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Global changes in food demand resulting from population growth and more meat-intensive diets require an in-
crease in global protein crop production, not least as climate change and increasing scarcity of fresh water could 
restrict future production. In contrast to many other regions, in Finland climate change could open new opportu-
nities through enabling more diverse cropping systems. It is justified to re-enquire whether the extent and inten-
sity of protein crop production are optimized, resources are used efficiently and sustainably, cropping systems are 
built to be resilient and whether ecological services that protein crops provide are utilized appropriately. This pa-
per aims to analyze in a descriptive manner the biological grounds for sustainable intensification of protein crop 
production in Finland. Production security is considered by evaluating the effects of and likelihood for constraints 
typical for northern conditions, examining historical and recent crop failures and estimating ecosystem services 
that more extensive introduction of protein crops potentially provide for northern cropping systems now and in a 
changing climate. There is an evident potential to expand protein crop production sustainably to a couple of times 
its current area. In general, variability in protein yields tends to be higher for protein crops than spring cereals. Nev-
ertheless, protein yield variability was not necessarily systematically higher for Finland, when compared with other 
European regions, as it was for cereals. Protein crops provide significant ecological services that further support 
their expanded production. By this means protein self-sufficiency remains unrealistic, but increased production of 
protein crops can be achieved. The expansion of rapeseed and legumes areas also seems to be economically fea-
sible. From the economic viewpoint, an increase in domestic protein supply requires that farmers have economic 
incentives to a) cultivate protein-rich crops instead of cereals, and b) use them as animal feed instead of imported 
sources of protein. Environmental sustainability is an argument to justify economic support for protein-rich crops 
and thus increase their cultivation.

Key words: Climate change, crop failure, crop rotation, ecosystem service, faba bean, food security, northern grow-
ing conditions, pea, protein, rapeseed, self-sufficiency, variability 

Introduction

Europe is highly dependent on imported crop-derived feed protein, particularly soybean [Glycine max (L.) Merr.]. 
Europe produces only 2% of its soybean consumption although soybeans are amontg the most important crops 
worldwide with considerable unexplored potential (Masuda and Goldsmith 2009, Hartman et al. 2011). Overall, 
protein self-sufficiency in Europe averages 30%, whereas in Finland during recent years it has been ~25% at most. 
In the northernmost European growing regions, represented by Finland, alternatives for crop based protein pro-
duction are more limited than elsewhere in Europe (Peltonen-Sainio et al. 2011a, 2011b). Hence, one may ask 
whether it would be feasible to increase the production of protein crops.

If production and consumption of protein are balanced, the industry is less dependent on fluctuations in world-
wide production and prices of feed protein. Low self-sufficiency does not, however, necessarily reduce economic 
or environmental sustainability, because the utilisation of agricultural resources may be globally more efficient 
when some regions import a part of the resources they consume. During normal times it can be even more effec-
tive to rely on international trade rather than to produce most of the protein domestically. In this paper we exam-
ine possibilities to increase protein crop production. We use historical data and studies projecting future changes 
to elaborate the constraints and possibilities of protein crop production. Risks associated with the cultivation can, 
however, be larger at the farm level, because then extreme yields are averaged out by the law of large numbers. 
We focus on systemic events which affect yields, cultivation or economic returns on large number of farms. Hence, 
the focus is on the possibilities to cultivate protein crops in general in Finland, or in parts of it.

Field pea (Pisum sativum L.) and faba bean (Vicia faba L.) are potentially the most protein-rich leguminous seed 
crops adapted to northern growing conditions, while turnip rape (Brassica rapa L.) and oilseed rape (B. napus L.) 
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are oil crops that produce high-quality protein as a valuable parallel product. Also cereals have considerable ca-
pacity to produce protein that can be enhanced further (Peltonen-Sainio et al. 2011b, 2012). However, full-scale 
use of hidden potential of cereals and rapeseeds requires investments in the bio-ethanol industry, which in turn 
provides protein-rich distillers’ concentrate for feed use. Biofuel policies are expected to increase the supply of 
distillers’ grains and protein-rich meals, and to reduce their prices in the world (e.g. OECD-FAO 2011, Fapri 2011).

As a northern speciality, spring sown cereals dominate over overwintering types by covering 99% of the cereal 
area in Finland. Spring wheat (Triticum aestivum L.), barley (Hordeum vulgare L.) and oat (Avena sativa L.) are to-
gether grown on about 50% of arable land in Finland. Dairy production, and thereby grasslands, are concentrated 
in central and northern parts of Finland, where they diversify cropping systems (Peltonen-Sainio et al. 2012). Do-
mestic protein is better available for cattle than for monogastric animals, as grass silage, a major component in 
cattle diet, may contain even up to 23% of protein with a typical range of 12–23%. The challenges in monograstric 
animals’ protein feeding can also be seen as related to use of imported soybean protein in industrial feed mix-
tures: soybean meal contributes only 10% of protein in cattle, but 40–50% in pigs and poultry. According to data 
obtained from Information Centre of the Ministry of Agriculture and Forestry, feed mixture production of Finnish 
feed industry (close to 10 companies, from which two control the vast majority of market) is 600 000 t for cattle, 
350 000 t for pigs and 300 000 t for poultry. These data indicate a comprehensive potential for expanding domes-
tic protein crop production.

Progressive global changes provide justification for re-inquiring as to whether protein crop production should be 
adjusted to better meet the challenges by these changes. Driving forces for re-thinking include global population 
growth and increasing demand for food, together with rising standards of living in the highly populated regions, 
and the concomitant changes in food consumption towards meat-intensive diets that require more protein feed. 
OECD-FAO (2011) has estimated the consumption of beef, pig meat and poultry meat to increase in this decade 
in non-OECD countries by 25%, 33% and 37%, respectively, and the consumption of cheese to increase by 33% in 
developing countries, whereas consumption growth in OECD-countries is only modest. In particular, significant in-
creases in consumption are anticipated for population-rich countries such as India and China. As a consequence, 
the demand for crop-derived protein is increasing and the prices of soybean and rapeseeds are to increase, thus 
putting more economic pressure on countries with low protein self-sufficiency. In addition, climate change and 
increasing scarcity of fresh water exacerbate these global, multidimensional challenges.

To relate the claim of “re-thinking the status of protein crop production” to the northern conditions merits inves-
tigation. The effects of projected climate change are forecasted to be prominent and to proceed promptly in the 
northern hemisphere, especially in regions close to the Arctic (Jylhä et al. 2010). In contrast to many other regions, 
a warming climate in the northernmost European growing conditions may in the future allow extended and inten-
sified crop production (Ramankutty et al. 2002, Moriondo et al. 2010). This is because climate warming induced 
prolongation of the exceptionally short growing season may boost total production and may again provide an al-
tered basis for introduction, expansion and re-balancing cultivation of different crop species (Peltonen-Sainio et 
al. 2009a, Bindi and Olesen 2011). However, increased climate variability and higher risks of extreme events, such 
as increase in heat waves, drought episodes and heavy precipitation events (Meehl and Tebaldi 2004, Schär et al. 
2004, Planton et al. 2008), may also partly, if not even fully, cancel such opportunities. Provision for prompt and 
comprehensive changes requires adaptation and improvements in adaptive capacity and resilience of cropping 
systems (Bindi and Olesen 2011, Olesen et al. 2011, Peltonen-Sainio 2012). 

In recent decades, advances in food production, processing and trade have substantially strengthened food avail-
ability, stability, access and utilization (von Braun 2009). Ideally, in a certain region such crops are produced which 
combine market competitiveness with efficient resource use and low and/or manageable production risks. Inter-
national trade provides supplementary commodities that are produced less than used in that region. Throughout 
the modern age, agricultural production has been regulated, subsidized and governed. One can question whether 
northern European crop production in its present state is expedient and well in balance, whether resources are 
used sustainably and efficiently, whether cropping systems are resilient and optimized when taking into account 
ecological services that different crops and systems offer, and whether present choices take sufficiently into ac-
count the need for short- and long-term adaptation to climate change. In such considerations it is essential to keep 
in mind the significance of food as the source of life, in sustaining society and its security, but also that food secu-
rity is a complex socio-political concept borne of much more than cultivation (von Braun 2009, Fullbrook 2010). 
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Due to major changes in the production environment it is important to re-evaluate the crop protein production 
in northern conditions. This paper aims to analyze whether there are biological grounds for sustainable intensifi-
cation of protein crop production and by this means diversification of cropping systems under northern growing 
conditions (Finland case), and if so, what policies could to promote such a goal. This work considers production 
security through reference to effects of, and likelihood for constraints that are typical under northern conditions. 
Moreover, past crop failures and major fluctuations in crop production are considered and the effects of increased 
production on ecosystem services of northern cropping systems are estimated.

Climatic constraints cause substantial production uncertainty

Finland is the northernmost agricultural region in which seed crops are produced on a large-scale; currently ~1.1 
million hectares, averaging 50% of total arable land. Diversified field crop production is possible at such high lati-
tudes of 60–65 °N due to the Gulf Stream, which together with its northern extension, the North Atlantic Drift, is 
a powerful, warm and swift Atlantic Ocean current that originates in the Gulf of Mexico and influences the climate 
of the west coast of Europe. Therefore, northern European temperatures during the growing season are typically 
higher than elsewhere at comparable latitudes.

At high latitudes long day conditions markedly enhance rate of development of many crops, enabling their matu-
ration and harvest within a short season. Various climatic constraints to seed crop production (Table 1) challenge 
production security in such northern regions: e.g., harsh and variable winter conditions, short period for success-
ful spring sowing after snow melt and soil drying, short growing season and prompt changes towards growth un-
der non-favorable autumn conditions (high precipitation, lowered temperatures, night frost, steep decline in light 
intensity) (Mukula and Rantanen 1987, 1989a, 1989b, 1989c, 1989d, 1989e, Peltonen-Sainio et al. 2009b, 2011c). 
Also early summer drought typically interferes with formation of yield potential in grain and seed crops (Peltonen-
Sainio et al. 2011d, Rajala et al. 2011). During recent decades (Trnka et al. 2011), there have been ≥ 50% more 
growth-favoring days, ≥ 65% higher effective annual global radiation and at least six times more suitable days for 
spring sowing in other environmental zones of Europe than in the Boreal zone, which Finland represents. In addi-
tion, the Boreal zone is characterized by an exceptionally late date for the last frost but many dry, growth-limiting 
days in mid-summer (Trnka et al. 2011).

The short growing season, with development enhancing long days and relatively high temperatures during the early 
growth period, results in a combination of conditions that cause limited compensation capacity for even tempo-
rary, stressful conditions (Peltonen-Sainio et al. 2009c). This means that unfavorable conditions during the early 
growth period can be only negligibly compensated for at later stages. An example is long day induced inhibition 
of tillering in spring cereals (Peltonen-Sainio et al. 2009d): grain yield produced by lateral tillers is modest com-
pared with that of main shoots, ranging from 13% and 15% in oat and wheat to 20% in six-row barley and 64% in 
two-row barley. Low tillering increases costs due to use of approximately double the seeding rate used elsewhere 
in Europe. In the case of failures in main shoot growth caused by climatic constraints, delayed tillering may occur 
if conditions become more favorable. However, these tillers do not necessarily mature by harvest time and their 
contribution to yield remains marginal. The ability of cereals, rapeseed and pea to compensate for low yield and 
grain or seed number per square meter through increased grain or seed weight is also limited (Peltonen-Sainio et 
al. 2007a, Peltonen-Sainio and Jauhiainen 2008; for pea data not shown).

It is not only the typical climatic constraints of the northern growing conditions that are responsible for low mean 
yields per hectare per se, but also substantial fluctuation in conditions, together with extreme events (Venäläinen 
et al. 2007) represent a challenge to northern agriculture (Peltonen-Sainio et al. 2009e, 2009c). A comprehensive 
modeling exercise with regional, long-term climatic datasets (Venäläinen et al. 2007) revealed foundations for cur-
rent differences in regional cropping intensities through characterizing how regions differ in general growing con-
ditions, likelihood for weather conditions harming crop growth and manifestation of extreme events (Table 2). As 
an example, risk of early season frost is evident in Finland, particularly in the northern parts of the country. This 
risk challenges rapeseed and pea in particular when compared with cereals and faba bean (Table 1). A contrary 
constraint to frost is represented by heat waves in May, close to sowing and seedling emergence. Such heatwaves 
occur at least every tenth year and they often result in poor plant stand establishment. Furthermore, during the 
period of the most intensive growth, severe drought (<10 mm accumulated precipitation), lasting 35–55 days, in-
terferes with crop growth at least once in ten years, while heavy rains (39–55 mm per day) that cause lodging and/
or flooding occur once every tenth year. According to a dataset of the Finnish Meteorological Institute, records of 
one day precipitation are 88, 118, 198 and 151 mm for May, June, July and August and they were experienced in 
1988, 1973, 1944 and 2004, respectively.
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Table 2. Likelihood for having exceptional weather events every 10th, 20th and 50th year in four locations in Finland (Venäläinen et 
al. 2007). For each case the 95% confidence intervals are shown (the best estimate is often close to the mean of the intervals). The 
provinces of Uusimaa (around Helsinki), Keski-Suomi (Jyväskylä), Pohjois-Pohjanmaa (Oulu) and Lapland (Sodankylä) contribute to 
the national cultivated land by 10%, 3%, 8% and <1%, respectively.

Repeating 
period 
(years)

Helsinki
(60.1 °N 24.6 °E)

Jyväskylä
(62.1 °N 25.4 °E)

Oulu
(65.0 °N 25.3 °E)

Sodankylä
(67.3 °N 26.4 °E)

95 % 95 % 95 % 95 % 95 % 95 % 95 % 95 %

Minimum temperature in May (°C)

10 -2.7 -1.4 -8.4 -6.9 -7.8 -6.5 -15.9 -12.8

20 -3.2 -1.8 -9.1 -7.3 -8.9 -7.0 -17.9 -14.0

50 -3.7 -2.1 -9.8 -7.8 -10.2 -7.6 -20.2 -15.5

Maximum temperature in May  (°C)

10 25.2 26.3 27.0 27.7 25.7 26.5 24.7 26.8

20 25.7 27.0 27.3 28.2 26.1 27.3 25.4 27.9

50 26.3 27.7 27.7 28.8 26.6 28.3 26.1 29.2

Duration of drought period in May-August with <10 mm precipitation (days)

10 39 53 32 39 38 51 33 42

20 44 68 35 44 42 64 37 51

50 50 86 38 53 48 79 41 65

Precipitation per a single day (mm)

10 47 66 46 64 38 54 35 45

20 52 76 52 75 42 63 38 50

50 60 92 61 92 50 77 42 57

Duration of period in winter with daily minimum temperatures ≤ -20 °C (days)

10 4.9 7.6 9.2 13.2 10.9 13.9 13.0 18.1

20 6.1 10.4 10.7 16.5 11.9 16.0 14.7 22.9

50 6.9 15.8 12.3 21.1 12.9 18.9 16.9 28.1

Depth of snow cover at most (cm)

10 67 78 88 95 67 82 100 118

20 73 88 94 103 72 97 106 132

50 79 102 99 113 79 117 114 153

Outside the growing season, risks for long periods of extremely low daily minimum temperatures and consequent 
overwintering damages are prevalent. The damages are alleviated in the case that sufficient snow cover protects 
seedlings (Table 2). Extreme conditions challenge winter hardiness of overwintering crop per se, but may also be 
associated with risk of delayed sowing in spring (Table 1). Delays in sowing are often more harmful for later ma-
turing protein crops, which further increases insecurity for their production when compared with cereals (Pel-
tonen-Sainio et al. 2011d).

Coefficient of variation in national yield was often higher for protein crops, rapeseed and pea, than for wheat, 
which represents cereals in Figures 1–3. Variation in yield and changes in cropping area were often inconsist-
ent, as also found by Peltonen-Sainio et al. (2010). For Denmark, France, Germany (western zone) and Sweden 
(Boreal south) wheat yields varied less than for Finland (Boreal north) and Spain (Mediterranean). On the other 
hand, degree of variation in yields of rapeseed in Finland was comparable to that found elsewhere in Europe, ex-
cept for Spain, which is characterized by exceptional yield variability. For pea, variation was particularly high, as 
also concluded by Cousin (1997), and was especially so in the Nordic countries, though it was also significant for 
Germany. These examples indicate that when comparing with other growing regions in Europe, although Finland 
represents a disadvantageous exception regarding production certainty of wheat yields, the difference is not so 
striking as with pea yield (Figs. 1–3).
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Fig. 1. Changes in national wheat production areas relative to the mean areas across the studied period  are shown as open circles 
for 1963–2007 (left-hand axis) for Denmark, Finland, France, Germany, Spain and Sweden. Variation in coefficients of variation            
(CV ) for yields (right-hand axis) are shown as black circles and were determined by dividing each 5 year moving average for standard 
deviation of yield by that for annual mean yield. Data from FAO (2011).

Fig. 2. Changes in national rapeseed production areas relative to the mean areas across the studied period are shown as open circles 
for 1963–2007 (left-hand axis) for Denmark, Finland, France, Germany, Spain and Sweden. Variation in coefficients of variation (CV) 
for yields (right-hand axis) are shown as black circles and were determined by dividing each 5 year moving average for standard 
deviation of yield by that for annual mean yield. Data from FAO (2011).
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Historical perspective on yield risks: Extreme events, famine and mortality 
in the past centuries and lessons learned

In the past food security and production went hand in hand. Insecurity in crop production was caused by severe 
harmful climatic conditions that caused shortages of food, famine and mortality. In contrast, today they do not 
have marked impact on the availability of food. Climatic events that occurred in years of high mortality in Finland 
are typical for northern agricultural regions also today. According to Holopainen and Helama (2009), in the most 
unfavorable years the amount of harvested grain was less than that sown, whereas during the better years the 
grain harvested exceeded that sown by more than tenfold. They also estimated that during the period of prein-
dustrial agriculture in Finland, depending on region, 37–84% of yield variability was explained by monthly varia-
tion in growing season temperature and precipitation.

Three periods of extreme famine and resulting high mortality rates were documented in regions of present day 
Finland. All of them fell into the period termed the Little Ice Age, lasting from ca. 1450 to 1870 (Mann 2002, Mann 
et al. 1998, Mann and Bradley 1999). This was a period of climatic cooling in the northern hemisphere that oc-
curred after a much warmer era known as the Medieval Warm Period. The first documented, large-scale and fa-
tal crop failure in regions of present day Finland was in 1601, when a severe volcanic eruption of Huaynaputina 
in Peru caused abrupt cooling to spread over the northern hemisphere (Briffa et al. 1998, de Silva and Zielinski 
1998). The most exceptional, negative temperature anomaly was evident for summer 1601, which is reflected 
in extremely weak growth of tree-rings of Scots pine (Pinus sylvestris L.) in Fennoscandia (Lindholm and Eronen 
2000, Helama et al. 2005). The year 1601 was called in Finnish “olkivuosi” (“straw year”) or “iso hallavuosi” (“year 
of extensive frosts”), while in Sweden it was characterized as the “green year” (Mukula 1981a). All these terms 
seem to characterize the conditions well: severe frosts likely occurred prior to maturity and according to some 
notes, no grain was available for harvest in certain regions of Finland. At most yields only approached 20% of nor-
mal yields. Therefore, food was substituted for by straw gruel, bark bread, roots of calla (Calla palustris L.), moss 
and bark of aspen (Populus tremula L.).
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Fig. 3. Changes in national field pea production areas relative to the mean areas across the studied period  are shown as open circles 
for 1963–2007 (left-hand axis) for Denmark, Finland, France, Germany, Spain and Sweden. Variation in coefficients of variation (CV) 
for yields (right-hand axis) are shown as black circles and were determined by dividing each 5 year moving average for standard 
deviation of yield by that for annual mean yield. Data from FAO (2011).
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The next documented period of extensive crop failure occurred in 1696–1697 and was termed “isot kuolovuo-
det” (“years of extensive mortality”). Severe crop failures occurred after first experiencing a couple of years of 
crop losses and marked food insecurity. Again, strong cooling events took place probably due to volcanic erup-
tions (Briffa et al. 1998). In 1695 cereal yields were only one third of the standard yields for that time, crop losses 
mainly resulting from severe autumn frosts (Mukula 1981b). In 1696 scarcity of seed for sowing was inevitable, 
sowings were markedly delayed in spring and again severe autumn frosts caused high crop losses. In spring 1697, 
after extensive famine, up to 30% of the Finnish population died.

The third fatal crop failure occurred in 1867–1868 and the period was referred to as the “suuret nälkävuodet” 
(“years of extreme famine”). Again, a couple of unfavorable growing seasons preceded the years of extreme fam-
ine. In 1866 sowings were delayed, when in Helsinki, for example, the mean temperature for May was 7 °C lower 
than normal (Mukula 1981c). Cool and dry conditions occurred in 1867, sowings took place exceptionally late, 
and again early, severe autumn frosts destroyed the yield. Only one quarter of barley managed to mature, rye 
(Secale cereale L.) yields were ~60% of normal and potato (Solanum tuberosum L.) ~70%. About 8% of the popu-
lation died due to famine, but plague also spread through migration.

Lessons were learned from periods of extreme famine in Finland and many of the changes that took place clearly 
attempted to improve food security. One of them was diversification of agricultural systems and thereby, loosen-
ing of the dependency on solely grain crop production (Mukula 1981d). This was also warranted as soils became 
depleted of nutrients and their production capacity declined. By reintroducing animal husbandry more manure 
was available to improve soil structure and nutritional status. However, less cereal was available for human con-
sumption and therefore, cereal imports were considered, which in turn weakened the peasants’ position until ex-
tended animal husbandry gradually started to improve peasants’ income again.

The structural change was enormous. Up to 40% of arable land was sown to grassland within three decades (1880–
1910). This was, however, achieved by clearing forests and not to any significant extent at the expense of cereal 
production area (Mukula 1981d). By the 1950s crop rotations were further diversified, when there was a golden 
age for pea cultivation. This was followed by drastic reduction in the area under a pea crop (data not shown). Some 
signs of revival were recognized in the 1970s and 1980s that were, however, followed by decline and, in turn, rape-
seed production expanded. Today rapeseed, pea and faba bean are minor crops in Finland.

During the period 1880–1910, the idea of being a self-sufficient producer of many of the agricultural commodi-
ties was abandoned. However, wars in the early 20th century shook up the reasoning behind heavy dependence 
on imports, which did not solely occur in times of distress. Food security is one of the perquisites for a well-func-
tioning modern society. When food is not secure, also security of a society is put at risk (Fullbrook 2010). Over 
time stockpiles of crop seeds were organized (Mukula 1981d), which is the predominant practice in Finland also 
today. One reason for stockpiling is the goal to have crop cultivars which are well adapted to the exceptionally 
short long-day, northern growing seasons and can be used for sowing. 

Crop failures since 1960

Crop failures have been experienced during recent decades, including the 1960s, 1980s and 1990s (Fig. 4). During 
the study period, 1981, 1987, 1998 and 1999 were characterized as the years with the most extreme crop failures 
(Fig. 5): respectively 20%, 45%, 22% and 18% of the agriculture in terms of land area was recorded as having totally 
failed. Of these years, 1981, 1987 and 1998 had exceptionally cool growing seasons, while in 1999 drought inter-
fered with crop growth. In general, crop failures have occurred on more than 5% of agricultural land every third year.

Proportion of commercially acceptable harvested yield is another measure that indicates failure in production. Re-
gions differ in likelihood of success in production of high quality cereal and pea yields (Fig. 6). For all cereals and 
pea, and for most years, regions with ≥80% commercially acceptable yields were identified. Production of each 
crop was mainly located in regions characterized by a sufficiently long growing season and/or relatively low pro-
duction risks. Annual means for proportion of high quality seed yields were, however, typically lower and more 
variable for only marginally grown pea: once every six years less than 50% of harvested pea yields were commer-
cially acceptable, while such low mean quality was hardly ever recorded for barley and oat, and less often than 
every tenth year for spring and winter wheat. In general, earlier maturing winter wheat had a slightly higher pro-
portion of high-quality yield than spring wheat, which is more prone to quality deterioration caused by abundant 
autumn rains. Furthermore, when such regions in which winter wheat was grown only in limited areas were ex-
cluded, risks of low quality were even lower.
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Fig. 4. Import of cereals and protein crops (million kg year-1) into Finland in different decades and as an average for 1981–1982 when 
cereal importation was at its highest. The occurrence of years with marked crop losses demonstrated for barley (which is an early 
maturing indicator crop) are shown as well as the years with relative yield difference ≥ –0.20. Relative yield difference was determined by 
subtracting decadal mean for barley yield from the mean yield of a year and by dividing with the decadal mean. Data from FAO (2011).

Fig. 5. Total area of crop failure compared 
to cultivated arable land in 1974–2008. 
Data from Tike (2012).
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Pea failed more often than cereals to produce high quality yield (Fig. 6), which can partly be attributed to the 
limited cropping areas devoted to pea. Especially for legumes intercropping may provide a means for more sta-
ble production (Kontturi et al. 2011, Peltonen-Sainio et al. 2012). However, the criteria used for determination 
of commercial acceptability of pea yield are for human consumption. Therefore, criteria are likely to be far too 
rigorous for use in monitoring quality of animal feed. In fact, one could argue that quality criteria are even too 
harsh regarding human consumption when quality deficiencies are often only visual and are caused by pea moth 
(Cydia nigricana F.), for example. Pea moth is the most serious pest of pea in Finland, and a high risk of infesta-
tion is likely to accompany increase in pea cropping area (Huusela-Veistola and Jauhiainen 2006). In general, risks 
for yield losses caused by pests and diseases are presently moderate in the northern growing conditions. This is 
because complex host-pathogen and crop-pest-predator interactions as well as reproduction of pests and patho-
gens are influenced by weather conditions, i.e., often suppressed in northern cool climates (Hakala et al. 2011). 
Nevertheless, pest and disease induced risks are higher for rapeseed and legumes when compared to cereals and 
grass crops (Roukola and Vestberg 1978, Hannukkala 1988, Engqvist and Ahvenniemi 1997, Peltonen-Sainio et al. 
2007b, Peltonen-Sainio et al. 2012). In spite of these identified differences in risks between crops in Finland, pro-
tein crops do not represent a disadvantageous exception regarding production certainty when compared with 
other European regions contrary to that of wheat yields (Figs 1–3).

Balancing between success and failure through export and import

Finland is an exporter of oat, barley and, at times, wheat. In all these crops export volumes tend to be higher the 
higher the annual total production. Clearly higher import rates for years with lower total production were record-
ed only in the case of wheat. Moreover, increase in rapeseed demand has likely resulted in a situation in which 
higher total national production is associated with higher import volumes. Hence, the question is, would it be 
possible to allocate more land area to protein crops instead of these exported products.  In general, only wheat 
imports exceeded those for rapeseed into Finland. Despite low protein self-sufficiency in Finland, the role of pea 
as an import crop was negligible as soybean dominates import markets.
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Fig. 6. Annual mean and regional range for proportion of harvested yields of winter wheat, spring wheat, barley and oat as 
well as field pea that was considered to be commercially acceptable in 1961–2006. Crop failure year 1987 was not included 
in the statistics, but it is likely that only very poor quality yield was harvested. Dashed line indicates annual regional minimum 
for proportion of yields of acceptable quality when only regions were included that had ≥ 1000 hectares under cultivation of 
a crop, except ≥ 100 hectares for field pea. Data from Tike (2012).
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According to decade-based assessment in the 1970s and 2000s, no marked crop failures were recorded, and less 
wheat was imported than in the 1960s, 1980s and 1990s that had two, two and one marked failure years, re-
spectively (Fig. 4). However, this did not pertain to protein crops: rapeseed import volumes increased, especially 
in the 1990s and further so in the 2000s, while the role of pea as an imported crop dropped steadily and that of 
soybean increased, especially in the 1980s and 1990s. Increased imports of rapeseed during the most recent dec-
ades is not solely a result of increase in global production of rapeseed, or the capacity for rapeseed to substitute 
soybean in animal feeds, but also due to decline and stagnation in national rapeseed yield trend (Peltonen-Sainio 
et al. 2007b). Both increasing volume of monogastric animal production and public policies may also have played 
a role. Rapeseed production has been subsidized in the EU. Since 1992 MacSharry reform, the Common Agricul-
tual Policy (CAP) has aimed at reducing the market prices of European agricultural products first through the use 
of area-based payments and later through the use of decoupled support to arable farming, thus improving the 
competitiveness of European rapeseed over the imported crops.

More detailed analysis was carried out to compare how import peak years for different crops were associated with 
changes in production capacity when compared with associated non-peak import years (Table 3). Peaks in import 
volumes for all cereals were associated with reduction in total production in the preceding year. Grain yields that 
were systematically lower per hectare in a preceding year contributed to reduction in total national production as 
often did smaller cropping area. Again such findings did not concern rapeseed and pea. Furthermore, according 
to limited information available for pea (which completely lacked for rapeseed), a low proportion of high quality 
seed yield was not associated with high import volumes. Only for oat, the most important export crop, were to-
tal national crop failure areas clearly higher in peak import years than in the proximal non-peak years. This was 
also true for oat and barley regarding proportion of high quality yields that were lower for peak than for non-
peak years (Table 3).

All these examples of changes in import and export volumes emphasize that due to the current low national pro-
duction of protein crops compared to use, success or failure in national production does not systematically alter 
their import ratios or that for soybean. As protein crops are, at present, only minor crops in Finland, advances in 
their total production, through increase in cropping area and seed yield per hectare, need to be dramatic until 
fluctuations in their annual production capacities would likely have any significant effect on import ratios. Hence 
the question: is it realistic and if so, what policies could do?

An important question from the global sustainability viewpoint is how nutrient runoffs and greenhouse gas emis-
sions on a global scale may be affected by allocation of land resources to protein crop production instead of for 
instance cereal production. There are different tradeoffs which would require further investigations including: 
1) how does changing land use from e.g. cereals to legumes or rapeseed affect local environmental load, and 2) 
how does environmental load of local protein supply differ from that of imported crop protein when the effects 
of overseas transportation are taken into account. Environmental amenities are of primary importance from the 
policy viewpoint, because they can justify policies which promote local production of protein crops.

Sustainable means to increase domestic protein supply in future?
Unrealized potential for expansion of cultivation

The role of legumes in farming systems has historically been important in sustaining plant production, but such 
production systems have faced biological, economic and/or environmental forces causing change in their use 
(Howieson et al. 2000). Pea and faba bean were grown by early farmers in Finland, with remains dated to 500 
BC (Stoddard et al. 2009). During the last century their area under cultivation did not change substantially when 
compared with the total available arable land in Finland. Pea was grown at most on ~16000 hectares, but since 
1990 its cropping area stagnated at around 4000 hectares only, despite clear improvements in lodging resistance 
and thereby, production security (Hovinen 1988a). Today the most lodging resistant pea cultivars can be grown 
successfully as pure stands (Kontturi et al. 2011). However, intercropping may provide a means for more stable 
production (Kontturi et al. 2011). Therefore, intercropping has typically been more common in the northern re-
gions of Finland with higher production risks compared with southern parts of the country where pure stands are 
predominant (Tike 2012).



A G R I C U L T U R A L  A N D  F O O D  S C I E N C E
P. Peltonen-Sainio and J.K. Niemi (2012) 21: 370–383

372

Ta
bl

e 
3.

  E
xa

m
pl

e 
of

 y
ea

rs
 w

ith
 e

xc
ep

tio
na

lly
 h

ig
h 

im
po

rt
s 

(P
ea

k)
 in

 th
e 

pe
rio

d 
fr

om
 1

96
1 

to
 2

00
8 

an
d 

to
ta

l p
ro

du
ct

io
n,

 c
ro

pp
in

g 
ar

ea
, h

ar
ve

st
ed

 y
ie

ld
, t

ot
al

 c
ro

p 
fa

ilu
re

 c
om

pa
re

d 
to

 c
ul

tiv
at

ed
 la

nd
 a

nd
 

pe
rc

en
ta

ge
 o

f y
ie

ld
 co

ns
id

er
ed

 to
 b

e 
of

 co
m

m
er

ci
al

ly
 a

cc
ep

ta
bl

e 
qu

al
ity

 in
 th

e 
pr

ec
ed

in
g 

ye
ar

 a
s w

el
l a

s t
he

 m
ea

n 
fo

r t
he

 si
x 

ne
ar

es
t, 

no
n-

pe
ak

 y
ea

rs
 (N

on
). 

 D
at

a 
or

ig
in

at
e 

fr
om

 FA
O

 (2
01

1)
 a

nd
 T

ik
e 

(2
01

2)
.

Cr
op

Im
po

rt
ye

ar
Im

po
rt

(M
 k

g)
To

ta
l p

ro
du

ct
io

n 
(M

 k
g)

Yi
el

d
(k

g 
ha

-1
)

Cr
op

pi
ng

 a
re

a 
(1

00
0 

ha
)

To
ta

l 
na

ti
on

al
 f

ai
lu

re
 

ar
ea

(%
)

Hi
gh

 q
ua

lit
y 

yi
el

d†
 (%

)

Pe
ak

N
on

Pe
ak

N
on

Pe
ak

N
on

Pe
ak

N
on

Pe
ak

N
on

Pe
ak

N
on

W
he

at
19

63
33

8
77

42
2

45
0

14
80

18
30

28
6

24
5

·
·

33
77

19
80

31
8

23
20

8
55

5
21

00
30

20
99

18
6

0.
6

4.
0

90
83

19
88

11
2

41
28

1
50

7
20

20
33

00
13

9
15

5
45

.1
1.

6
15

94

19
97

24
6

96
46

4
49

0
37

20
36

50
12

5
13

6
0.

6
7.

9
98

96

Ba
rle

y
19

65
41

14
37

0
48

5
14

70
18

00
25

2
26

5
·

·
65

78

19
82

23
6

12
10

80
16

23
19

00
28

20
57

0
57

9
20

.1
2.

7
(8

2)
*

87

19
88

39
7

10
89

17
08

18
70

29
80

58
3

58
0

45
.1

2.
9

68
95

20
04

73
27

16
97

18
85

32
10

34
00

53
0

55
3

1.
0

2.
4

89
92

O
at

19
63

39
0

61
6

99
7

13
50

21
00

45
6

47
5

·
·

45
82

19
75

6
0

11
13

13
14

20
20

25
30

55
0

51
8

8.
9

3.
5

69
81

19
82

19
0

4
10

08
12

79
23

20
28

70
43

4
44

5
20

.1
1.

7
(8

7)
*

89

19
93

6
1

99
8

12
85

30
20

34
40

33
1

37
3

11
.7

1.
5

95
97

Ra
pe

se
ed

19
68

10
6

9
7

18
80

12
50

5
6

·
·

·
·

19
72

8
5

9
11

14
70

14
40

6
8

·
·

·
·

19
99

94
#

49
64

10
9

99
0

15
50

65
71

22
.2

1.
7

·
·

20
08

19
3#

11
1

11
4

10
5

12
70

13
40

90
78

0.
4

2.
4

·
·

Fi
el

d 
pe

a
19

65
7

6
3

3
16

30
14

70
2

2
·

·
81

63

19
80

6
<1

18
16

21
30

25
00

8
6

0.
6

5.
1

64
86

19
89

6
1

4
11

17
60

24
70

3
4

8.
7

8.
3

82
84

#  In
 a

dd
iti

on
 to

 im
po

rt
ed

 se
ed

, s
ig

ni
fic

an
t c

on
tr

ib
ut

io
n 

of
 im

po
rt

ed
, p

ro
ce

ss
ed

 ra
pe

se
ed

 m
ea

l (
37

 M
 k

g 
fo

r 1
99

9 
an

d 
94

 m
 k

g 
fo

r 2
00

8 
w

hi
le

 n
o 

im
po

rt
 in

 1
96

8 
an

d 
19

72
); 

† 
sh

ow
n 

fo
r d

om
in

an
t w

he
at

 ty
pe

, s
pr

in
g 

w
he

at
; *

 o
nl

y 
ha

lf 
of

 th
e 

so
w

n 
ar

ea
 w

as
 h

ar
ve

st
ed

, h
en

ce
 u

nr
el

ia
bl

e



A G R I C U L T U R A L  A N D  F O O D  S C I E N C E
P. Peltonen-Sainio and J.K. Niemi (2012) 21: 370–383

373

Landraces of faba bean were grown in marginal areas, but in 1969 plant breeding programs were initiated to de-
velop cultivars adapted to Finnish conditions, to partly substitute for imported protein feeds (Hovinen 1988b). Two 
cultivars were released, but without any increase in cultivation area (Stoddard et al. 2009). Only during the very 
recent past has interest in growing faba bean increased and they have been grown a lot in pure stands. Rapeseed 
was introduced into cultivation as a novel crop in the mid 20th century, but it only broke through since the 1970s 
when unreliable winter cultivars were replaced by good spring types of superior quality. Early maturing blue lupin 
(Lupinus angustifolius L.) cultivars also have potential as a novel protein crop for northern agriculture (Anizewski 
1988a, 1988b, Kurlovich et al. 2004). The crop needs to be further investigated as it is presently grown on a very 
limited scale (Stoddard et al. 2009).

When exploring the opportunities to increase production of protein crops in Finland, including rapeseed and legumi-
nous species, a sufficiently long growing season is required to sustain quality and quantity. Differences between regions 
exist regarding early summer precipitation and formation of yield potential, as well as for likelihood of harmful, excess 
precipitation during late seed filling and harvest (Fig. 7). A more critical issue regarding expansion of protein crop produc-
tion area is whether cumulated degree days for a region are sufficient to avoid recurrent uncertainties and crop failures.
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According to long-term climate datasets (Peltonen-Sainio et al. 2009b), of a total of 15 Finnish provinces, 12 con-
tributed >3% to national agricultural land and of these five had  ≥80% and two ~70% of growing seasons with suf-
ficient cumulated degree days, exceeding 1000 °Cd, from sowing to mid-September. Such a temperature sum is 
critical to enable cultivation of protein crops. The requirement is 890, 960 and 990 °Cd for spring barley, oat and 
wheat, whilst it is 1010 and 1090 °Cd for turnip rape and oilseed rape and 930–980 and 1060 °Cd for pea and faba 
bean (Peltonen-Sainio et al. 2009a).

Fig. 7. Regional differences in Finland for a) probabilities of having growing seasons with 800, 900, 1000, 1100, 1200, and 1300 °Cd 
within 10 year periods according to data from 1971–2000 provided by the Finnish Meteorological Institute (Peltonen-Sainio et al. 
2009b), b) 30 year mean (1971–2000) for proportion of accumulated precipitation during the most critical phase of yield determination 
when compared to requirement for undisturbed growth and accumulated precipitation in August (mm) that is deleterious for harvest 
(Peltonen-Sainio et al. 2011d), c) contribution to total agricultural land as well as d) proportion of cultivated area for each crop  to 
total arable land in a region in 2001–2010. Data from Tike (2012).
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When roughly estimating the theoretical maximum potential for increasing protein crop production area, it is im-
portant to consider that at most only 20% of the total agricultural land is available for protein crops. This is be-
cause they require that the maximum frequency for protein crops in a crop rotation is once in four to five years to 
reduce production risks and crop failures caused by diseases and insect pests (Donald and Porter 2009, Jensen et 
al. 2010, Stoddard et al. 2010). In the seven southern regions, with most potential, only 0.9–8.6% of arable land 
is currently devoted to protein crops. Hence, with a 20% theoretical maximum share for each protein crops (rape-
seed and legumes) cropping area could be increased to five times the present area. Consequent increases in total 
protein production capacity, however, depends on how the cropping area is balanced between potential protein 
crops that differ in their protein yields, seed protein contents and composition (Hovinen 1988a, 1988b, Duranti 
and Gius 1997, Kontturi et al. 2011, Peltonen-Sainio et al. 2011a, 2011b) and whether faba bean cultivars that are 
free of harmful tannins, visine and convisine, which limit its use for monogastric animals (Crépol et al. 2010), will 
also be available for northern conditions. This preliminary estimate indicates the general potential for increases 
in protein crop production and encourages detailed estimates to be made for expansion potential. Such estimates 
need to take into consideration e.g., regional differences in balance between success and serious production risks 
for different protein crops, their soil requirements (field sizes, soil types, soil conditions) and their potential to 
substitute for imported soybean-based protein in animal feeds.

In 2008, Finland imported rapeseed (193 000 t), rapeseed meal (94 000 t) and soybean meal (174 000 t) (FAO 2011) 
and produced only 25 % of the rapeseed based protein used for animal feed. Hence, it is evident that expansion 
of protein crop production can have effects on national feed supply and feed imports. However, when taking into 
account the limitations for expansion of protein crop production resulting from crop rotation requirements (com-
pare monocultures that are typical and possible for cereal production at present) and northern growing conditions 
in general, one can conclude that the likelihood of significantly increasing Finland’s contribution to total European 
production of protein crops through intensification remains small. To have any effect on a global scale appears 
impossible. Nevertheless, it is necessary to consider risks for yield instability and crop failures to avoid volatility 
in markets, inefficient resource use and the concomitant risk for leaching of excess nitrogen in the environment, 
especially as leaching risk is particularly high for rapeseed (Peltonen-Sainio and Jauhiainen 2010). On the other 
hand, methods that stabilize yields, such as use of fungicides, reduce the risk nitrogen leaching (Sieling and Kage 
2006). Insufficient crop protection is presently reducing rapeseed resource use efficiency in Finland (Asko Hannuk-
kala, personal communication 2nd February 2011). Improvement of adaptive capacity of protein crops for current 
and future conditions means developing resilient cropping systems and risk avoidance mechanisms, including crop 
rotation with nitrogen efficiently captured by crops subsequent to rapeseed and nitrogen-fixing leguminous crops.

Ecosystem services provided by protein crops
Important drivers for future increases in protein crop production in Finland include the ecological services that 
protein crops provide. Services are direct or as in most cases indirect (Köpke and Nemecek 2010). A typical direct 
ecosystem service provided by leguminous crops is that they fix atmospheric nitrogen and when crop rotations 
are successfully managed, nitrogen that leguminous crops release for the following crop may markedly reduce 
the need for fossil fuel based nitrogen fertilizers that affect the carbon footprint of crop production (Stoddard et 
al. 2009, Jensen et al. 2010, Köpke and Nemecek 2010, Moran et al. 2011). Faba bean does not require nitrogen 
fertilizers (Jensen et al. 2010), and pea only “starter nitrogen” for early growth and plant stand establishment (Mc-
Kenzie et al. 2001). Comprehensive analyses are needed and available for estimation of public goods provided by 
legumes such as potential for reducing nitrogen fertilizer use (Salvagiotti et al. 2008). It can be roughly estimated 
that in Finland, by expanding pea and faba bean production nitrogen fertilizer use could be reduced by 2.5 mil-
lion kg per year in the case that residual nitrogen from leguminous crop is a reasonable estimate of only ~30 kg 
ha-1 (Rathke et al. 2005, López-Bellido et al. 2006, Stoddard et al. 2009, Jensen et al. 2010) and half of the poten-
tial area is devoted to leguminous crops (other half for rapeseed). Developing nitrogen management in agronomy 
not only through enhancing nitrogen use efficiency of crops and cropping systems, but also through supporting 
and utilizing nitrogen fixation and release from leguminous crops in rotations is an important means to meet the 
requirements for ecological intensification, energy savings and efficiency as well as reduction in greenhouse gas 
emissions in the future (Li et al. 2002, Rathke and Diepenbrock 2006, Salvagiotti et al. 2008, Köpke and Nemecek 
2010, Doré et al. 2011).

Diversification of crop production and cropping systems is another multidimensional ecosystem service that 
protein crops provide (Köpke and Nemecek 2010). When historic land use data was assessed, Lautenbach et al. 
(2011) indicated that the ecosystem functioning has degraded in a certain area of East Germany over the last four 
decades and changes in land use configurations played an important role in this degradation. Such findings em-
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phasize the need for diversifying the cereal-dominating cropping systems also in the northern European growing 
conditions. As referred to above, one lesson that was learned from the last extensive crop failures at the end of 
19th century, was loosening the dependency on sole grain crop production that also depleted the soils of nutrients 
(Mukula 1981d). Today there is again an obvious need for crop diversification in Finnish crop rotations (Keskitalo 
et al. 2010). Protein crops with potential for Finnish growing conditions, rapeseed, pea and faba bean, have many 
advantages as break crops, such as ability to break disease cycles, encourage greater soil fertility and microbial 
activity and diversity in soils, exert beneficial effects on soil structure and provide residual nitrogen through le-
guminous crops (Howieson et al. 2000, Karpenstein-Machan and Stuelpnagel 2000, Smith et al. 2004, Shahbaz et 
al. 2006, Kirkegaard et al. 2008, Jensen et al. 2010, Köpke and Nemecek 2010). As break crops, rapeseed and leg-
umes may offer a means to suppress weed growth, due to differential potential to compete with weeds (Zoschke 
and Quadranti 2002), which in turn may enable reduced herbicide doses (Blackshaw et al. 2006). This, however, 
requires that these crops exhibit a rapid early development, short vegetation period and/or dense canopies, which 
are presently sometimes challenges for rapeseed in Finland. 

Spring sown cereals are often grown as monocultures in Finland, especially in the southwestern provinces, which 
have the highest potential yields per hectare due to having the longest growing seasons (Fig. 7a). In contrast, the 
northern regions of Finland have dairy production and large areas of grassland in rotations. Subsoil compaction 
is recognized to be a significant problem in Europe, including Finland, especially in the high potential southern 
regions (Alakukku 1999). The tap root of rapeseed cannot, however, penetrate into strongly compacted soil, but 
it can probably alleviate soil compaction if the soils enable roots to find their way down even after the first wind-
ing (Peltonen-Sainio et al. 2011e). Soil compaction and resultant rapeseed root penetration restrictions are more 
common in direct-drilled soils. This also means that until Finnish fields are too heavily compacted, diversified crop 
rotations are needed to prevent gradual soil deterioration. While rapeseed (Peltonen-Sainio et al. 2011e) may have 
difficulties in heavily compacted soils, faba bean has the capacity to push through extremely hard soils (Martti 
Yli-Kleemola, personal communication 2nd February 2011). On the other hand, Muños-Romero et al. (2011) and 
Lopéz-Bellido et al. (2011) showed that no-tillage favored development of the faba bean root system and nitro-
gen economy more compared with conventional tillage in a Mediterranean Vertisol.

Another dimension of diversification of agroecosystems is crop-pollinator interplay. The ongoing declines in polli-
nator populations at local and global scale cause serious concerns (Biesmeijer et al. 2006). Flower-rich habitats of 
oilseed rape improve early colony growth of bumblebees (Bombus sp.), important generalist pollinators, though 
it does not increase the likelihood of colonies to produce sexual offsping (Westphal et al. 2009). Ecosystem ser-
vices are mutual as services provided by a mass flowering crop for pollinators (Westphal et al. 2009) are rewarded 
by higher seed set (Benachour et al. 2007, Jauker and Wolters 2008). This together with other above mentioned 
ecosystem services often associate with increased productivity and system resilience (Köpke and Nemecek 2010). 
On the other hand, mass flowering oilseed rape may also distort plant-pollinator interactions as certain pollina-
tors may benefit at the expense of other species (Diekötter et al. 2010).

The concept of ecological services is wide as it covers a number of commodities and services that the environ-
ment offers for human existence and well-being. In addition to above described services for development and 
management of sustainable agroecosystems, rapeseed provides also supply services such as raw-materials for 
different industrial applications: vegetable oil for food and biodiesel use as well as protein-rich rapeseed meal for 
livestock feed. Climate change has speed up development of alternative renewable energy sources for fossil fuels 
(Cassman and Liska 2007) and calls for means and solutions to balance between food supply and bioenergy pro-
duction (Cassman 2007). Debate between needs for food security and climate change mitigation is not, however, 
as critical for rapeseed compared with many other field crops as the oil component of rapeseed yield needs al-
ternative uses for processing others than food oil in order to be able to produce as a co-product the high-quality 
protein feed in European arable land.

Climate change
Climate change is important from the policy point of view. Firstly, climate change can justify policies supporting 
the production of protein crops under the northern conditions if these policies are able to mitigate greenhouse 
gas emissions – compared to the alternative that the same amount of crop protein would be produced elsewhere 
and imported to northern regions. However, it is not clear whether switching from imported to locally produced 
crop protein is environmentally viable in this sense. Secondly, climate change in the northern hemisphere will 
likely offer some new opportunities to expand protein crop production (Peltonen-Sainio et al. 2009a) if the grow-
ing season is prolonged as projected (Jylhä et al. 2010). Production security is, however, likely be uncertain in the 
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future. Climate change induced alterations in occurrence of extreme events (Meehl and Tebaldi 2004, Schär et al. 
2004, Planton et al. 2008) and climatic constraints (Trnka et al. 2011), as well as differences between crops, crop-
ping systems and farm characteristics in their vulnerability, responsiveness and ability to cope with unfavorable 
conditions (Reidsma and Ewert 2008, Reidsma et al. 2010, Bindi and Olesen 2011, Peltonen-Sainio et al. 2011c, 
2011d) per se determines the balance between success and failure of crops and cropping systems.

Crop failure risks related to incidence of pests and diseases will probably increase (Ghini et al. 2008, Evans et al. 
2010, Cahkraborty and Newton 2011, Luck et al. 2011) also in the north (Hakala et al. 2011) because many in-
sects and pathogens can complete more reproductive cycles in a warmer climate (Bale et al. 2002, Salinari et al. 
2006). This may be especially critical for rapeseed and leguminous seed crops, for which there is currently need 
for crop protection on a larger scale than for cereals, but also because expansion of their cultivation is likely to 
increase the risks for disease and pest infestation (Huusela-Veistola and Jauhiainen 2006, Peltonen-Sainio et al. 
2012). Therefore, when determining the future strategic goals for sustainable expansion of protein crop produc-
tion, climate change impacts need to be taken into account.

Emphasis on production of biofuels has provided new opportunities for rapeseed production and utilization in 
Europe. Coarse grains are the primary raw material for ethanol production, whereas rapeseed oil is the primary 
raw-material for biodiesel processing (80 %) in EU, the rest shared by palm oil and soybean oil (OECD-FAO 2011, 
see also http://www.agricommodityprices.com). Two thirds of the total rapeseed oil is used for biodiesel produc-
tion. The increase in demand for rapeseed oil for biodiesel is, however, expected to slow down, while human con-
sumption of oil likely continues to increase slowly and steadily. 

Biofuel production has important implications in the world’s protein feed market. Firstly, it increases the supply of 
protein-rich meals and grains which are obtained as by product of biofuel processing, such as rapeseed meal from 
oil processing. EU is the major user of rapeseed meal in animal feeds in the world. Capacity for further increases in 
rapeseed meal production exists, and it also offers a competitive alternative to GMO-free soybean meal imported 
from Brazil and Argentina. Secondly, oilseed prices are expected to rise in the world market in the current decade, 
thus maintaining economic incentives for their production. By contrast, and due to increasing biofuel production, 
soybean and rapeseed meal prices are expected to decrease in the world market, and thus strengthen economic 
incentives to increase their use in animal feeds (e.g. OECD-FAO 2011, Fapri 2011, USDA 2011, European Commis-
sion 2010). These policy and climate change-related global trends are important factors affecting demand, sup-
ply and price of crop-based protein.

Economic feasibility of, and policies for expansion

From the economic point of view, the key issues regarding the potential of rapeseed and grain legumes production 
are whether their cultivation is profitable compared with other field use alternatives and whether their utiliza-
tion as feed is economically rational. This is due to the fact that animals are an important group using crop-based 
protein in Finland. Rapeseed is an important source of protein for ruminants whereas legumes fed to monogas-
tric animals are considered having a considerable potential. Since the prices of local crop products are mainly de-
termined in the global market, it is of primary importance that cultivation costs are low enough when compared 
with imported sources of protein. This is challenging, because in the northern conditions crop yields are typically 
lower than elsewhere (Peltonen-Sainio et al. 2009c). 

An alternative to improve the profitability of protein crop production would be to ask for a higher price premium 
for the crop. However, this would reduce the demand for domestic protein crops when compared with import-
ed high-protein sources, whose prices on the world market would remain unchanged (Juntti et al. 2005; Niemi 
et al. 2011). Hence, policies could promote local protein crop production by measures 1) which reduce the costs 
of cultivation per tonne of crop product and 2) increase subsidies to the crops’ cultivation but not their market 
prices, e.g. through the supply of environmental amenities. Public policies can help to reduce costs of cultivation 
for instance through education and advisory services, research and development, risk management tools and 
other infrastructures. Measures to support output are not viable because subsidies coupled to yields can distort 
the market and thus are not favored by the World Trade Organization. Preferred alternative would probably be 
to promote the provision of public goods associated with protein crops, e.g by supporting versatile crop rotation, 
improved soil structure and reduced nitrogen fertilization. When determining the need for such policy measures, 
one must assess their possibilities to make the difference.
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Because economic return on land is critical for its allocation to protein-rich crops, we conducted a simulation anal-
ysis of gross margins and their volatility. The analysis was meant to evaluate how the average profitability of crops 
varies. Yield variation at the farm level can be more prominent than presented here. Firstly, gross margins for feed 
barley, rapeseed, field pea and faba bean cultivated in subsidy region B, which is in southern Finland, excluding 
the southernmost area, were calculated. The standard cost calculations for barley and rapeseed were based on 
model calculations by Tuottopehtoori (ProAgria 2012), an internet-based tool to compare the return on different 
crops and the various factors which impact their costs of production. The calculations for field pea and and faba 
bean were based on data obtained from Juntti et al. (2005) and MTT’s expertise on their cultivation. The average 
yield and price levels were adjusted to meet the average yield (Tike 2012) and typical price (OSF 2012a,b) levels 
in Finland in 2011 (see Table 4).

Table 4. Simulated mean value (Value, detrended data) and coefficient of variation (CV, %) of yield, price of yield, different cost and 
income lines and return on fixed assets (total revenues minus variable and labour cost).

  Feed Barley Rapeseed Field pea Faba bean

  Value CV Value CV Value CV Value CV

Yield, kg ha-1# 3 545 5  1 284 13  2 415 7  3 000 7  

Yield price, € t-1† 170 15  420 12  200 12  230 12  

Revenues

Market revenues, € ha-1 603 16  538 16  484 14  691 14  

Subsidies, € ha-1* 590 0  594 0  594 0  594 0  

Total revenues, € ha-1 1 193 8  1 132 8  1 078 6  1 285 7  

Variable costs € ha-1††

Seed 108 12  46 5  135 5  135 5  

Fertilizers and limestone 147 14  192 14  80 14  84 14  

Herbicides and pesticides 52 7  109 7  69 7  69 7  

Energy (machinery, drying) 137 8  86 8  78 8  78 8  

Transport of yield to market 68 6  26 13  48 7  60 7  

Costs of operating capital 17 6  16 6  15 4  15 4  

Variable costs, total € ha-1 529 8  474 8  425 6  441 6  

Cost of labour** 179 0  179 0  179 0  179 0  

Return on fixed assets 485 14  479 13  474 12  665 12  

# Detrended values for year 2011 based on data by Tike (2012). Yield of faba bean based on expert data.
† Detrended values for year 2011 based on data by OSF (2012a), ProAgria (2012) and a compilation of buyers’ websites. Because the 
price volatility of field pea and faba bean could not be estimated, their volatility has been assumed similar to that of rapeseed.
* Subsidy payments per hectare for eligible for a crop farm in subsidy region B in 2011. 
†† Input quantities are assumed fixed whereas input prices are volatile. Quantities and average prices were estimated based on ProAgria 
(2001), Juntti et al. (2005), Niemi et al (2011) and authors’ own calculations. Price and cost volatility was simulated using detrended 
estimates based on data by Tike (2012) and OSF (2012b).
** Based on ProAgria (2001).
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Secondly, the effects of systemic risks on cash flow were simulated using Monte Carlo simulation and statistical 
price (OSF 2012a,b)  and yield data (Tike 2012)  (annual data) for year 2000 to 2011 as follows. Time trends of 
yields and price indices were eliminated from the data by using a least squares method (a price index or a yield 
explained by an intercept and a time trend). Thereafter, estimated prices and yields for 2011 were used as the 
baseline. Residuals of the model were used to develop a variance-covariance matrix, which was further used when 
simulating the distributions of yield and price indices. Because there were no annual price data available for field 
pea or faba bean, their price volatility was assumed to be similar to that of rapeseed. It should be noted that sim-
ulated results in Table 4 characterize systemic year-to-year variations in revenues, costs and returns on cultivation 
of specific crops on average. As the results are based on simulated data, annual variation in degree days, precipi-
tation etc. is implicitly included in the results. However, local variation may be larger than represented in Table 4, 
and at the farm level variations are likely to be larger than presented here.

Detrended results in Table 4 suggest that, based on statistical average data only, annual rapeseed and field bean 
price volatility would be smaller than price volatility of barley. Large price volatility of feed barley is mainly due 
to grain price peaks experienced in 2007 to 2011. These few individual years also led to larger total incomes and 
returns on fixed assets for feed barley than for rapeseed, faba bean or field pea. Assuming that the national av-
erage yield would be obtained, there were no substantial differences in the average returns on fixed assets from 
feed barley, rapeseed or field pea. However, faba bean resulted in a higher return than the three other crops. 
These results suggest that it is economically realistic to expand the cultivation of faba bean. Rather equal margins 
for three other crops suggest that they all can be quite equally competitive choices in specific situations. How-
ever, it should be noticed that the average yield for barley is rather low, and that a lower subsidy per hectare is 
paid for barley than for the three other crops. At many farms it is possible to reach considerably higher average 
cereal yield, but it is not known whether they would be able to obtain much higher rapeseed or legume yields.

Coefficients of variation in Table 4 also suggest that economic return on the cultivation of cereals may be more 
volatile than those of rapeseed, field pea or faba bean. This is an interesting result arising from the turbulence of 
cereal markets after harvests in autumn 2007. The results illustrate that besides yield variability, economic risks 
are determined also by other important factors which may not show strong negative correlation with yield in a 
small market such as Finland. Although price volatilities of field pea and faba bean were hypothetical (see Table 
4), statistics provide some evidence that their coefficients of variation would be smaller than that of cereal prices.

Rapeseed production is challenged by high fertilizer costs (Niemi et al. 2011) and further by the crop’s inefficient ni-
trogen use (Peltonen-Sainio and Jauhiainen 2010). Access to low-priced nitrogen fertilizer would therefore promote 
rapeseed production. A previous study (Niemi 2003) analyzing land allocation in crop farms panel data found weak 
evidence that rapeseed areas would increase quite elastically with area-based subsidies and the price of rapeseed. 
More significant factors contributing to the rapeseed area at the farm were low subsidies paid for cereal area and 
large size of a farm. This suggests that policies aiming at increased cultivation of rapeseed should improve return 
on rapeseed area when compared with cereal area. Furhter, Kondouri et al. (2009) found that owners of small 
Finnish crop farms were more risk averse than those of larger ones. Hence, small farms would benefit the most 
from policy measures which reduce risks associated with the cultivation of these crops. Risk management poli-
cies could therefore provide extra coverage against yield risk faced by cultivation of rapeseed, pea and faba bean. 

 The evident bottleneck for pea cultivation in Finland is the high price of certified seed. In some cases, certified 
pea seed can cost even more than is the value of harvested yield (Juntti et al. 2005). Besides high-quality seed pro-
duction, public policies could promote pea and faba bean production by investments in plant breeding with the 
goal of developing high-yielding and robust varieties, as is presently the case in Finland. Expansion of cultivation 
of the pea crop would likely markedly increase volumes of certified seeds in the market and reduce the unit price. 

With reasonable average yields rapeseed, pea and faba bean are able to provide higher profit margin than feed 
barley, but the uncertainty caused by abiotic and biotic constraints should not exceed that in other crops to attract 
the risk-averse farmers (Niemi et al. 2011). As ecosystem services of protein crops in a cereal-dominated cropping 
system may be significant, as described above, but often indirect (compare with reduction in nitrogen fertilizer 
use) and hard to value, we need more comprehensive assessments at cropping system level about the benefits 
provided by rapeseed and legumes. The risks could be addressed also at the farm level because there they may 
have a higher impact. Improvements in protein supply call for comprehensive solutions through the production 
chain but especially on the farms including increasing collaboration between farms. Increased collaboration could 
help to gain economies of scale in arable farming, and thus reduce production costs per unit and the role of risk 
on crop choices (Niemi et al. 2011). Such collaboration between some organic livestock and crop production farms 
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already exists in Finland. Through agreed collaboration, abundantly produced manure is used to fertilize the fields 
of the organic crop production farms. In return, protein crops that diversify crop rotations in crop production farms 
are used as feed protein by collaborating livestock farm. Policies could support such developments by facilitating 
crop and livestock farmers to meet and by supporting environmental amenities associated with such collaboration.

Today protein crops in the EU are entitled to roughly similar subsidies as cereals. In the future, CAP has the stra-
tegic aim to preserve the food production potential on a sustainable basis throughout the EU, thereby, to guar-
antee long-term food security and to contribute to a growing world food demand, which is expected to increase 
by 70 % by 2050. Although the possibilities of national governments in Europe to boost protein production are 
limited, forthcoming CAP reform may provide opportunities to strengthen the cultivation of protein crops. The EU 
commission has proposed CAP measures to get “greener”, meaning that more focus is given to alleviating envi-
ronmental risks and damages caused by agriculture [European Commission, COM (2010) 672 dated 18th Novem-
ber 2010]. Although CAP beyond 2013 is still open, it may benefit protein crop production. For example, the EU 
commission [European Commission, COM (2011) 625 dated 12th October 2011] is proposing farmers to have at 
least three different crop species in cultivation, each contributing at least 5 % of land acerage and none exceed-
ing 70 %. As under the northern European conditions cereal monocultures dominate in field crop agriculture, and 
the number of crops for diversification, is limited, cultivation of rapeseed and grain legumes might be particu-
larly enhanced along with such a CAP reform. Another obvious option is to cultivate at least three cereal species. 
Hence, this may require that policies advance protein crop markets, facilitate collaboration between farms, and 
particularly provide farmers with economic incentives making rapeseed, pea and faba bean cultivation economi-
cally more favorable than that of cereals.

Conclusion

In conclusion, this descriptive analysis of the current status of protein crop production in Finland indicates that 
the northern margins of agricultural production cannot aspire to self-sufficiency in crop based feed protein pro-
duction. However, current production capacities indicate a striking underutilization of protein crops, further pro-
vision of key ecosystem services by their cultivation and thirdly the protein-rich seed yield to be used for animal 
feed to a greater extent than presently. We conclude that protein crop production could be sustainably increased 
by doubling their present cropping areas in the northernmost European regions. While soybean is globally the 
most important protein crop, rapeseed and legumes can be Nordic options to meet the demand for crop protein. 
The analysis suggests that seed protein content, amino acid composition, existence of anti-nutritional factors, 
protein yield potential per hectare, capacity to substitute for soya protein in animal feed, especially for mono-
gastric animals,  production risk and economic incentives associated with the cultivation and feed use of protein 
crops production, environmental amenities as a justification of policy are essential elements to be considered 
when aiming at the expansion of protein crop production. The key questions to explore in more detail are e.g.: 
what are the sustainable future production volumes to aspire at, how to organize cultivation of potential protein 
crops on a regional basis in order to cope with the risks while utilizing increased ecosystem services that protein 
crops provide? From the socio-economic viewpoint it is important that policies secure environmental sustainabil-
ity, keep risk under control and secure low production costs, which facilitate farmers to choose protein crops in-
stead of cereals in cultivation, and domestic protein crops instead of imported protein grains in feed use. Given 
small differences in gross margins of cultivation, it is possible for policies and markets to advance the production 
of rapeseed and legumes.
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