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infektiot kuten klamydia- ja HSV2-tartunnat ja 
emä�imen mikrobiomin epätasapaino voivat 
olla yhteydessä syövän kehi�ymiseen (3,9,10). 
Yhdistelmäpillereiden pitkäaikaisen käytön ai-
heu�amasta riskistä tutkimusnäy�ö on ristirii-
taista (6). 

Kohdunkaulasyövän seulonta-
ohjelman merkitys

Perinteisesti kohdunkaulasyövän seulonta on 
perustunut poikkeavien solujen osoi�amiseen 
kohdunkaulasta otetusta irtosolunäy�eestä 

papakokeella (TAULUKOT 1 ja 2). Levyepiteeli-
syövän esiasteet ovat sytologisesti helpommin 
tunniste�avia kuin adenokarsinooman esi-
asteet. Tästä syystä papaseulonnalla on saatu 
vähenne�yä erityisesti kohdunkaulan levyepi-
teelisyöpien määrää. Adenokarsinoomien ikä-
vakioitu ilmaantuvuus sen sijaan on säilynyt 
ennallaan. Nykyään Suomessa todetaan vuosit-
tain noin 160–180 kohdunkaulasyöpää. Ilman 
seulontaa syöpätapauksia olisi noin 1 000 vuo-
dessa (11). 

Kohdunkaulasyövän esiasteita hoidetaan 
Suomessa vuosi�ain lähes 3 000 – kolminker-
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INTRODUCTION

Crop production in Europe is highly specialized and currently
relies on a very small number of crop species, raising questions
about the sustainability of farming (Tilman et al., 2002).
Furthermore, less than 30% of the demand for protein feed
supplement is produced within Europe (Bouxin, 2014). The
reintegration of legumes into European agriculture could reduce
the current protein de�cit and contribute to the transition to
more sustainable agricultural systems (Voisin et al., 2013).

The use of legumes also a�ects the performance of cropping
systems and their environmental impacts, including (i) nitrogen
supply via biological nitrogen �xation (BNF), reducing the
demand for external nitrogen fertilizers, (ii) positive pre-crop
bene�ts through a combination of residual nitrogen and break-
crop e�ects (Angus et al., 2015; Preissel et al., 2015), (iii) reduced
fossil energy consumption in crop production (Jensen et al.,
2011), and (iv) increased crop diversi�cation and biodiversity
(Köpke and Nemecek, 2010).

Despite these bene�ts, there are good reasons why European
farmers grew grain legumes on only 1.6% of the arable land in
2014 (FAOstat, 2015). These include specialization in a few crops
(Zander et al., 2016), low and unstable yields of grain legumes
(Von Richthofen et al., 2006; Cernay et al., 2015; Reckling
et al., 2015), low and unpredictable policy support (Bues et al.,
2013), and lack of awareness of, and inability to evaluate the
bene�ts of including legumes in the cropping system (Preissel
et al., 2015). As a consequence, the area under grain legumes
declined from 4.7% of arable land in 1961 to currently below
2% (FAOstat, 2015). Organic farms used 6.8% of their arable
land for production of grain legumes in 2014 (Eurostat, 2015).
Forage legume areas also declined because of a transformation
of the ruminant feeding system toward maize silage and soybean
oil cakes, and geographical separation between cereal and cattle-
rearing areas (Voisin et al., 2013).

By introducing legumes into the cropping system, farmers also
introduce more complexity into their planning. To maximize
the bene�ts of legumes while minimizing potential threats, a
number of issues need to be taken into account. The preceding
crop in a rotation should have a high ability to take up available
nitrogen in order to reduce residual soil N levels and allow
BNF of the legumes to be optimized. Legume crops need to
be kept several years apart in the rotation because of their
susceptibility to soil-borne diseases. The following crop should
take up the residual N of the legume quickly, in order to minimize
opportunities for nitrate leaching and nitrous oxide emission.
Legume crops, their management and their e�ects on other crops
in the rotation are speci�c to di�erent climatic and edaphic
conditions (Döring, 2015), e.g., narrow-leafed lupin (Lupinus
angustifoliusL.) is considered suitable for sandy soils with low
soil pH, whereas faba bean (Vicia fabaL.) is typically grown on
clay soils with su�cient rainfall, soybean (Glycine max(L.) Merr.)
requires appropriate daylength to �ower and su�cient growing
degree-days to mature, and pea (Pisum sativumL.) is suitable
for many di�erent soil types. Therefore, the design of cropping
systems needs to be site-speci�c and based on regional expert
knowledge.

Although the positive e�ects of legumes on subsequent crops,
including yield bene�ts and reductions in nitrogen fertilizer
demand, soil tillage and biocide applications are well known
(Angus et al., 2015; Preissel et al., 2015) from �eld experiments,
these e�ects are di�cult to formalize and are rarely consideredin
modeling (Bergez et al., 2010). Life cycle assessments comparing
rotations with and without legumes have been carried out (e.g.,
Nemecek et al., 2008; Köpke and Nemecek, 2010) but these work
with a limited set of rotations and do not include the detailed
levels of �eld management required to evaluate all rotational
e�ects.

In order to focus research and policy intervention, a method
is needed to assess the economic and environmental e�ects of
changes to cropping system design, such as the integration of
legumes. To identify novel practices that achieve high economic
and environmental bene�ts the method should provide a range
of crop combinations and evaluate management options beyond
current farming practices.

We earlier (Reckling et al., 2016) formulated an assessment
framework that allows a systematic analysis of a large rangeof
cropping options. It operates on the cropping system scale and
takes rotational e�ects of crops such as legumes into account.

The objective of this study is to assess the economic and
environmental e�ects of integrating legumes into cropping
systems, in order to identify potentials and limitations of
increasing legume cultivation in Europe. For the analysis we
apply the cropping system framework byReckling et al. (2016)
in case studies in Germany, Italy, the United Kingdom, Romania,
and Sweden. We hypothesize that the integration of legumes
increases positive environmental impacts and at the same time
reduces economic returns, thus leading to greater trade-o�s
between economic and environmental bene�ts.

METHODS

The static and rule-based framework developed byReckling
et al. (2016)was used to assess cropping systems in �ve case
studies following three steps: (i)generate crop rotations(using
a rule-based rotation generator), (ii)calculate the impact of
crop production activities(using environmental and economic
indicators), and (iii)assess and compare cropping systemswith
and without legumes. FollowingBergez et al. (2010), we used a
multi-criteria analysis for the identi�cation of trade-o�s.

Case Studies
Five contrasting regions were selected across Europe (Figure 1):
Brandenburg (BB) in north-eastern Germany, Calabria (CB) in
southern Italy, eastern Scotland (ES) in the United Kingdom,
Sud-Muntenia (SM) in Romania, and Västra Götaland (VG) in
western Sweden. The regions are characterized by contrasting
climatic conditions and cropping systems, and were selected
to represent a broad range of bio-physical and socio-economic
conditions and possible roles of legume production. In all
regions, legumes occupy less than 2.5% of the arable land.
Within case studies, land capability types were de�ned by
regional classi�cations and di�erences in soil texture (Table 1).
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