception of better quality. Today the goal for nearly all intensively managed
grasslands in Denmark is to have a high content of clover, which means at least 50% in the
summer period. In organic farming clover has a significant impact on the whole crop rotation
system. However, white clover fatigue has been a big challenge due to a high proportion of
clover in the grazing area for the cows close to the stables (Søegaard and Møller, 2005).
The importance of forage mixtures
Species mixtures are the norm in all countries. Mixtures provide yield stability over time, as
well as an extended period over which a good feeding quality can be maintained. A typical
mixture for large areas where grassland farming is important would contain timothy, meadow
fescue, perennial ryegrass, red and white clover in different proportions depending on location,
soil condition, planned sward duration and the use of the herbage. In Sweden all-grass mixtures
(timothy, meadow fescue and perennial ryegrass) are grown for the production of forage for
horses. Recent pan-European experiments have shown that grass-legume mixtures are more
productive and show greater yield stability over time than their individual components in
monoculture irrespective of fertilizer treatment (Finn et al., 2013) and in the northern regions
higher yields were not at the cost of poorer nutritive value (Sturludóttir et al., 2014).
Future challenges
Climate change
Over the next 100 years the global temperature is expected to increase in the range 0.3–4.8 °C
in the world, depending on climatic models, with the Arctic region warming more rapidly than
the global mean (IPCC, 2013). In the Nordic countries this temperature increase is likely to be
larger in northern areas than in the south, and most probably temperature will increase more
during winter than summer with more of the precipitation falling as rain (Björnsson et al., 2008;
Hanssen-Bauer et al., 2009). This will have various implications for adapting forage cultivars
to the changing conditions both through breeding and different management schemes.
The expected changes in climate at northern latitudes will result in a longer growing season,
because of earlier spring and later autumn, and higher temperatures during the growing season,
both of which may lead to increased biomass production potential. However, new types of
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stresses may offset the potential gain, such as insufficient hardening conditions during autumn
to prepare the plants for altered winter conditions. Higher temperature in the autumn at the
same light intensity will mean that the forage species are cold hardened at later stages during
autumn, calling for new breeding strategies. Also during the winter deacclimation and
reacclimation are important challenges due to experienced and expected temperature increase
during winter (January-April) which will pose stress on plants if warm spells occur during midwinter. In adapting forage plants to new conditions in the north, new variation in exotic material
has to be looked for and the most promising material subsequently introgressed into present
cultivars. As grassland agriculture in the region is a low value enterprise it would be desirable
to breed material with as wide adaptation as possible so material could be used across larger
areas within specific agroclimatic zones rather than focus on narrow adaptation to certain
geographic regions. Such an approach would require considerable pre-breeding efforts in line
with the already initiated Nordic Public Private Partnership for pre-breeding in perennial
ryegrass (Rognli et al., 2013b).
Climate change may also increase disease pressure in forage plants. This has already occurred
for leaf spots in meadow fescue, whereas e.g. crown rust is expected to become a problem on
perennial ryegrass. Breeding material of vulnerable species should therefore be tested under
more southern growing conditions.
Improved land- and nutrient-use efficiency
The Nordic countries must rise to the pressing challenge of sustainable intensification of their
agricultural production (The Royal Society, 2009). For grassland-based agriculture this may
involve improving the quality of the herbage either through breeding or optimizing D-values
through more precise management strategies, thus obtaining more feeding units per land unit,
as higher temperatures during summer will, without changing the management, reduce quality
because of increased lignification of cell walls and lower digestibility of organic matter
(Buxton, 1996). One approach would also be to increase the use of perennial ryegrass as
discussed earlier and benefit from its superior feed quality and productivity. It is also important
to reduce the reliance on artificial fertilizers. An obvious way is to make better use of N-fixing
species and it is therefore especially important to improve their adaptation in the more marginal
regions. Forage mixtures have also been shown to enhance yields compared to their individual
components in pure stand (Finn et al., 2013) but the mixtures have to be carefully designed in
order to realize their full potential in order to improve resource complementarity and increase
yield.
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