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1. INTRODUCTION 

Nitrogen is generally the first limiting nutrient for plant growth.  Until the invention of 
synthetic nitrogen fertiliser, early in the 20th century, legumes, with their capacity for 
biological nitrogen fixation (BNF) in symbiosis with bacteria of the Rhizobiaceae, were the 
main source of agricultural nitrogen.  As nitrogen fertiliser became cheap, its use 
expanded and has continued to grow, with the result that there is now considered to be too 
much reactive N in the biosphere (Rockström et al. 2009), with associated problems of 
nitrate leaching into water and nitrous oxide emission into the atmosphere.  Legume crops 
offer a great deal more to agricultural systems than BNF alone, and the Legume Futures 
project has explored many of these effects.  This report presents a synthesis of the effects 
of agricultural legumes in rotations.  It refers to other Legume Futures reports, in 
preparation at the same time, for greater depth on some issues. 

2. LEGUMES IN FARMING SYSTEMS 

Pre-crop effects in arable systems 

The effect on the yield of subsequent crops in the rotation has been reviewed in detail by 
Luetke-Entrup et al. (2003), Kirkegaard et al. (2008) and Peoples et al. (2009a). The pre-
crop effect can be split into the ‘break-crop effect’ and the ‘nitrogen effect’, which typically 
act in a combined manner (Chalk 1998).  In contrast to the ‘nitrogen effect’ described 
below, the ‘break crop effect’ is not specific to legumes, but occurs when sequences of 
similar crops, typically cereals  in much of Europe, are ‘broken’ by an alternative crop, 
usually broad-leaved or a ley, although by some definitions a spring-sown cereal counts as 
a break (Robson et al. 2002).  By reducing the potential for pests, diseases and weeds 
and positively affecting soil fertility, dicotyledonous break crops are reported to increase 
subsequent cereal yields by 15 to 25% (Kirkegaard et al. 2008).   Much of the yield benefit 
of legumes in some experiments was attributed to reduced leaf and root disease incidence 
in the following cereal crop (Prew and Dyke 1979, Stevenson and van Kessel 1997). 
Some of the other aspects of the pre-crop effect of legumes are attributed to the 
production of hydrogen gas as a by-product of BNF and, in turn, its effect on soil 
microbiology (discussed below in the section on "soil organic carbon"). 

The nitrogen effect 

In addition to the break crop effect, provision of nitrogen derived from BNF to the 
subsequent crops (‘nitrogen effect’) increases yields especially where subsequent crops 
receive low or moderate levels of fertiliser. The nitrogen effect has been reviewed in detail 
by Jensen (1997), Chalk (1998), Giambalvo et al. (2004), Peoples et al. (2009b) and 
Köpke and Nemecek (2010), and is illustrated following these authors in Figure 1.  
Extensive research on the N contributions of legumes (Figure 1, steps a to e) has revealed 
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considerable difficulties in accounting for the below-ground plant N, plant N that is 
mobilised over time, site- and management-specific factors, and alternative paths of N 
take-up such as ‘pool substitution’, wherein the labelled legume N is immobilised by soil 
bacteria and older N from the soil nutrient pool is mineralised and taken up by the 
subsequent crop instead.   Therefore, these measurements do not adequately explain the 
high amounts of increased N uptake (e) in subsequent crops, which results from uptake of 
N from BNF or through ‘pool substitution’, as well as enhanced root health, root growth, 
and mineralization (Kirkegaard et al. 2008, Peoples et al. 2009a).   This was shown in 
experiments where direct uptake of 15N-labeled legume-N was only a fourth of the 
additional N uptake of the subsequent crop (Huber et al. 1989, Khan 2000 cited in Peoples 
et al. 2009a).  In European experiments, increased N uptake of crops after grain legumes 
reached up to 61% or 36 kg ha-1 for a vetch-barley rotation in Cyprus (Papastylianou 2004).  
This N effect appears to be generally lower in Europe than in North America or Australia, 
where the increase is up to 112% or 55 kg ha-1 (Evans et al. 2003).   

Forage legumes take a larger proportion of their N from BNF than grain legumes (Carlsson 
and Huss-Danell 2003), and fix more N in total due to their high biomass production and 
longer growth period, but this is countered by the fact that they are seldom grown in pure 
stands and generally comprise the lesser part of a mixture with grasses.   Average annual 
BNF for clover-grass mixtures (>60% clover) and pure stands of red clover in Germany 
were 221 and 306 kg ha-1 of N, respectively (KTBL 2009).   In pure stands, forage legumes 
derive a similar proportion of N in their shoot biomass from BNF as grain legumes (ca.  
70% of nitrogen is derived from the atmosphere (Ndfa), Stein-Bachinger et al. 2004).  In 
mixtures compared with pure stands, total N fixation per hectare is lower, but N efficiency 
is increased to 80-95% Ndfa (Stein-Bachinger et al. 2004).   
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Figure 1. The nitrogen effect of legume pre-crops on subsequent crops 

Fertiliser savings 

Legumes require almost no N fertiliser and the pre-crop effect enables farmers to reduce 
fertiliser use in following crops.  A grain legume may save some 150-200 kg ha-1

 of N 
fertiliser compared to a cereal or rapeseed crop, as well as some 20-50 kg in the 
subsequent crop.  Where an unfertilised legume-grass ley replaces one of pure grasses, 
forage legumes save 150-300 kg ha-1

 of N fertiliser by covering their own nitrogen 
requirements as well as those of the grass component (Peyraud et al. 2009), along with 
leaving 20-50 kg ha-1

 for the subsequent crop.   In generated 3- to 6-year crop rotations in 
five case studies across Europe, models showed that 21 and 88 kg ha-1

 of N fertilisers 
could be saved on average in grain and forage legume rotations compared to rotations 
without legumes (Bues et al. 2013; Legume Futures report 1.4).  N fertiliser savings were 
very variable across sites.   

Higher savings can be achieved in the subsequent crops after legumes but are not fully 
utilised in current farming practise.   This was shown by surveys among farmers and 
experts, which estimated that 20-35 kg ha-1 fertiliser are saved (Alpmann et al. 2013; 
Legume Futures Survey reported in Table 1).  Only when fertiliser costs relative to product 
prices are high or there are limitations on fertiliser use, such as in organic farming or in 
environmental schemes, are farmers likely to reduce fertilisation after legumes to more 
fully exploit the nitrogen carryover effect.   



Legume-supported cropping systems for Europe 
 

 

Legume Futures Report 1.6: 
Effects of legume cropping on farming and food systems 

 

7 

Table 1: Fertilisation practices for major protein crops and winter wheat in five case study 
regions across Europe1 

Crop Yield 
(t ha-1) 

Regional average mineral fertiliser  
applied (kg ha-1 ) 

Experts view of 
mineral N fertiliser 
saved in farm practice 
in succeeding wheat 
(kg N ha-1 ) 

N P K 

Faba bean (DE, IT, 
SC, SE) 

1.6-5 0 15-20 25-45 0-20 

Pea (all countries) 1.2-4 0 15-20 25-40 0-20 

Lupins (DE) 2.5-3 0-30 15-35 30-35 0-20 

Forage legumes, dry 
matter 

6-15 0-65 0-15 0 0-20 

Winter wheat 3.2-8 135-200 25-30 20-60 0 
1  Location and soil type: Scotland (Eastern, grade 3), Italy (Calabria, loam), Sweden (Västra Götalands, 
silty clay loam), Germany (Brandenburg, sandy clay loam) and Romania (Sud-Muntenia, Chernozem) 
Source: Legume Futures survey in five case study regions across Europe. 

Yield benefits of grain legumes 

The yield benefits of legumes for subsequent cereal crops, in comparison to continuous 
cereal cropping, has been estimated at 49% for Australia and 37% for tropical systems, 
without taking account of fertilisation levels (Evans and Herridge 1987, Peoples and 
Craswell 1992, both cited in Kirkegaard et al. 2008).  Another review of Australian data 
quantified yield benefits compared to pure cereal sequences at 40-50% for low N levels 
and 10-17% for high N levels (Angus et al. 1991).  However, under European conditions 
where higher yields prevail, more intensive management, and different climatic factors 
affecting N dynamics, the yield benefits appear to be lower, especially since high inputs of 
N are generally used in spite of the fertiliser savings potential after legumes.  Experimental 
data from temperate Europe show that cereals yield on average 17 and 21 % more after 
grain legumes than after cereals under usual and moderate fertilisation levels, respectively 
(for example Prew and Dyke 1979, Jensen and Haahr 1990, Panse et al. 1994, Maidl et al. 
1996, Charles and Vuilloud 2001, Dachler and Köchl 2003, Jensen et al. 2004).  The yield 
benefit is smaller and less certain in comparison to other broad-leaved pre-crops (for 
example Dyke and Slope 1978, Dachler and Köchl 2003, Kaul 2004) and in Mediterranean 
climates where water availability limits yield (e.g.  López-Fando and Almendros 1995, 
Giambalvo et al. 2004, Kraljević et al. 2007).  Rapeseed and potatoes also benefit from 
grain legume pre-crops (for example Jensen and Haahr 1990, Charles and Vuilloud 2001).   

Productivity in grasslands and leys 

In grassland, forage legumes can improve economic performance at the farm level through 
fertiliser savings and improved animal productivity.  N fertiliser costs can be a significant 
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factor for farm economic performance of temporary leys and permanent grassland.  A high 
legume content in permanent pastures can save 136-400 kg N ha-1 (Humphreys and 
Phelan 2013), and in a Dutch experiment fertilisation was reduced by 210 kg N ha-1 (Schils 
et al. 2005).  Herbage and milk production from a perennial ryegrass/white clover pasture 
have been shown to be similar to that from perennial ryegrass receiving 200 kg N ha -1 yr-1 
and around 70% of that of perennial ryegrass with 350–400 kg N ha-1 yr-1 (Andrews et al. 
2007).  Increased reliance on nitrogen from white clover and reduction in N fertilisation can 
improve economic performance at the farm level when fertiliser prices are moderate or 
high and milk prices are low or moderate (Humphreys et al. 2012), and reduce the impact 
of N fertiliser price increases and fluctuations observed in the last decade (Fuchs and 
Hoffmann 2013). 

In pasture-based dairy systems, animal productivity was higher with utilisation of white 
clover and reduced stocking densities during the grazing period, but comparable during 
the housing period when animals were fed silage of either grass or grass/clover (Schils et 
al. 2000).  Productivity per hectare was reduced due to the reduced stocking densities.  
Several studies confirm that clover improves sward nutritive value, herbage intake rates, 
and milk production per cow when grazed or fed as fresh matter, hay or silage (Harris et al. 
1998, Dewhurst et al. 2003, 2009, Moorby et al. 2009).  There is also increasing evidence 
of the value of alternative legumes such as birds-foot trefoil in increasing the productivity of 
dairy cows compared with traditional forages such as red clover or alfalfa (Hymes-Fecht et 
al. 2013).  Ad-libitum grazing of clover-rich pastures can lead to increased risk of bloat, so 
high clover contents may not be feasible in extensive grazing systems, compared with 
pastures are paddocked (Schils et al. 2000).  Bloat risk and nutritive value differ between 
legume species, due to the positive effect of secondary plant compounds such as tannins 
(Kleen et al. 2011, Patra and Saxena 2011).   

Moreover, forage legumes can positively affect the nutritional and sensory quality of 
animal products.  Higher levels of desirable polyunsaturated fatty acids and essential 
amino acids in milk are known to be associated with feeding both red and white clovers 
(Dewhurst et al. 2003, Moorby 2009, Baars et al. 2011).  This is also reflected in consistent 
differences between organic and conventional milk where there are more legumes fed 
within the organic diet (Ellis et al. 2006).  The sensory characteristics of cheese are 
affected by the production system, and botanical composition of the sward is one part of 
the ‘terroir’ effect (Whittington 2006, Wood et al. 2007) that links food to its place of origin 
(Martin et al. 2005, Moloney et al. 2008).  Feeding red clover can also increase aspects of 
the nutritional quality of red meat compared with grass (Scollan et al. 2006). 

Soil structure and organic matter 

Legumes can improve soil structure, water holding capacity, humus content, and organic 
carbon content (SOC) of soils (Leithold et al. 1997, Jensen et al. 2011), and reduce soil 
compaction by providing a continuous network of residual root channels and macropores 
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in the subsoil, penetrating soil hardpans (especially by vigorous tap-rooted species) 
(Jensen and Hauggaard-Nielsen 2003, Peoples et al. 2009b).  Legumes can increase 
SOC in several ways.  First, they supply biomass, organic C, and N; this is especially the 
case for forage legumes and accounts for the negative effects on SOC of low dry matter 
producers such as lentil and pea, and the positive effects of certain non-legume, high dry-
matter producers such as maize (Castro and Logan 1991 in Cederberg and Flysiö 2004, 
Lemke et al. 2007, Garrigues et al. 2012b).  Secondly, they produce hydrogen gas as by-
product of BNF, which supports the growth of bacteria in the rhizosphere of the legume 
nodule (La Favre and Focht 1983). Thirdly, legumes indirectly improve soil properties and 
SOC by enabling reduced tillage measures, namely a 2-3 year tillage break in ley-arable 
rotations, and reduced tillage after the legume in pure arable rotations due to the fast 
break-down of legume residue (Nemecek et al. 2008, Köpke and Nemecek 2010, Alpmann 
et al. 2013).  In a survey of 75 grain-legume producers in Germany, 64 respondents stated 
that they applied direct seeding after a legume pre-crop, and 30 reduced tillage on the 
whole farm (Alpmann et al. 2013).  There are also experiences with direct seeding of faba 
bean including in rainfed Mediterranean conditions with herbicide application (López-
Bellido et al. 2003), or in areas with low pressure from perennial weeds (Köpke and 
Nemecek 2010). 

The effect of soil carbon sequestration is more clearly shown for forage legumes than for 
grain legumes, with the highest impact in permanent pastures with perennial legume 
species (Jensen et al. 2011).  Many studies report higher soil organic matter contents 
under grass-legume mixed swards than in pure grass swards (Ruz-Jerez et al., 1994; 
Mortensen et al., 2004).  A number of models suggest that the conversion of short-term N-
fertilised grass leys into grass-legume mixtures could sequester C into soil organic matter 
(Soussana et al., 2004).   Absolute values will depend on species mixtures and cutting and 
grazing management as well as soil and climatic conditions.  Gregorich et al. (2001) 
showed that 35 years of a lucerne/maize rotation provided about 20 t ha-1

 more soil carbon 
than continuous maize.  Mixtures of grasses and legumes have been shown to sequester 
more carbon than the corresponding monocultures (Fornara and Tilman 2008).  In contrast, 
grain legumes cultivated under conventional tillage cannot always balance the losses of 
SOC through the tillage measure (Jensen et al. 2011).  The legume effect on SOC was not 
detected in a comparison of continuous wheat with a wheat-faba bean rotation in a 
Mediterranean system (Lopez-Bellido et al. 2010).   

Through facilitating reduced tillage systems, the soil-improving effect of legumes has a 
directly detectable effect for farm economic performance.  Conservation tillage has been 
shown to reduce production costs more significantly when the change in tillage is 
combined with the diversification of the crop rotation by including a legume.  Luetke-Entrup 
et al. (2006) registered cost savings of 21% when switching from a ploughed, cereal-
dominated rotation to a conservation tillage rotation including a legume, compared to cost 
savings of 12.5% when only the tillage system was changed but the cereal-dominated 
rotation was maintained.   
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Nutrient conservation 

N-losses via leaching 

Nitrate leaching has been found to occur in both legume-supported and fertilised cropping 
systems (Crews and Peoples 2004).  A limited number of studies report lower N leaching 
rates in legume-supported systems compared to fertilised systems (Crews and Peoples 
2004). 

In arable systems, the amount of nitrogen leaching is the result of two counteracting 
processes as has been shown by calculations for life-cycle assessments (Nemecek et al. 
2008).  Nitrate emissions to water from the normally unfertilised legume crop itself are low, 
but emissions in the subsequent crop are frequently reported to be higher.  The greatest 
risk of leaching loss from legume-supported rotations exists after the legume harvest and 
in the first growing phase of the subsequent crop when the crop demand for mineral N is 
low (Fillery 2001; Peoples et al. 2009b).  In addition, in temperate climates, grain legumes 
are often spring sown resulting in over-wintering fallow.  The risk for nitrate leaching during 
the winter fallow before the legume is sown has led to unfavourable assessment of spring-
sown legumes in some LCAs, but it can easily be minimized by cover cropping.  Some 
very deep rooting legume crops such as lupins potentially reduce nitrate leaching by taking 
up nitrates from deep layers of soil (Dunbabin et al. 2003).   

The risk of leaching after grain legume harvest can be minimized by several strategies.  
These include the use of catch and cover crops (e.g.  Justus and Köpke 1995), cereal-
legume intercropping (Pappa et al. 2012, Jensen and Hauggaard-Nielsen 2003, Justus 
and Köpke 1995) and early sowing of winter crops after the legume such as rapeseed.  
Catch crops can be stubble seeded or undersown in the grain legume crop and take up 
nitrate and other nutrients until they are frost-killed or tilled.  Justus and Köpke (1994) 
showed that undersown brassicas were more efficient in reducing leaching than ryegrass 
and intercropping with cereals without reducing the legume grain yield. 

In forage-based systems, reliance on white clover reduces leaching by 45-101 % 
compared to fertiliser-based systems (Haas et al. 2001, Thomassen et al. 2008, Dolman et 
al. 2012).  These reductions are mainly an effect of lower fertiliser application and lower 
nitrogen surpluses.  However, higher N losses associated with less efficient utilisation of 
dietary N and increased urinary N output with legumes compared to grasses may occur.  
Legumes with higher tannin content such as birdsfoot trefoil are valuable in terms of 
reduced N output (Dewhurst et al. 2003, 2009).  In legume-grass mixtures, the grass 
component receives N from the legume (Pirhofer-Walzl et al. 2012) that could potentially 
be leached in sole cropping.  The largest risk of N losses from forage legumes in 
ley/arable rotations occurs after the ley is tilled (Davies et al. 2001, Watson et al. 1993) 
although ley age, composition (Eriksen et al. 2004)) and  time of ploughing (Borgen et al. 
2012) impact on losses. . 
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Soil erosion 
Legume crops often reduce the potential for erosion by water through reducing soil 
erodibility via improving soil structure, improved water infiltration, and water holding 
capacity (Bruce et al. 1987, Jensen and Hauggaard-Nielsen 2003, Peoples et al. 2009b, 
Jensen et al. 2011), and by enabling reduced tillage (see section 2.3).  Perennial forage 
and (legume) cover crops grown before spring-sown crops reduce water erosion further 
through permanent soil cover (Peoples et al. 2009b).  Major soil erosion models (USLE, 
Wischmeier & Smith 1987, and RUSLE2, Renard and Ferreira 1993) often do not reflect 
this positive impact because they do not take into account the effects of crops on soil 
erodibility, so estimate that grain legumes lead to increased soil erosion simply because 
they cover the soil for less time than autumn-sown crops (Garrigues et al. 2012a, 
Garrigues et al. 2012b, Núñez et al. 2012).   

Efficient utilisation of phosphorus 

Phosphorus requirements of forage legumes are comparable to those of pure grassland.  
A major distinction between legumes and non-legumes is legumes are generally able to 
solubilise soil phosphates through root exudates (Nuruzzaman et al. 2005), and the deep 
rooting of some species contributes to efficient nutrient utilisation (Jensen and Hauggaard-
Nielsen 2003).  Roots of most legumes release carboxylic acids that solubilise phosphate 
ions from bound forms such as calcium and iron phosphates that are otherwise 
unavailable to plants and immobile in the soil.  The process is to an extent self-regulating: 
the lower the phosphorus concentration in the soil, the more acid is released, and 
depending on the species, up to 8 acids are released (Egle et al. 2003).  This also benefits 
the phosphorus uptake of a cereal grown in mixture with the legume (Li et al. 2007) and 
cereals grown after a legume crop (Nuruzzaman et al. 2005).  One side-effect of the 
release of acids by legume roots is a gradual acidification of the soil, usually countered by 
periodic applications of lime, and partially countered by the alkalinity of the crop residues. 

Legumes efficiently utilize P (and potassium) surpluses in many European soils, thereby 
reducing the risk of losses of these nutrients.  Many European soils are over-saturated 
with P, either due to high historic P fertilisation levels or because fertilisation with animal 
manures provides more P (and potassium) than required by cereals (Hooda et al. 2001).   

Nutrient recycling 

Legumes play a key role in integrating livestock and crop production by increasing the 
recycling of nutrients on and between farms and thus potentially reducing nutrient losses 
considerably (Granstedt 2000).  Spatial separation of livestock and feed production 
between continents and regions, e.g. that which characterises pig and poultry production 
in north-western Europe, results in high P losses that are likely to increase further (Larsson 
and Granstedt 2010).  Smaling et al. (2008) also highlighted the effects of the decoupling 
of livestock production from the land resource base on worldwide nutrient fluxes with 
respect to nitrogen flows in the Brazilian soybean chain.  The potential for nutrient 
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conservation through on-farm feed production, including from on-farm legume production, 
is illustrated by a comparison of a conventional with an “environmentally optimised” 
Swedish pig farm (Cederberg and Flysiö 2004).  Compared with conventional pig 
production with substantial quantities of purchased feeds, production based on on-farm 
feed production offers opportunities to conserve the use of P and K substantially.  Local 
grain legume production facilitates such resource-conserving systems.    

3. ENVIRONMENTAL AND RESOURCE IMPACTS 

Legume-supported farming systems have multiple impacts on the sustainability of farming 
in terms of resource use and effects on the environment.  Several reviews have described 
the processes and environmental effects in detail (Nemecek et al. 2008, Peoples et al. 
2009a, 2009b, Köpke and Nemecek 2010, Jensen et al. 2010, 2011).  In this report, we 
will take on a different perspective by analysing the environment and resource impacts 
over the life-cycle of agricultural production, especially relating to the impacts on climate 
change and biodiversity loss – the areas in which human interventions have most strongly 
exceeded the boundaries that have been proposed as safe operating space (Rockström et 
al. 2009). 

Life Cycle Assessments (LCA) consider the environmental effect of processes within a 
production system and provide a means for comparing the environmental impacts and 
resource use of commodities, products and processes throughout their life-cycle, from 
‘cradle to grave’ (Brentrup 2004).  Table 2 compiles comparative LCA studies of legume 
crop products versus other European crops, feed ingredients or feed formulas, the latter 
taking account of the different feed values of protein sources.  Comparisons of crop 
rotations further take account of the effects of grain legumes on subsequent crops and on 
the choice of crops that are replaced by grain legumes. 

As most of the grain legume commodity is used in animal feeds, Table 3 compiles LCAs 
that demonstrate the effect of increased grain legume inclusion in feed formulas on the 
environmental performance over the life cycle of animal products based on such feeds.  In 
such studies, inclusion of starchy pea or faba bean in feed formulas partially replaces 
cereals as well as soya.  Table 4 compiles LCA studies relating to ley- and pasture based 
animal production with relevance to forage legumes.  Such assessments also depend on 
the different feeding values of the components and associated changes in feed 
composition, effects on animal productivity, and effects on excretions of nitrogen 
compounds.  Feed crop production accounts for the major part of environmental impacts in 
the life-cycle analyses of animal products: 

50-75% of energy consumption, 
47-88% of greenhouse gas emissions, 
50-98% of eutrophication, 
28-98% of acidification, and 
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>96% of land use (for references see Table 3). 

Differences in transport have generally minor effects on the overall environmental impacts 
of end products1 , but transport-related environmental impacts can in some cases be 
significantly reduced by replacing imported soya bean meal with European grain legumes 
(Baumgartner et al. 2008), especially when these are produced on the farm (Table 3).   

Legumes and their potential for climate change mitigation  

The agricultural contribution to climate change has been estimated at 13.5% of worldwide 
greenhouse gas (GHG) emissions (CO2 equivalents) (De Klein et al. 2006).  Legume-
supported systems have a high potential for mitigating climate change through significantly 
reducing fossil energy use and GHG emissions and maintaining positive soil carbon 
balances, and their increased diversity holds potential for adapting to climate change 
although little empirical knowledge is available on the latter.   

Energy use 

Through the savings in nitrogen fertilisers, improved soil structure and potentially reduced 
tillage intensity (Section 2.5), legume-supported systems require less energy for fertiliser 
manufacture and machinery fuel.  This effect is especially large for ley/arable rotations, but 
also exists for grain legumes in arable rotations, for which reduced overall energy use has 
been shown by LCA studies (Table 2).  Grain legumes reduce energy use by up to 35% 
compared to other European crops, by more than 60% compared to imported soya bean 
meal and cake, and by up to 31% in four case studies comparing crop rotations.  However, 
the results for cropping systems were greatly affected by the assumptions about the crop 
being replaced.  For example, energy use for grain drying dominated the positive effect of 
replacing grain maize by pea/soya bean in a Swiss study, whereas in a case in Spain, pea 
replaced an unfertilised sunflower crop leading to zero or negative effects on the rotation’s 
energy use.   

When soya-based animal feeds were substituted by pea- or faba bean-based ingredients, 
the effects of feed production were less significant than other main energy-using 
processes involved, but reductions up to 9% were achieved (Table 3).  In animal 
production, reductions in transport and partial replacement of highly fertilised cereals by 
pea starch in feeds were the main contributors to energy-use reductions.  A more 
systematic shift to largely integrated production with on-farm feed production achieves the 
largest energy-use reductions up to 19%. 

 

1 Transport contributes 4-27% of energy demand, 2-15% of GHG emissions and around 18% of acidification 
in the studies listed hereafter. 
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Nevertheless, energy savings and other environmental benefits of grain legumes on a per 
unit product basis are constrained by currently low yields (see also the contrasting impacts 
on land use, Tables 2 and 3).  Low yields led to non-significant effects on energy use and 
negative effects on GHG emissions per kg product in a Swiss case (Nemecek et al. 2005).  
In the comparisons of crop rotations, such yield differences are not factored into the 
assessment but reduced environmental benefits due to low yields have also been noted 
(Nemecek and Baumgartner 2006, Baumgartner et al. 2008).   

Reduced greenhouse gas emissions 

Significant reductions in global warming potential, specifically of the greenhouse gases 
CO2 and N2O, are a logical consequence of reduced fertiliser and energy use in arable 
systems with legumes.  Fertiliser production leads to estimated CO2 emissions of 300 Tg 
from fossil energy sources worldwide (Jensen et al. 2011).  N fertiliser savings of legume-
supported rotations across Europe (Legume Futures report 4.2) are equivalent to 66 and 
277 kg ha-1

 of CO2 savings per year on average across rotations for grain and forage 
legume rotations, respectively (1 kg N = 3.15 kg CO2, Jensen et al. 2011).  Although CO2 
emissions from nodulated roots of legumes can be higher than from other crops and 
fertiliser production, this C is considered not to affect CO2 concentrations in the 
atmosphere since it has been captured by recent photosynthesis (Jensen et al. 2011). 

In addition to carbon dioxide, nitrous oxide (N2O) emissions to the atmosphere tend to be 
lower in grain and forage legumes compared to N-fertilised crops and pastures (Rochette 
and Janzen 2005; Lemke et al. 2007; Dusenbury et al. 2008; Jensen et al. 2011).  In 
contrast to earlier assumptions, there is no direct association between N2O emissions and 
the process of BNF (Jensen et al. 2011), and emissions from the residue depend not on 
the crop family but on whether straw is exported or mulched (De Klein et al. 2006, Lemke 
et al. 2007, Jensen et al. 2011).  In a review of studies, Jensen et al. (2011) reported 
average direct N2O emissions from legume fields to be less than half of those from non-
legume crops (1.29 kg N2O–N ha-1

 compared to 3.22 kg N2O–N ha-1
, respectively).  

However, data on N2O emissions vary widely.  Besides different rates of N inputs, climatic, 
soil and management conditions, differences between legume species and cultivars 
contributed to the variability (Pappa et al. 2011).  Furthermore, it has been proposed that 
N2O emissions relate to N balance rather than N application (Wiltshire et al. 2012).  Pappa 
et al. (2011) highlighted the potential of legumes to further reduce N2O losses when grown 
in legume-cereal intercropping systems.  Furthermore, the inhibiting effect of some 
rhizobia and other bacteria on denitrification in the root zone of some plants can reduce 
N2O emissions (Henry et al. 2008, Sameshima-Saito et al. 2006). 

The current guidelines for national greenhouse gas inventories of the IPCC 
(Intergovernmental Panel on Climate Change 2006) exclude BNF of legumes as an input 
for calculating emissions.  However, many studies still apply previous IPPC guidelines 
where BNF is calculated with the same emission factor as N fertilisers (1.25%) leading to 
an overestimation of the N2O contributions from legume-supported systems (Tables 2-4).  
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When only studies with the current method are considered, global warming potential is 
more than halved by grain legumes compared to other crops or soya products, reduced by 
about 12% in legume-based rotations and by more than 20% by legume-based animal 
products.  In a sensitivity analysis for one case study, Nemecek and Baumgartner (2006) 
found that the change in methodology reduced the estimate of total N2O emissions of the 
legume by 47%, gaining a 4.6% reduction of global warming potential of the crop rotation 
instead of a 3% increase with the old methodology.  Thus it is reasonable to assume that 
the results of LCAs for global warming potential would be in all cases positively to very 
positively affected by legumes with the current methodology.  Exact estimations of grain 
legume emissions of N2O would further require taking weather patterns into account 
(Goglio et al. 2012). 

Most studies also considered the impact of land-use change through Latin American soya 
production.  Topp et al. (2012) found no greenhouse gas effect of European pea- or bean-
fed pork compared to pork fed with imported soya-based feed per unit of meat product, but 
when land-use change (deforestation and destruction of grasslands in South America) was 
incorporated into the LCA, the European-grown protein diets had an advantage over the 
soya-based diets in terms of GHGs (Topp et al. 2012).   

Global warming potential of ley and pasture based farming systems 

In ruminant farming systems, methane emissions from the animals form the major part of 
GHG emissions, and are still the majority of total GHG emissions when measured across 
the whole EU livestock sector (Lesschen et al. 2011).  Hence the environmental impacts of 
ruminant production show little effect of soya replacement and of the fertiliser savings 
potential of forage legumes, as shown for French beef production systems (Nguyen et al. 
2012) (Table 4).  Nevertheless, comparisons of grassland farming systems based on white 
clover or synthetic fertilisation show that increased feed self-sufficiency, reduced 
fertilisation, changes in animal productivity and soil carbon sequestration together 
significantly reduce energy demand and global warming potential.  One aspect of this is 
the reduced N2O emissions of clover-based pastures (Li et al. 2011).   

Clover-based leys and pastures have the potential to greatly reduce the global warming 
potential by supporting higher animal productivity at lower stocking rates (see section 2.2), 
thereby reducing methane emissions per unit area.  This strategy has a trade-off with 
productivity per area, but where larger areas of less fertilised pastures are required, there 
can be clear benefits to grassland biodiversity and carbon sequestration.  The link 
between increased animal productivity, lower stocking density and reduced greenhouse 
gas emissions per hectare or per kg milk or meat has been shown in several studies 
(Hermansen and Kristensen 2011, Clarke et al. 2012, Guerci et al. 2012).  Furthermore, 
clover is an important component for extensive and organic farming systems with reduced 
fertilisation requirement and increased feed self-sufficiency.   
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Soil carbon sequestration 

Beyond the estimation of global warming potential in most LCAs, legume-supported 
cropping systems can mitigate climate change by sequestering carbon in the form of soil 
organic matter (see Section 2.3).  In arable systems, the carbon sequestration potential 
greatly depends on legume species and tillage management and is not taken into account 
by the compiled LCAs.  In grassland systems, soil carbon sequestration can have a major 
impact on the comparison of different farms with different shares of pasture-based forage 
and arable crop-based silages and concentrate feeds. 

Legumes and biodiversity 

Crop diversity 

As minor crops in European agriculture, grain and forage legumes increase the planned 
biodiversity of crops in arable rotations.  Legumes enable temporal diversification of the 
agro-ecosystem through crop rotation and spatial diversification through mixed cropping, 
e.g. of grain legumes with cereals, cereals undersown with forage legumes, and leys 
comprising mixtures of grasses, different legume species and cultivars, and forbs.  This 
diversification affects the associated diversity of wild flora, fauna, and soil microbes 
(Peoples et al. 2009a, Köpke and Nemecek 2010, Collette et al. 2011) and results in 
‘potentially more dynamic and sustainable systems’ (Peoples et al. 2009a). 

Associated diversity 

Agricultural areas represent a habitat and foraging ground for associated plants and 
animals.  The choice of crop rotation, crop management and the presence of extensively 
utilized and semi-natural habitats influences this associated diversity (Nemecek et al. 
2005).  Two of the reviewed LCAs (Nemecek et al. 2005, Nemecek and Baumgartner 
2006) attempted to estimate the effect of crops on associated diversity by the SALCA-
biodiversity method for Switzerland (Jeanneret et al. 2006).  The results were inconclusive 
with respect to the role of legumes, as they depended largely on the rating of the catch 
crop before spring-seeding and on the rating of the replaced maize crop in the rotation.  
Methods for estimating biodiversity effects in LCAs are being developed and debated by 
many researchers, but so far none has been widely applied (Corsons and van der Werf 
2012). 

Where legumes are spring-sown, they have the potential to diversify winter-crop 
dominated arable systems: e.g., winter crops cover 59% of arable land in Germany and 
62% in England and Wales, with proportions above 70% in some regions (calculated from 
Defra and AHDB 2012 and Bundesministerium für Ernährung und Landwirtschaft 2013).  
Spring-sown legumes provide an opportunity for retaining crop stubble during winter 
before spring seeding, which is a rare practice outside agri-environment schemes.  Over-
wintered cereal stubble provides combined forage and cover for small mammals, birds and 
insects that is not found in low-growing winter cereal crops (Potts 2003, Evans et al. 2004, 
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Gillings et al. 2005).  Outside such schemes, undersown leys are the most important crop 
for ensuring the availability of winter feed for farmland birds of conservation interest (Potts 
2003, Evans et al. 2004).  During the growth phase, spring-sown crops benefit biodiversity 
compared to autumn-sown crops as has been shown for cereals: They support other 
weeds and arthropods, with highest abundance at different times than autumn-sown 
cereals, and thereby provide forage to ground-feeding farmland birds at critical times (Berg 
et al. 2002, Dicks et al. 2013).  Some of these benefits may also apply to the spring-sown 
grain legumes, but this depends strongly on weed management. 

By providing nectar and pollen, the mass-flowering of grain and forage legumes 
contributes to the maintenance of populations of wild and domesticated bees (Westphal et 
al. 2003, Köpke and Nemecek 2010).  For example, faba bean flowers provide nectar to 
bumblebees with a long proboscis, such as Bombus hortorum, B.  pascuorum and B.  

ruderatus, and other large-bodied wild bees such as Eucera numida in Spain (Stoddard 
and Bond 1987, Palmer et al. 2009).  Faba bean and lupin flowers are an important source 
for pollen for honeybees (Apis mellifera) that is used for feeding the brood, but agricultural 
lupins are considered to lack nectar (Green et al. 1980) and that of faba bean is 
inaccessible to honeybees (Stoddard and Bond 1987).  Jeanneret et al. (2006) argued that 
crop fields are not suitable for the mostly ground-nesting wild bees due to regular soil 
disturbance, application of biocides and the dense shading of the soil surface, and 
(unusually) concluded that the effect of grain legumes on bees was quite negative.  The 
importance of clover flowers in grasslands for insect populations has been demonstrated 
for organic systems (Haas et al. 2001, Power and Stout 2011) and may be presumed to 
apply as well to non-organic clover.  The relevance of clover as a source of nectar for 
honeybees is also indicated by the wide availability of clover honey on the market. 

Increases in population size and diversity of decomposer invertebrates such as 
earthworms and collembola have been noted under perennial forage legumes (Eisenhauer 
et al. 2009, Sabais et al. 2011) and the Legume Futures project is assessing whether the 
same happens under annual legume crops (Legume Futures reports 3.6 and 3.8).  
Hydrogen gas, as a by-product of BNF, supports the growth of hydrogen-fixing bacteria in 
the rhizosphere of the legume nodule which again support populations of soil fauna (La 
Favre and Focht 1983, Köpke and Nemecek 2010).  Increases in populations of 
collembolan feeding on soil bacteria as well as earthworm and nematode populations have 
been reported in H2-treated soils (Dong and Layzell 2002). 

Clover-grass leys represent an important breeding habitat for farmland birds, including 
skylark (Alauda arvensis), corn bunting (Emberiza calandra), yellow wagtail (Motacilla 

flava) and whinchat (Saxicola rubreta), but nesting can be disturbed by farming operations, 
particularly the timing and cutting height of harvesting (Stein-Bachinger and Fuchs 2012).  
Fuchs (2010) found that legume-grass leys were the most attractive habitat for the 
European hare (Lepus europaeus) on an arable organic farm in north-eastern Germany, 
but reproductive success was reduced due to harvesting operations, which could be 
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altered by modifying cutting (Fuchs 2010).  In contrast, Kopij (2008) noted that there was 
little change in the bird fauna from a zone in southwestern Poland where faba bean and 
clover disappeared from cultivation.   

Forage legumes are critical components of especially diverse grassland farming systems, 
such as around 15 M ha in Mediterranean grassland ecosystems where native legumes 
are an important component (Ledda et al. 2000).  They play a role in agroforestry systems, 
e.g. in silvoarable systems where trees such as olive or carob are combined with mixed 
ley-arable rotations (Eichhorn et al. 2006).  Another example is the Spanish ‘dehasa’ 
silvopastoral system that covers about 4 M ha with trees of predominantly Quercus 
species and a grassland community known as 'majadal' (Poetalia bulbosae).  Intensive 
and continuous livestock grazing (Olea and Miguel-Ayanz, 2006) creates and maintains a 
high representation of several legume species such as subterranean clover (T.  

subterraneum), and many self-sown legumes (e.g., 29 species in the Madrid region, 
González Bernáldez 1991).  Legume-based grasslands with little or no fertiliser can also 
support more above- and below-ground biodiversity.  In a study of 94 grasslands in 
Germany Birkhofer et al. (2011) showed that the feeding activity of soil fauna was 
enhanced by legume species richness and Piotrowska et al. (20130 also noted the 
positive impact of legumes on earthworm populations.  The value of legumes such as 
Trifolium species in field margins is well known for attracting bumblebee species into 
agricultural landscapes (Backman and Tiainen 2002, Pywell et al. 2005) 

Legumes are the backbone of organic farming systems, which are often considered of 
high value for the conservation of farmland biodiversity (Bengtsson et al. 2005, Hole et al. 
2005, Gomiero et al. 2011).  Organic farming often has positive effects on species 
richness and abundance, but its effects are likely to differ between organism groups and 
landscapes (Bengtsson et al. 2005). 

Reduced ecotoxicity by biocide application and ozone formation 

The diversification of cereal-dominated cropping systems with legumes enables pesticide 
savings, especially of specific fungicides, in rotations (von Richthofen et al. 2006).  
Cederberg and Flysiö (2004) calculated for a resource conserving pigmeat production 
scenario that in total the application of active substances could be reduced by 58% per kg 
of pork, of which 10% was due to reduced use of imported soya and 48 % to diversified 
crop rotation and integrated, partly mechanical weed control instead of exclusive reliance 
on herbicides.  However, the high application rates of biocides, especially insecticides, in 
conventional grain legume production (Kirkegaard et al. 2008) off-sets this benefit, such 
that the terrestrial ecotoxicity potential assessed within an LCA of crop rotations was either 
not improved or the improvements were not consistent over different assessment methods 
(Nemecek and Baumgartner 2006).  In addition to biocides, reduced ozone formation due 
to reduced fertiliser use has the potential to mitigate toxic effects on plants in ecosystems 
and agricultural production (Table 2). 
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Eutrophication and acidification of vulnerable ecosystems 

Farming activities indirectly affect biodiversity in non-agricultural ecosystems through 
emissions to air and water that cause eutrophication.  Depending on catch-crop 
management, legumes in arable systems can have slightly positive to very negative effects 
on nitrate leaching.  On the other hand, they can strongly reduce gaseous N emissions – 
an effect that is not detectable from the impact category "eutrophication" in LCAs which is 
dominated by the leaching effects.  Therefore both processes shall be discussed 
separately here. 

Agricultural emissions of N and P compounds are a significant source of freshwater 
nutrients and are detrimental to biodiversity in aquatic ecosystems through eutrophication 
(Nemecek et al. 2005, European Environment Agency 2012b).  Since leaching effects are 
the result of two counteracting processes (see section 2.4), the outcome of comparisons of 
grain legumes to other crops range from very positive to very negative, and the 
comparisons of crop rotations and animal products reveal non-significant to somewhat 
negative effects of including grain legumes (Tables 2-3).  However, in all except one study 
(Cederberg and Flysiö 2004), grain legumes were not combined with winter catch crops 
before spring sowing or after their harvest.  Nemecek and Baumgartner (2006) found in a 
sensitivity analysis for a German rotation, that inclusion of a catch crop changed the 
leaching effect of the legume rotation from a 4% increase to a 7% decrease compared to 
the non-legume rotation.  In the estimations of Cederberg and Flysiö (2004), where catch 
crops were included before spring-sown crops, nitrate leaching decreased by 12% per ha 
farmland and, in combination with a higher feed efficiency, by 28% per kg of pork.  Where 
grain legumes produced on-farm replace imported protein feeds, the combined 
eutrophication impacts are positively to very positively affected by grain legumes.   

In forage-based systems, reliance on legumes combined with extensification or conversion 
to organic farming has the potential to reduce nitrogen leaching by more than half, but this 
is linked to lower productivity per unit area (Table 4).   

Gaseous emissions of N compounds are dominated by ammonia, of which more than 93% 
comes from agriculture (European Environment Agency 2012a).  These emissions cause 
nitrogen deposition to terrestrial ecosystems, leading to eutrophication and soil 
acidification (Galloway et al. 2004, Clark et al. 2013, WBA and WBD 2013).  Evidence has 
shown a curvilinear decline of species richness in European acid grasslands with 
increasing N deposition (Stevens et al. 2010).  In UK grasslands, plant species richness 
declined by one species per 4-m2 quadrat for every 2.5 kg ha-1 year-1 of chronic nitrogen 
deposition (Stevens et al. 2004). 

Introducing grain legumes into crop rotations strongly reduces gaseous emissions, which 
are separately represented in Nemecek and Baumgartner (2006) and Cederberg and 
Flysiö (2004) and reflected in the impact category "acidification".  Grain legume crops do 
not emit ammonia, leading to about 25% ammonia emission reduction on a rotation scale 
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where fertilised crops are replaced, and reduce emissions of nitrous and nitrogenous 
oxides by about 10% on a rotation scale (Nemecek and Baumgartner 2006).  For the same 
reasons, Table 2 shows that in 8 out of 10 case studies, grain legumes lead to favourable 
or very favourable impacts on acidification compared to other crops or rotations, even 
though many studies overestimate N2O emissions of legumes, as previously described.  
For animal production, changes in feed or pasture composition have overall low effects on 
both eutrophication and acidification, only on-farm feed production with legumes 
significantly reduces both impacts.  Use of domestic pea in feeds in combination with air 
filters in stables in one case study reduced ammonia emissions by 60% per kg meat (64% 
per ha) and nitrogenous oxides by 50% (Cederberg and Flysiö 2004).   

Land-use change and biodiversity 

Since the yield of grain legumes is currently much lower than that of cereals in the most 
productive regions of Europe, there is a risk that their environmental benefits will be 
countered by the need to use more land, with possible adverse effects on natural habitats 
and biodiversity.  However, Cederberg and Flysiö (2004) estimated that increased 
cultivation of the domestic protein sources, rapeseed and pea, increased cereal yields to a 
degree that overall land use was slightly reduced.  Mueller et al. (2013) showed that the 
mere area of land occupation in dairy farming systems is not a good indicator for 
biodiversity impact, as the lower biodiversity impact of land occupation in organic systems 
balanced their larger area occupation.   

Mueller et al. (2013) also highlighted the large impact of land transformation in regions of 
soya production on biodiversity.  Worldwide, soya demand is a major driver for 
deforestation and cultivation of savannahs in Brazil, although policies have been 
successful in reduce deforestation in recent years (Morton et al. 2006, Macedo et al. 2012, 
Barretto et al. 2013).  Bickel & Dros (2003) highlighted the biodiversity value and 
insufficient protection of the Cerrado savannah in Mato Grosso.  Sala et al. (2000) 
estimated that land use will be the major impact on biodiversity in the 21st century.  Swiss 
LCA data estimated that 3.2 % of the soya crop area is transformed from rainforests or 
savannah in Brazil, and 1.6 % in Argentina (Baumgartner et al. 2008). 



Legume-supported cropping systems for Europe 
 

 

Legume Futures Report 1.6: 
Effects of legume cropping on farming and food systems 

 

21 

 

4. CONCLUSIONS  

Increasing legume cultivation in Europe would bring benefits for the environment and 
resource use at a range of scales, from the field to the global.  Their pre-crop effect, 
nitrogen provision, and potential to improve nutrient conservation and soil structure add to 
the sustainability of farm productivity while saving resources and reducing emissions.  
However, the effects may be reduced by the frequently low yields and by associated 
changes in cropping systems at the global scale. 

Climate change 

Existing LCAs show the potential for legumes to mitigate to climate change, but 
underestimate their true potential by mostly underestimating GHG reduction potential due 
to older methodology and not taking into account carbon sequestration.  Furthermore, 
information on forage legumes in ley/arable rotations, with a likely much higher impact, is 
lacking.  In animal production, grain legumes as replacement of soya feed can significantly 
reduce product life-cycle greenhouse gas emissions, but this effect is most pronounced 
where imported soya is replaced with feed produced either on the farm or in the region.  
Inclusion of legumes in forage-based systems has the greatest potential effects on GWP 
of animal products, and effects of partially replacing concentrate feeding by forage may be 
even higher when the greater carbon sequestration of grassland, compared to arable 
fields, is taken into account. 

Moreover, through diversifying current cropping systems in European agriculture by 
growing more legumes, there is potential to reduce the vulnerability of these systems to 
climate change.  However, little research has focused on climate change adaptation so far.  
A review on the adaptation of grain legumes to climate change (Vadez et al. 2012) 
focused on semi-arid and tropical conditions, and highlighted the complexity of adaptation 
challenges because of changes in temperature, water availability and distribution of insect 
pests and diseases.  Similar research is lacking for European farming systems. 

Biodiversity 

The effects of crops on the diversity, richness and abundance of species and threats to 
vulnerable ecosystems are highly complex and cannot be fully represented by a simple 
indicator in LCAs.  Grain legumes can increase crop and associated diversity of arable 
farming systems, but their biodiversity effect depends mainly on management in terms of 
applied pest and weed control and prevention of nitrate leaching through catch crops.  Our 
compiled information is insufficient to conclude about the biodiversity benefits of leys in 
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rotations and legume-based pastures, but there are indications that associated farmland 
biodiversity is high.   

Replacing some of the EU feed soya import may have the greatest biodiversity benefits, 
but the effect of higher grain legume production in Europe on imports may be negligible 
due to the vast amounts of soya imported and increasing demand from the livestock sector.  
European production of protein crops, even if it were significantly increased, can satisfy 
only a small share of the European feed demand at current levels of crop yield, animal 
production and consumption. 

Farming and food system effects 

The analyses show that legumes are not a silver bullet, but a key component for a wider 
shift in agricultural production and consumption that reduce environmental impacts.  They 
reduce environmental impacts of crop and animal production, but to achieve high 
reductions, further optimisations of livestock systems with respect to environmental 
impacts are required.  On-farm feeding of home-grown legumes increases benefits further, 
although an on-farm feed producer may not achieve the efficiency of animal feed 
manufacturers, leading to higher feed costs and lower animal performance from farm-
produced feeds.  Grassland-based ruminant production systems may have lower impacts 
associated with feed production.  Improved nutritional qualities (through plant breeding) of 
grain legumes would reduce environmental impacts from manure management.  
Baumgartner et al. (2008) suggested that feed optimisation models (defining the most 
cost-effective feeds) should be extended with environmental optimisation criteria, which 
would require research into the development of such models.2  European-grown grain 
legumes can also provide environmental benefits in other end-uses in feeds for farmed fish 
(partially replacing soya feeds or fish meal), discussed in more detail in Legume Futures 
Report 1.3.   

Furthermore, the analyses show that optimized production methods may not be sufficient 
to outbalance the high environmental impacts of animal production at current high levels of 
production and consumption.  European average meat consumption would have to reduce 
by 62% to meet climate goals (stabilize GHG emissions from food sector at 2000-2005 
level) and by 19% to meet health goals (reduce risks for cancer, obesity etc.) 
(Hallströmand Börjesson 2012). 

 

2  Models that take the environmental effects of feedstuff production into account do not seem to exist.  
Castrodeza et al.  (2005), Dubeau et al.  (2011) and Oishi et al.  (2011) described feed formulation models 
that enable an optimized nutrient composition that reduces N and P excretion.  Lara (1993) developed a feed 
formulation model that aims not only at low cost, but also at a maximised inclusion of the ingredients 
available in the farm. 
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Grain legumes may have a very significant environmental role to play in supporting diets 
with reduced animal protein.  González et al. (2011) showed that in relation to energy use, 
grain legumes were the most efficient protein sources with 41-77 g protein per MJ energy 
use, and few cereals reached that range of efficiency (barley, rye, oats with 41-57 g 
protein per MJ).  The efficiency was even greater in relation to global warming potential: 
grain legumes produced 246-505 g protein per kg CO2-equivalent emissions, and only two 
cereals reached that range (rye and oats with 283 and 359 g protein per kg CO2-eq.).  The 
protein efficiency of most vegetables, fruits and animal products in relation to energy and 
GHG was below 10 g MJ-1 and 100 g kg-1, respectively.  A meal with potatoes, vegetables 
and a pea burger reduced all environmental impacts (GWP, eutrophication, acidification) 
by 34-78 % compared to a meal with a pork chop, even though all retail and household 
transport, losses, processing and home cooking were considered (Davis et al. 2010). 

Such diets would have several health benefits.  Grain legume seeds contain protein, fibre, 
micro and macronutrients, vitamins and numerous bioactive phytochemicals (Strohle et al. 
2006), such as flavonoids and other antioxidants (Scalbert et al. 2005).  Replacing animal 
products in the diet with plant products such as soya bean provides benefits in 
cardiovascular health (Sirtori et al. 2009) through lowered cholesterol (Harland and Haffner 
2008) and reduced hypertension (Harland and Haffner 2008).  Consumption of both soya 
bean and lupin decreases cholesterol in animals (Sirtori et al. 2004, Marchesi et al. 2008) 
and in humans (Sirtori et al. 2012) and grain legumes may also be useful in managing 
diabetes (Bertoglio et al. 2011).   
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Table 2.  Resource (R) and environmental (E) effects of legumes arising from key 
agroecological processes operating at four levels of scale. 

 

Process Protein crop Farm Agri-food system Global

Biological nitrogen 

fixation (BNF) 

R: No N fertiliser required.

E: Reduced N2O emissions.

E: Below ground 

biodiversity changes.

R: Reduced N fertiliser 

requirement.

R: Reduced fossil energy 

(natural gas) use.

E: Reduced CO2 emissions 

from industry.

E: Reduced global GHG 

emissions.

Grain protein synthesis R: Lower crop yield 

(compared with cereals) 

due to resource demands 

of protein synthesis.

R: Increased on-farm 

supply of protein.

R: Increased diversity of 

‘protein’ crop commodity 
supplies.

R: Reduced demand for 

globally traded soya.

E: Reduced direct land-use 

change pressures.

N transformations in 

soil

E: Reduced N2O emissions. E: Effects in both 

directions on nitrate 

leaching.

E: Reduced global GHG 

emissions .

Soil development R: Improved water 

infiltration, reduced 

cultivation energy, 

increased crop yields.

Phosphorus 

transformations

R: Increased mobilisation 

of soil P.

R: Reduced optimum levels 

of plant-available P.

R: Reduced mining of 

phosphate rock (minor 

effect).

Soil carbon 

transformations

R: Positive soil carbon

balance.

R: Increased soil organic 

matter, higher and more 

stable crop yields.

E: Increased soil carbon 

sequestration (minor 

effect).

Weed, pest and 

disease development

R: Increased cropping 

system yield.

E: Reduced emissions of 

pesticides to water.

Species interactions E: Increased pollen and 

nectar provision. Increased 

soil fauna diversity.

E: Larger population of 

insects supporting wider 

wildlife.

levels of scale.  Source: This consortium
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Table 2: Comparison of the results of LCA studies of grain legume products compared 
to other crops (%) 

Region   % change in environmental impact   

  Energy 
demand 

Global 
warming11 

Ozone 
formation 

Eutrophi-
cation 

Acidi-
fication Land use 

Comparison of European-grown grain legumes to other crops 9 (per kg produce) 
Sweden, pea1 -27  

    

Sweden, pea2 -25 -7  91 2  

Switzerland, pea4 -3 11 25 -52 -48 29 
Switzerland, faba bean4 -5 13 17 -56 -62 31 
Switzerland, soya bean4 18 76 50 38 6 65 
Finland, pea 6 -25  -55*   -24 -37 -2 
Finland, faba bean 6 -7  -53*   124 -36 -11 

Comparison of European-grown grain legumes to imported soya meal/cake (per kg 
produce) 

 

Sweden, pea 1 -70      

Sweden, pea 2 -78 -57  -50 -87  

France, pea3 -64 -44  -17 -67 -58 
Austria, protein substitute 
with faba bean 7   -74*         
Comparison of feed formula with European-grown grain legume to soya-based formula (per kg feed) 
Germany, feed formula5 10 -5-10 -4-8 -4-8 -4-7 -5-12   

Comparison of crop rotations with grain legumes to those without (per ha land) 
Germany5 -14 -12 -10 -2 -17  

France5 -11 -8 -6 -6 -18  

Switzerland5 -31 -9 -15 10 -14  

Spain5 4 13 6 15 4  

France, winter pea 8  -13*     

France, spring pea 8  -12*     

 

Colour coding5 very 
favourable 

favourable n.s., not 
significant 

unfavourable very 
unfavourable 

 
Source: Calculations based on data from: 1 Cederberg and Flysiö (2004), 2 Eriksson et al. (2004), 3 van der 
Werf et al. (2005) 4 Nemecek et al. (2005), 5 Nemecek and Baumgartner (2006), 6 Saarinen et al. (2012), 7 

Hörtenhuber and Zollitsch (2010), 8 Hayer et al. (2012) 
9 other crops: average of wheat, barley, rapeseed 
10 range of feed formulas for different fattening stages 
11 most values are likely to be underestimated because in contrast to current IPCC 2006 guidelines, it was 
estimated that BNF caused N2O emissions 
* values estimated with current IPCC 2006 guidelines assuming no direct N2O emissions caused by BNF 
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Table 3: Comparison of results of LCA studies of animal products produced using 
different feed compositions (%) 

Region, product  
(main feed protein source) 
  

% change in environmental impact       

Energy 
demand 

GWP excl.  
LUC 

GWP  
incl.  LUC 

Ozone 
formation 

Eutrophi-
cation 

Acidi-
fication 

Land 
use 

Comparison between domestic legume-based feed and feed using imported soy (per kg end-product) 

Germany, pork3 (pea) -1 
 

-5 -2 -7 -2 2 

Germany, pork3 (pea+SAA) -1 
 

-6 -2 -7 -2 1 

Spain, pork3 (pea) -6 
 

-2-117 6 17-198 -2 32 

UK, pork (pea)4  -5* -22*  -1 -33  

UK pork (bean)4  -2* -22*  7 -17  

Sweden, pork chop5 (pea) -1 
 

-3 0 -4 -3 2 

Spain, pork chop5 (pea) -2 
 

-1 1 12 -1 28 
France, chicken meat3 
(pea+faba bean) -6 

 
-10 -2 5 -2 2 

France, chicken meat3  

(pea+ faba bean+SAA) 9 
 

-9 -3 -2 -3 -10 

France, eggs3 (pea) -4 
 

-10 -5 6 0 0 

UK, milk3 (pea) -9 
 

-4 -3 2 -1 3 
UK, milk3 (pea, energy 
optimized feed) -7 

 
-7 -4 -5 -8 -3 

Comparison farm-produced legume-based feed and feed based on imported soy (per kg end-product) 

Germany, pork3 (pea) -19 
 

-16 -25 -19 -10 -3 

Sweden, pork2 (pea, typical 
organic formula) -19 -10 

 

 2 8 24 

Sweden, pork2 (pea+SAA) -13 -7 
 

 -15 -21 17 

Sweden, pork1 (pea+faba 
bean) 6 -16 -13 

 

n.s. -31 -40 -8 

Comparison between pulse- and meat-based human meal (per one meal) 

Sweden, pork chop (pea) or 
pea burger5 

-9 

 

-53 -20 -59 -78 -64 

Spain, pork chop (pea) or 
pea burger5 

-16 
  

-34 -27 -58 -54 -55 

 
Colour coding6 very 

favourable 
favourable n.s., not 

significant 
unfavourable Very 

unfavourable 
Source: Calculations based on data from: 1 Cederberg and Flysiö (2004), 2 Eriksson et al. (2005), 
3 Baumgartner et al. (2008), 4 Topp et al. (2012), 5 Davis et al. (2010), 6 Nemecek and Baumgartner (2006)  
6 comparison of a conventional with a resource optimized farming system scenarios  

7increased when biomass burning of land transformation of savannahs was included 
8 increased when technical improvements of manure handling were introduced for both feed alternatives 
* values estimated with current IPCC 2006 guidelines assuming no direct N2O emissions caused by BNF 
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Table 4: Comparison of LCA studies of animal production systems with forage 
legumes (%) 

Region, product  
(main feed protein 
source) 

 FU % change in environmental impact 

Energy 
demand 

GWP GWP incl.  
C sequ. 

Eutrophi-
cation 

Acidi-
fication 

Land 
use 

Optimisation of beef cattle rearing in France 

… reduce grassland 
fertilisation8 

kg carcass -3 -2* -2* -11 
  

… partially replaced 
soya in winter feed by 
lucerne hay8 

kg carcass 0 0* 0* -1     

Comparison of dairy farms with fertilised and white clover-based pastures 

Ireland1 kg ECM -15 -11-23     
Netherlands2 ha   -18    
  kg ECM   -10    
Comparison of intensive dairy farms with those with forms of extensification and increased feed self-
sufficiency 
Ireland3, Agri-
environental schemes 

kg live 
weight gain 

 -6 
    

ha 
 

-18 
    

German Allgäu 
region4, Agri-
environental schemes 

ha -54 -26 
 

-13 -42 
 

t milk -52 -23 
    

Netherlands5, 'Internal 
nutrient cycling' farms 

kg FPCM -15 -7* ** -16 -9 -7 
ha 

   
-6 1 

 

Italy6, extensive farm 
clusters 

kg FPCM -21 -8* 
 

28 6 5 

Comparison of intensive dairy/cattle farms with organic ones 

Ireland3 kg live 
weight gain 

 -15 
    

  ha 
 

-57 
    

German Allgäu 
region4 

ha -69 -33 
 

-21 -75 
 

t milk -56 0 
    

Netherlands7 kg FPCM -38 7* 
 

-36 14 38 

 

1 Yan et al. (2013), 2 Schils et al. (2000), Schils et al. (2005), 3 Casey and Holden (2006), 4 Haas et al. (2001), 
5 Dolman et al. (2012), 6 Guerci et al. (2012), 7 Thomassen et al. (2008), 8 Nguyen et al. (2012) 
* GWP estimated according to current methodology De Klein et al. (2006), which estimates no direct N2O 
emissions from BNF. 
** C sequestration increased by 22% per ha 
In general, the extensive farms reduced N fertiliser use up to 77% (except organic farms?), consequently 
had an up to 39% lower grassland yield and had up to 58% lower stocking density, whereas milk yield per 
cow was in most cases comparable and only negatively affected in two organic situations. 
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