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1. Introduction 
Over the last 100 years, crop and livestock production have become increasingly decoupled both 

geographically and managerially resulting in many livestock units becoming heavily reliant on bought-in feed 
and straw and specialized arable units on purchased fertilizer. In some areas there is evidence of declining soil 

fertility in arable agriculture which may in part due to declining reliance on animal manures. Straw has 
continued to be transported from arable areas to intensive livestock production systems but manure has not 

been returned due to issues such as cost and transport. Without ruminants in the farming system grass leys 

become uneconomic and thus rotations tend to change to all arable systems without the soil fertility building 
properties of leys. The use of inputs, such as fertilisers and pesticides, has helped to overcome the need for 

rotations to build fertility and control weeds, pests and diseases.   
 

Integrated crop/livestock systems potentially provide better resource utilization (e.g. energy, nutrients, land 
use) than specialised systems and also improved ability to adapt to a more variable climate than non-

integrated systems with associated risk reduction. Technical efficiency is usually defined as the conversion of 

inputs into outputs but here we acknowledge both the efficiency of use of purchased inputs and also the use 
of natural resource inputs (e.g. soil and water). In MFS compared to specialised systems, improvements in 

efficiency are linked to the degree of synergy between components. The extent of synergies between 
enterprises depends on the ability to integrate the operations of the farm enterprises. So, synergies can 

produce direct benefits such as unharvested crop residues being used to provide grazing. These 

interrelationships or synergies between components can also have indirect benefits such as habitat or other 
agro-ecosystem benefits. Increases in technical efficiency and improved synergies between enterprises could 

lower reliance on external inputs. Specialisation shows benefits over mixed systems when there is evidence of 
dis-synergy between components.  

 
The diagram below aims to highlight issues of integration and synergy in integrated crop livestock systems 

compared to specialised systems. The diagram shows 3 models for nutrient flows, as an example of resource 

use, in farming systems a) a traditional mixed farming concept b) production systems where crop and 
livestock systems are spatially close together but not fully integrated and c) where crop and livestock systems 

are disconnected over a short or long distance. 
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Figure 1: Nutrient flows in MFS models a) a traditional mixed farming concept b) production 
systems where crop and livestock systems are spatially close together but not fully integrated 
and c) where crop and livestock systems are disconnected over a short or long distance 

 

 
 
 

 
 
It is important to recognise that “one size does not fit all” and that land capability plays an important role in 
the relative efficiency of MFS and specialised farming systems. On poorer land the management options are 

more limited, particularly by issues such as slope and soil depth as well as climate. In such circumstances 

mixed farming may be able to provide self-sufficiency but a low conversion of inputs to outputs. MFS may also 
be able to provide specialist products or commodities e.g. the use of very extensive mixed systems to 

maintain clean water for selling as bottled water. In areas with limited land available for production and where 
the land is of good quality then very intensive specialist systems may be more efficient as least in the short 

term. The infrastructure in the area can also provide opportunities for MFS, for example, the presence of a 
machinery ring with specialist harvesting machinery could allow a farmer to experiment with diversified 

cropping without having to invest in new machinery. However, the maintenance of natural resource quality 

may be an issue in the longer term.  

 
The objective of this paper is to explore how the technical efficiency of existing mixed farming systems can be 

improved by identifying and managing synergies between components.  
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2. Improving the technical efficiency of mixed farming 
systems. 

State of play 

If mixed farming systems are to be compared with other types of farming system then technical efficiency is 
one possible measure. It needs to be combined with the other social, environmental and economic measures 

discussed in other sections to allow a full analysis of the sustainability of mixed farming.  It is important to 
consider technical efficiency separately from intensity. Any discussion of innovation and fail factors needs to 

respect the overall aim of the MFS in terms of the difference between a farm driving at self sufficiency versus 

a farm driving at maximum production of saleable produce. Indicators of the value of MFS need to be 
developed which can indicate efficiency across the range of intensities. A further challenge in any discussion 

of technical efficiency of mixed farming is the vast number of potential combinations of crops and livestock 
and their interaction with the pedo-climatic conditions. 

 

Many options for improving technical efficiency will come from specialist systems e.g. developments in crop 
protection. Here we aim to focus on those improvements which relate directly to synergies between different 

farm enterprises. This requires slightly different thinking from a more specialist approach to improving 
technical efficiency. A good example of this comes from plant breeding and the development of dual purpose 

crops which can provide some grazing and still give an economic yield or alternatively crops bred to provide 
residue with specific properties for grazing. We also recognise efficiencies can come from improvement in 

components, such as the plant breeding example, improvements in technology, such as manure handling 

facilities and also through improved management decision making such as rotation design. 

Innovation process and fail factors 

Table 1 indicates what improving technical efficiency through the improved use of different inputs (purchased 
and natural or home produced resources) could contribute to the farm system and the wider environment. 

The degree of improvement possible will depend on a number of factors including the type of MFS. This needs 

to be assessed in terms of the degree of synergy between components and the extent to which this can be 
improved. As can be seen from Diagram 1 there are opportunities for farm level synergies as a result of 

resource use complementarity where the crop and animal components of the system are interdependent (Fig 
1a) which will not be realised in the scale of 1c. Examples of farms operating low input systems with home 

produced livestock feed are given in Text Box 1 and 2. 

 
Table 1: Impacts of increased technical efficiency in MFS and identification of the synergies 
which facilitate this (Based on Watson et al. 2017).  
 
Management 

practice 

Synergy Potential results of increased technical 

efficiency (better conversion of input into 

output) 

 

Examples 

Temporal and 

spatial 

dynamics of 

use of manure 

in rotations 

Improved crop quality and 

yield in terms of protein and 

nutrient content;  More even 

distribution of manure over 

farmland area as opposed to 

area close to farm buildings 

Reduce external inputs of  N and P? 

Yes 

Influence on environmental impacts: 

Reduced N in runoff, N leaching    and 

nitrous oxide.  

Reduced loss of P 

Kronberg & Ryschawy 

2017 
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Management 

practice 

Synergy Potential results of increased technical 

efficiency (better conversion of input into 

output) 

 

Examples 

Pre treatment 

of manures e.g 

separation of 

solid and 

liquid 

Separated manure fractions 

allows selection for materials 

with N:P-ratios that match 

the N:P ratio required by 

crop. Solid fractions are rich 

in organic N, and 

mineralisation of this into 

plant-available forms is 

necessary for adequate 

utilisation of solid fraction N. 

Reduce external inputs of  N and P? 

Yes 

Influence on environmental impacts: 

Reduced loss of P. Fractionation may alter 

nitrous oxide emissions after spreading. 

Fangueiro et al 2012; 

ten Hoeve et al 2014; 

Hjorth et al 2010; 

Rigolot et al 2010 

Accounting 

for legacy P 

fertilizer in 

soil  

Matching P supply from 

manure and fertilizer with P 

present in soil 

Reduce external inputs of  N and P? 

Yes 

Influence on environmental impacts: 

Reduced loss of P from soils. 

Withers et al. 2014 

Home 

produced feed 

replaces  

imported feed 

GHG emissions potentially 

reduced reliance on imported 

protein  

Reduce external inputs of  N and P? 

Yes 

Influence on environmental impacts: 

Reduced GHGs 

Battini et al 2016 

Increased crop 

diversity in 

rotations 

Produces feeds with different 

nutritional profiles; more 

efficient use of soil 

resources; increased 

productivity; 

Alters N : P in incorporated  

residues (precrop) which in 

turn influence nutrient 

availability to following crop 

Reduce external inputs of  N and P? 

Reduced fertilizer input 

Influence on environmental impacts: 

Reduce loss of P through erosion, leaching 

and GHGs, build soil fertility 

Martin et al., 2016; 

Moraine et al. 2017;  

Preissel et al 2015 

 

Include cover 

crops and 

green manures 

in arable 

rotations 

which may or 

may not be 

grazed 

Inserting legumes in between 

cash crops increases feed 

self-sufficiency; more 

efficient use of soil 

resources; opportunities for 

recycling of nutrients through 

crop residues 

Reduce external inputs of  N and P? 

Reduced fertilizer input 

Influence on environmental impacts: 

Reduce loss of P through erosion, leaching 

and GHGs; build soil fertility 

Franzluebbers & 

Stuedemann, 2007; 

Ryschawy et al. 2014 

 

Introduce 

mixed species 

leys into 

arable 

rotations – 

these may be 

grazed. 

1) Increased N from biological 

N fixation; 

more efficient use of soil 

resources; potential fodder 

and manure returns increased 

productivity 

Reduce external inputs of  N and P? 

Reduced fertilizer input 

Influence on environmental impacts: 

Reduce loss of P through erosion, leaching 

and GHGs, build soil fertility 

Alard et al. 2002;  

Franzluebbers, 2007;  

Ryschawy et al. 2014 

Introduce 

alternative 

forages into 

grassland 

systems  

Potential for high yield and N 

content of subsequent crop 

following ploughing of 

grassland; Cereal/grain 

legume intercrops provide 

high quality livestock feed; 

 

Reduce external inputs of  N and P? 

Reduced fertilizer input 

Influence on environmental impacts: 

 Risk of increased N loss by leaching and 

GHG from ploughing long-term grass 

Rotz et al 2005 
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Management 

practice 

Synergy Potential results of increased technical 

efficiency (better conversion of input into 

output) 

 

Examples 

Making use of 

stubbles and 

residues  

Stubble e.g. maize grazed by 

cows  
Reduce external inputs of N and P? 

Reduced fertilizer input 

Influence on environmental impacts: 

Risk of increased N loss by leaching and 

GHG from urine and faeces on stubble 

Dumont et al 2013; 

Gliessman 2006; 

Liebig et al. 2012  

Subsitution of 

crops with 

different 

energy and 

nutrient 

profiles suited 

to livestock 

feed 

Changing the balance 

between degradable protein 

and energy in the ration can 

reduce N loss from livestock 

e.g. substituting maize silage 

for grass silage 

Reduce external inputs of  N and P? 

Reduced fertilizer input 

Influence on environmental impacts: 

Reduced N loss 

Rotz et al 2005 

Increase the 

diversity 

within the 

agroecosystem 

Introduce trees, to diversify 

the land area and feed 

animals 

Reduce external inputs of  N and P? 

Reduced fertilizer input 

Influence on environmental impacts: 

Reduced N and P loss through improved 

capture of nutrients. 

Bealey et al. 2014; 

Patterson et al. 2008 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Global Seed – Serbia’s first organic dairy farm: 
Size: 2000 ha 
Crop-Livestock integration: All cattle feed is home produced on farm 
Land use: 40% grass, 60% cereals, no vegetables 

 Products: Organic milk and beef 
 Cattle breed: Holstein, Red Holstein, Brown Swiss 
 Number of cattle: 1800 
 Milk yield per cow: 6500 litres 
 Main barrier: High percentage of heifer replacement per year, non-optimal body condition score of 

dairy cattle 

A biodynamic mixed farm in Poland based on ecological recycling agriculture: 
Size: 1900 ha 
Land use: 18% permanent grasslands, 74 % arable lands (mainly fodder crops), 0.1 % vegetables, 7.9% 
non-agricultural area.Crop-livestock integration: The farm operates three different legume-supported 
rotations fitted to three different soil types on the farm. These produce feed for the dairy herd. 

 Products: Organic milk and vegetables 
 Cattle breed: Holstein-Friesian and Brown-Swiss 
 Number of cattle: 370 milking cows 
 Milk yield per cow: 6300 litres 
 Main barrier:  Poor quality soils and water deficit. 
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3. Needs for research 
There is plenty of agronomic research evidence of improvements in technical efficiency, for example, nutrient 
use efficiency in crops being demonstrated as the field scale, however, there is often a gap in translation to 

the farm scale. These benefits are not universal and can vary with pedoclimatic conditions e.g. where the use 
of legumes can be very beneficial in low fertility situations they may only serve to increase possible nutrient 

losses in nutrient enriched environments.  

 
Research at the farm scale is often limited by cost but both spatial and temporal scales are important in 

determining the technical efficiency of a farming system. In a mixed system based on a crop rotation some 
effects will only become apparent over the timescale of a rotation. The benefits of, for example, shelter belts 

or agroforestry which result from a changed physical environment need to be measured but may be gradual. 

Planning also needs to take in the scale of the farm and the spatial arrangements of productive land, housing, 
hedgerow, forest , wetland and wild areas. This allows for synergies between enterprises to be optimised.  

 
There is scope for a Europe wide project which uses land capability together with mapping of markets as a 

base for assessing where MFS are viable and where more specialist farms are always going to outcompete 

mixed farming on economic grounds. However, in intensively farmed areas there is a second question about 
where lower input, more self-sufficient MFS could benefit the overall environment e.g. in water quality terms. 

This kind of assessment could then be used to focus the Knowledge Exchange and dissemination projects 
suggested below.  

 
There is also a need to develop indicators capable of showing the value of mixed farming compared with the 

value of specialised farming. A key challenge is the temporal issues as, for example, carbon sequestration of 

loss of carbon from soils may only be discerned through long-term trends due to variability in short term 
samples and the current technical difficulties in measuring small increases in soil carbon.  

 
Research should also address technical issues of particular relevance to mixed systems respecting that they 

could also benefit more specialised systems e.g. development of fertiliser recommendations that take account 

of precrop and undersowing techniques; livestock feeding recommendations for livestock that can account for 
on-farm byproducts e.g. stubbles; development of dual purpose crop varieties (either for cutting and grazing 

or to provide residues with particular properties). 
 

Participatory approaches could be useful here, although there is a need to take into account that the skill of 
the farmer and farmer decision making also play a role in success. In practice it is the more innovative and 

progressive farmers that are currently demonstrating improved technical efficiency. 

4. Recommendations for how to ensure a broader take up 

Demonstrate the technical efficiency of mixed farming variants to enable more 
informed decision making. 

Improved technical performance at the whole farm level and in relation to individual management practices or 

synergies between components could be demonstrated through a network of monitor farms. There is no one 
formula for mixed farming across the EU as the success is dependent on the prevailing pedo-climatic and 

socioeconomic conditions. However, it is much more likely that models can be identified on a regional basis. 
This could be rolled out through regional innovation networks such as that described by Bloch et al. (2015), 

where researchers and farmers work together in a cycle of analysis, planning, action and reflection, using 

SWOT (strengths, weaknesses, opportunities and threats) analyses to structure the process of farm 
improvement.  
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Participatory approaches to improving individual technical aspects of mixed 
farming 
 
This would allow development and knowledge exchange on technical issues in mixed farming relevant to a 
particular region e.g. in less intensive agricultural areas in N Europe, improvement of home-grown legume 

based forage or grain legumes to improve livestock nutrition. This could be carried out using  “mother and 

baby” trials approaches where a replicated trial is carried out in a research station with a group of farmers 
trying a more limited range of treatments within their own system, often referred to as “mother and baby” 

trials and more commonly used in developing countries (Snapp, 2002). Another approach which would be 
ideally suited to improving the technical efficiency of MFS would be the development of a “Serious Game” for 

MFS like the Forage Rummy Game designed by INRA (Martin 2015).  Board games such as this allow groups 
of farmers to use their empirical knowledge to design farming systems. Forage rummy design livestock 

systems based on understanding of forage crop and grassland production, animal nutrition, production and 

reproduction.  

 

5. Epilogue from the group: broader ideas, things that the 
group would like to say but don't fit into the FG 
framework – general recommendations etc. 

The identification of pedo-climatic/economic conditions where MFS have the potential to be more efficient 

than specialised systems would help move to a situation where it is easier to improve the efficiency of existing 

MFS and the effective design of new systems. It might be worth considering a typology of MFS which allows 
differentiation between those aimed at self-sufficiency and the provision of ecosystem services and the more 

market oriented systems. This could also allow focus on the improvement of traditional systems/production of 
traditional regional products important geographically with the EU. 

  



IMPROVING THE TECHNICAL EFFICIENCY OF MIXED FARMING 

9 

 

6. References 
Battini, F, Agostini, A, Tabaglio, V, Amaducci, S (2016) Environmental impacts of different dairy farming 

systems in the Po Valley. Journal of Cleaner Production, vol 112, 91:102. 

Bealey, WJ, Loubet, B, Braban, CF, Famulari, D, Theobald, MR, Reis, S, Reay, DS & Sutton, MA  (2014) 
Modelling agro-forestry scenarios for ammonia abatement in the landscape. Environmental Research 

Letters, vol. 9, no. 12, p. 125001. Available from < http://iopscience.iop.org/article/10.1088/1748-

9326/9/12/125001/pdf>. [23 January 2017]. 
Bloch R, Knierim A, Häring A-M,  Bachinger J  (2015) Increasing the adaptive capacity of organic farming 

systems in the face of climate change using action research methods. Organic Farming (DOI 
10.1007/s13165-015-0123-5) 

Dumont, B, Fortun-Lamothe, L, Jouven, M, Thomas, M & Tichit, M (2013) Prospects from agroecology and 
industrial ecology for animal production in the 21st century.  Animal, vol. 7, no. 6, 1028:1043. 

Fangueiro, D, Coutinho, J, Cabral, F, Fidalgo, P, Bol, R  & Trindade, H (2012) Nitric oxide and greenhouse 

gases emissions following the application of different cattle slurry particle size fractions to soil. Atmospheric 
Environment, vol.  47, 373:380. 

Franzluebbers, AJ (2007) Integrated crop–livestock systems in the southeastern USA. Agronomy Journal, vol.  
99, no. 2, 361:372. 

Franzluebbers, AJ & Stuedemann, JA (2007) Crop and cattle responses to tillage systems for integrated crop–

livestock production in the Southern Piedmont, USA. Renewable Agriculture and Food Systems, vol.  22, no 
3. , 168:180. 

Gandini G, Maltecca C, Pizzi F, Bagnato A, Rizzi, R. (2007). Comparing Local and Commercial Breeds on 
Functional Traits and Profitability: The Case of Reggiana Dairy Cattle. Journal of Dairy Science  90:2004–

2011. 
Gliessman, SR (2006) Agroecology: the ecology of sustainable food systems, Second ed. CRC Press, Boca 

Raton, FL, USA. 

Hjorth, M, Christensen, KV, Christensen, ML & Sommer, SG (2010) Solid–liquid separation of animal slurry in 
theory and practice. A review. Agronomy for Sustainable Development, vol. 30, no. 1, 153:180. 

Hoeve, M, Hutchings, NJ, Peters, GM, Svanström, M, Jensen, LS & Bruun, S (2014) Life cycle assessment of 
pig slurry treatment technologies for nutrient redistribution in Denmark. Journal of Environmental 

Management, vol. 132, 60:70. 

Kronberg SL & Ryschawy J (2017) Integration of crop and livestock production in temperate regions to 
improve agroecosystem functioning, improve ecosystem services and reduce negative consequences of 

food production on animals, people and the environment. This volume (Submitted) 
Liebig, MA, Tanaka, DL, Kronberg, SL, Scholljegerdes, EJ & Karn, JF (2012) Integrated crops and livestock in 

central North Dakota, USA: Agroecosystem management to buffer soil change. Renewable Agriculture and 

Food Systems, vol. 27, no. 2, 115:124. 
Martin, G, Moraine, M, Ryschawy, J,  Magne, MA, Asai, M, Sarthou, JP, Duru, M & Therond O (2016) Crop–

livestock integration beyond the farm level: a review of prospects and issues. Agronomy for Sustainable 
Development,  vol. 36, 53. Available from:  <http://link.springer.com/article/10.1007/s13593-016-0390-x> 

[23 January 2017]. 
Moraine, M, Duru, M, Nicholas, P, Leterme,  P & Therond, O (2014) Farming system design for innovative 

crop-livestock integration in Europe.  Animal, vol. 8, no. 8., 1204:1217. 

Patterson, PH, Adrizal, A, Hulet, RM, Bates, RM, Despot, DA, Wheeler, EF & Topper, PA (2008) The potential 
for plants to trap emissions from farms with Laying Hens: 1  Ammonia.  Journal of  Applied Poultry 

Research, vol. 17, no. 1, 54:63. 
Preissel, S, Reckling, M, Schläfke, N & Zander, P (2015) Magnitude and farm-economic value of grain legume 

pre-crop benefits in Europe: A review. Field Crops Research, vol. 175, 64:79. 

Rigolot, C, Espagnol, S, Robin, P, Hassouna, M, Béline, F, Paillat, JM & Dourmad, JY (2010) Modelling of 
manure production by pigs and NH3,N2O and CH4 emissions. Part II: effect of animal housing, manure 

storage and treatment practices.  Animal,  vol. 4, no. 8, 1413:1424. 
Rotz, CA, Taube, F, Russelle, MP, Oenema, J, Sanderson, MA & Wachendorf, M (2005) Whole-farm 

perspectives of nutrient flows in grassland agriculture. Crop Science, vol. 45, no. 6, 2139:2159. 



IMPROVING THE TECHNICAL EFFICIENCY OF MIXED FARMING 

10 

Ryschawy, J, Choisis, J-P, Joannon, A, Gibon, A, & Le Gal, P-Y (2014) Participative assessment of innovative 

technical scenarios for enhancing sustainability of French mixed crop-livestock farms. Agricultural Systems, 
vol.  129, 1:8.Snapp S. (2002). Quantifying farmer evaluation of technologies: The mother and baby trial 

design. In: M.R. Bellon& J. Reeves (Eds.), Quantitative Analysis of Data from Participatory Methods  in 
Plant Breeding, pp. 9–16. CIMMYT, Mexico, D.F. 

Watson, CA, Topp, CFE & Ryschawy, J. (2017). Linking arable cropping and livestock production for efficient 

recycling of N and P. In:Lemaire, G., Carvalho, PCF, Kronberg, S. & Recous, S (Eds.), Agro-Ecosystem 
Diversity: Impact on Food Security and Environmental Quality, Elsevier (In press) 

Withers, PJ, Sylvester-Bradley, R, Jones, DL, Healey, JR & Talboys, PJ  (2014) Feed the crop not the soil: 
rethinking phosphorus management in the food chain. Environmental Science & Technology, Vol.  48, No. 

12, 6523:6530. 

Zander, P., Amjath-Babu, T.S., Preissel, S., Reckling, M., Bues, A., Schläfke, N., Kuhlman, T., Bachinger, J., 
Uthes, S.,  Murphy-Bokern, D., Stoddard, F. & Watson C.A. (2016) Can legume farming survive in Europe? 

A review on the drivers of its decline and the agro-economic challenges on its revival. (2016) Agronomy for 
Sustainable Development (http://link.springer.com/article/10.1007%2Fs13593-016-0365-y) 

 

http://link.springer.com/article/10.1007%2Fs13593-016-0365-y


 

11 

 

 

The European Innovation Partnership 'Agricultural Productivity and 
Sustainability' (EIP-AGRI) is one of five EIPs launched by the European 
Commission in a bid to promote rapid modernisation by stepping up innovation 
efforts.  

The EIP-AGRI aims to catalyse the innovation process in the agricultural and 
forestry sectors by bringing research and practice closer together – in 
research and innovation projects as well as through the EIP-AGRI network. 

EIPs aim to streamline, simplify and better coordinate existing instruments and 
initiatives and complement them with actions where necessary. Two specific 
funding sources are particularly important for the EIP-AGRI:  

 the EU Research and Innovation framework, Horizon 2020,  
 the EU Rural Development Policy.  

An EIP-AGRI Focus Group* is one of several different building blocks of the 
EIP-AGRI network, which is funded under the EU Rural Development policy. 
Working on a narrowly defined issue, Focus Groups temporarily bring together 20 
experts (such as farmers, advisers, researchers, up- and downstream businesses 
and NGOs) to map and develop solutions within their field. 

The concrete objectives of a Focus Group are:  

 to take stock of the state of art of practice and research in its field, 
listing problems and opportunities;  

 to identify needs from practice and propose directions for further 
research;  

 to propose priorities for innovative actions by suggesting potential 
projects for Operational Groups working under Rural Development or 
other project formats to test solutions and opportunities, including ways 
to disseminate the practical knowledge gathered.  

Results are normally published in a report within 12-18 months of the launch of a 
given Focus Group. 

Experts are selected based on an open call for interest. Each expert is appointed 
based on his or her personal knowledge and experience in the particular field and 
therefore does not represent an organisation or a Member State. 
 
*More details on EIP-AGRI Focus Group aims and process are given in its charter 
on:  
http://ec.europa.eu/agriculture/eip/focus-groups/charter_en.pdf 

 
 

https://ec.europa.eu/eip/agriculture/sites/agri-eip/files/charter_en.pdf
https://ec.europa.eu/eip/agriculture/sites/agri-eip/files/charter_en.pdf

