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Technology options for feeding 10 billion people - Plant breeding and innova  tive agriculture

Abstract

I n the frame of the STOA pron@ciOofdielchinoh opm
analyse how farming management concepts, practices and technologies, including plant
breeding, could enable sustainable intensification of crop production, with the aim to increase
food production and support food supply. The aim of sustainable intensification is to produce
more food from the same area of land while reducing the environmental impacts, under social
and economic beneficial conditions.

The study addresses agriculture in developing countries as well as in indu strialized countries
(Europe), small-scale and largescale farming, extensive and intensive agricultural production
systems, and low and high tech production practices. The main topics are:

1 Reducing yield gaps 8 sustainable intensification and improving cr op management;
9 Increasing yield potentials d plant breeding;

9 Reducing crop lossesd improving harvest and postharvest procedures.
For these topics, options for action are identified and discussed.
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EXECUTIVE SUMMARY

The objective of this study is to analyse how farming management concepts, practices and technologies,
including Oplant breeding technologies, could enable sustainable intensification of crop production, with
the aim to increase food production and support food security. The scope of the study encompass
agriculture in developing countries as well in industrialized countries (Europe), small -scale and large
scalke farming, extensive and intensive agricultural production systems, and low and high tech
production practices. The assessment is restricted to crop production. The main topics are:

> Reducing the yield gap 8 sustainable intensification and improving crop ma nagement
> Increasing the yield potential o plant breeding
> Reducing crop lossesd improving harvest and postharvest procedures

Sustainable intensification and improving crop management: Reducing the yield gap

Many regions worldwide show large yield gaps, whi ch is the difference between yield potential and
average farmersd yields. Under changing environment a
production are important:

> Higher production by better exploring the (genetic) yield potential
> Better input use by higher production efficiency
> Increasing the site specific yield potential by improved land productivity

Sustainable intensification means producing more food from the same area of land while reducing the
environmental impacts, under social and economic beneficial conditions.

Crop production systems include every step in cultivation, from rotation, tillage and sawing to crop
harvest, and compromise a set of common principles, technologies and management practices. Crop
production systems with the pote ntial for sustainable intensification are:

> Precision agriculture Precision Agriculture aims to apply the right treatment in the right place at the
right time. It is an innovative information controlled management concept of crop production, based
upon various new or advanced technologies. These include in particular satellite-supported
positioning systems, sensor technologies for data collection, gecinformation systems, various rate
application s and decision support systems.

> Conservation agricultureThe three key principles of conservation agriculture are continuous no or
minimal mechanical soil disturbance, permanent organic -matter soil cover and diversified crop
rotations. Conservation agriculture aims to prevent soil degradation und to preserve and/or enhance
soil fertility by strengthening natural biological processes above and below the ground.

> System of rice intensificatiohis innovation in rice production systems is basically a set of modified
practices for managing rice plants, and the soil, water and nutrients that support their growth,
starting as a civil society innovation. In the meantime, the approach is also transferred to other crops.

> Organic farming Organic agriculture is defined by international principles and standards. Major aims
are a more efficient nutrient use and re-use by optimising the scope of nutrient recycling, and the
exploitation of agro -ecological mechanisms. Especially readily soluble mineral fertilisers, synthetic
pesticides and performance stimulants are renounced. Organic Farming is at first a legally defined
production method for food and may also be part of movements with agro -political and ideological -
philosophical influence.

> Agroforestry Agroforestry systems are understood as land use systems which simultaneously
combine deliberately interplanted annual crops and trees. Agroforestry consists of a set of reasoning
and design principles rather than fixed planting schemes. Agroforestry aims to diversify and sustain
production. There are countless Agroforestry systems that have been developed across the globe.
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> Integrated crogdivestock production system§hey are farming systems in which livestock and crops are
produced within a co -ordinated framework. In many mixed systems, the waste products of one
component serve as aresource for the other. manure from livestock is used to enhance crop
production, whilst fodder crops, crop residues and by -products feed animals.

Just as worldwide, farming systems in the EU differ strongly, from semi -subsistence farming to specialist
and intensive, larger-scale crop farming and to large-scale corporate farming. The discussed crop
production systems have variable relevance and potential in specific farming systems. Generally, the
overall principles of the crop production systems have to b e locally adopted to the agro-ecological and
socio-economic conditions of farms.

Likewise, the three main objectives of sustainable intensification are addressed in different ways.
Precision Agriculture addresses especially high external input agriculture and specialised crop
production, and intends in the first of all to make crop production more efficient and environmental -
friendly. In contrast, the central objective of the other discussed crop production systems is to improve
the site specific yield potentials, with maintenance and enhancement of soil fertility in the centre. They
imply deeper changes in crop production systems: diversified crop rotations, plant associations, green
manure and permanent organic-matter soil cover, and/or integration of crop and livestock production.
All systems have the potential for higher yields and productivity. Therewith, they can reduce yield gaps.

Despite all differences between the crop production systems, some important trends in the frame of
sustainable intensification can be identified:

Increasing differentiation of crop management

Higher complexity of management concepts
Agriculture gets more knowledge -intensive

Shift to system approaches

Mainstreaming of agro -ecological approaches
Combination of bottom -up and top -down approaches

V V. .V V V V

Plant breeding: Increasing the yield potential

In the past, plant breeding made, by enabling higher yields, a major contribution to better food supply
and to the fact, that the increasing crop production mostly took place on already cultiva ted land. This
part of the study gives an overview of the development of plant breeding as an applied science, the
fundamental background of inheritance, the conventional plant breeding methodologies and the state of
the art of new approaches. In the last decade, the knowledge about the genetic background of
inheritance of diverse traits for agronomical important crop has increased remarkably.

Plant breeding is confronted with a multiplicity of sophisticated breeding goals. They can be
summarised by three main goals that have to be achieved for crop improvement:

Increasing yield potential

Safeguarding yield

Quality of product s

Every plant breeding approach follows three general steps, including:
Creation of a new initial genetic variation

Selectionof suitable genotypes for creating new varieties

Testing, maintenance and reproduction of a variety

V V. V V V V V

Conventional plant breeding methodologies depend on the particular crop plant species and its
propagation type. The type of propagation determines the different bree ding strategies and the resulting
major types of varieties: pure-line, population, clonal and hybrid varieties. They dominate the cultivated
areas worldwide. Since the 1990s, varieties have been generated by genetic modification (GM crops)
which made the transfer of genes from any genome possible. They are cultivated mainly in North and
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South America, China and India. Currently, two traits (herbicide tolerance, insect resistance) and four
major cash crops (cotton, maize, rapeseed, soybean) are dominating te area cultivated with GM crops.
New approaches such ascisgenic and intragenic breeding are in development.

Additionally, nowadays a number of well -established modern tools applicable for each of the three
major breeding steps respectively are available:

> Tissue culture-based methods
> Marker -assisted breeding
> Mutation breeding

Lastly, two plant breeding approaches are described which aim to increase vyield potential in low

external input agriculture and to provide varieties adopted to specific local cultivati on conditions.
oOParticipatory plant breedingd6 (PPB) has been devel oy
in developing countries, and thereby increase the farmer-breeder-c or por ati on. o0Organic p
aims to provide varieties that ar e adapted to the conditions of organic farming and take advantage of
agro-ecological potentials.

Overall, modern breeding technologies open new possibilities to create genetic variation and to improve
selection, but conventional breeding technologies will remain important.

Reducing crop losses

Harvest and postharvest losses are an important issue on the global level. Their reduction can contribute
to the local as well as global food security. In this study, food losses until the farm gate are regarded,
including handling at harvest and postharvest, storage, transport and distribution by farmers. Although
most attention is paid to developing countries in Africa and Asia, the post -soviet countries might
experience similar malfunctioning of the food supply syst em.

The estimates of harvest and postharvest losses vary significantly. A literature survey shows that most of
the estimates relate to specific regions, farming systems and food supply chains often under specific
weather circumstances of a particular year. Food losses depend on changing food supply chains which
include post-harvest technologies and marketing organization and infrastructure. Overall, losses tend to
be lower in modern food supply chains of developed countries.

Harvest and postharvest losses @n be classified as physiological (caused by environmental conditions),
pathological (cause by the attack of pathogens, e.g. fungi, bacteria, insects etc.) and endogenous (caused
by endogenous processes like respiration, transpiration, sprouting and ripeni ng). The risk of losses
increases with the degree of perishability, from grain, over roots and tubers, to fresh fruits and
vegetables. Postharvest losses are closely linked to préharvest and harvest technologies. Biological
spoilage has its roots in poor protection against pests during the growing period, inadequate timing of
harvest and rough handling during harvest and during the transport from the field to the postharvest
facilities. Storage of either crop requires controlling temperature and humidity, and often also the
content of oxygen and carbon dioxide (grains and FFV). Controlling temperature and atmosphere
requires not only facilities but also monitoring and control systems.

Technologies for reducing harvest and postharvest crop losses are availabe, however, there are number
of obstacles to bring them into practice particularly among small poor farmers. These technologies are
often not suitable in scale, and they are associated with high investment costs. Most of them require
innovations throughou t the whole food supply chain. Horizontal and vertical coordination is needed,
but there is often no capacity for it.

There are attempts to solve the postharvest problems of smallscale farms by encouraging them to
deliver their surplus crop (e.g. cereals, potatoes) as soon as possible into large scale postharvesitorage
facilities, usually under conditions regulated by the government. This is generally beneficial, but can
have also adverse effects (e.g. improper management).
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For poor small-scale farmers and semi subsistence farmers, the way how to reduce postharvest losses
remains in improving the traditional technology and enabling their participation in the modern food
supply chain. The technological improvements must be of low cost using locally availa ble materials and
tailored to the local climatic, natural and socio -economic environment. In addition, producers must be
guided to see a clear direct or indirect advantage, particularly the financial benefit.

Modern and improved technologies require knowle dge, skill and in many cases effective extension
services. Past experience shows that the support system cannot be exclusively technically focused; in
contrary, more types of intervention are needed such as providing effective rules, knowledge transfer
support, improved access to credits and often direct market intervention providing stabilisation through
temporary storage of surpluses. Therewith, government intervention is need.
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OPTIONS BRIEF

Spread and implementation of existing knowledge, technology an d best practice, and investment in new
agricultural science innovation and production system approaches are needed to produce more food in a
sustainable way. Overall objective is the contribution of European food production to feed the increasing
populatio n worldwide. Sustainable intensification should be reached by

> reducing the yield gap through improving crop production management,
> increasing the yield potential by plant breeding , and
> reducing crop losses

For these objectives, this study has worked out options for action.

Sustainable intensification in the European Union

Sustainable intensification should consider the very different settings of European farming systems. In
consequence, differentpriority tasks should be talked parallel:

> Increasing input use efficiency especially in intensive production systems to improve their
environmental performance and to maintain their production potential;

> Increasing productivity in extensive production systems without compromising their environmental
services;

> Including marginalised farmers (e.g., semi-subsistence farming) in productivity improvement to
preserve their contribution to food supply and for accompanied social and environmental benefits.

Overall, a stronger focus on maintenance and enhancement of soil fatility and exploitation of agro -
ecological mechanism should be taken to stabilize achieved high yield levels in favourable areas, to
realise more of existing yield potentials, and to increase the resilience of farming systems. Efforts should
be undertaken to explore combinations and mutual benefits between input use efficiency and soil
fertility improvement approaches (e.g., precision agriculture and conservation agriculture) .

Recent scientific and technological advances and practical experiences offer sigificant new
opportunities to address challenges of crop production in Europe. Sustainable intensification and food
security at global and European level demand long-term action. Major steps to enable a contribution of
the European agriculture to increasin g food production are:

Building awareness

Sustainable intensification needs political commitment at European and Member State level, supported
by informed dialogue with farmers and other stakeholders.

More public research funding

After decades of de-investment in public agricultural research, more public money (EU and Member
States) is required, in addition to existing research spending. Sustainable intensification will often need
specific measures (e.g., public research programmes) to incentivise researchhat produces public goods
and longer-term results.

Prefer system approaches

Crop production systems approaches should be in the centre of research activities. Single technologies
and practices promise only restricted advances. Approaches that combine different technologies and
practices will produce real progress. Research communities should open up, and mutual learning should
be encouraged between precision agriculture, conservation agriculture, organic farming, agroforestry
and integrated crop-livestock system research, based on common points in objectives and practices.
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Enable long-term projects

Long-term agronomic research projects at both farm and research levels throughout the EU are needed
because the impacts of greater shifts in crop production (such as with conservation agriculture, organic
farming, agroforestry and integrated crop -livestock systems) needs time to manifest.

Development of sound decision support systems

In precision agriculture, scientifically and economically sound decision support systems are a major
bottleneck. Therewith, a research focus should be on precise identification input utilisation factors and
yield determining factors, their interaction, and their translation in crop management decision. In
general, the relationship between generally valid rules and concrete site specific rules is of high
relevance for input efficiency and improved site specific yield potentials.

Address different European farming systems

The European farming systems face different challenges and have sgcific potentials for sustainable
intensification. This should be addressed specifically by agricultural research. Research activities should
also include extensive farming and small-scale farming (e.g., semisubsistence farming) in Europe, to
preserve their contribution to food supply , to enhance their productivity and to sustain their
environmental and social benefits.

For example, principle of side -specific application of production inputs should be made available for the
different European farming systems . Ther ef dPreesion Agscalture éconcepts should be
developed which depends mainly on inexpensive technologies or visual observation of crop and soil,
and management decision based on experience and intuition. Open question is how high-tech and low -
tech approaches could learn from each other.

Strengthening participatory research

For addressing the relevant challenges and encouraging local adoption, interdisciplinary and
participatory research should be strengthened. For up-scaling of advanced crop production systems, is,

new networks among diverse stakeholders are needed to combine top-down and bottom -up knowledge

creation and transfer mechanisms, including institutional learning. This task has to be taken up by the
scientific system as wellas byf under s . At European | evel, a networ Kk
Food Securitydé could be established in the frame of
Boundaries of the past between public funded basic research and private funded applied research as

well as between research institutes and universities as dominant sources of knowledge and innovation

and the farmers and commercial sector as adopters get more and more blurred. This demands new forms

of cooperation and knowledge exchange. Without public fund ed incentives for new cooperations, the
agricultural knowledge system could become increasingly fragmented.

Revitalise public extension

Effective knowledge and technology transfer to the farming communities, using a combination of
scientific and practical expertise, is of high importance. Public funded extension services should be
revitalised to increase the skills and knowledge base of agricultural producers breadthwise.

Create incentive programmes

Support in the frame of agri-environmental measures should be implemented for crop production
systems with an agro-environmental focus, because the conversion is often connected with initial
investments, costs and risks of learning and adapting to local conditions, and delayed improved returns.

0
t
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Start enabling CAP reform

The direct payments to farmers from the Pillar | of the CAP are neutral in regard to the applied crop
production systems. A more enabling surrounding for sustainable intensification would demand a

longer-term transformation of the CAP with a phasi ng out of direct payments, replaced by public
payments linked to the provision of societal benefits. Difficulty is to achieve a broad consensus on
agricultural production systems which are sustainable or on criteria for environmental -friendly
production me asures.

Link sustainable intensification with nutrition change

A wider spread of specific agricultural production systems (e.g., organic farming) could support the
change of diets with lower consumption of meat products, therewith reducing the high land de mand of
animal production. Research should further investigate this link, and policies address this issue.

Strengthening plant breeding progress

In the past, plant breeding made a major contribution to increasing yields. In the coming years and
decades, futher progress is needed in plant breeding which addresses the challenges ahead and
different farming systems. Public sector crop breeding and genomics programmes should be initiated
that emphasis longer term objectives which cannot be expected from the private sector.

Main focus in public breeding research support should be on marker-assisted selection and SMART
breeding as very promising breeding technologies. Additionally, h ybrid breeding research remains of
high importance and should focus on molecular basis of the heterosis effect and on identifying the best
combinations of parental lines for creation of high -performing hybrids .

Organic breeding in the EU is still highly heterogeneous. Progress in organic breeding is nheeded so that
organic farming can take part on overall increase of yield potentials. Modern breeding technologies
should be assessedechnologies in regard to their compatibility with the principles of organic farming
Strengthening of organic breeding could also be of relevance for other farming systems. Special
regulation for the authorization of heterogeneous, locally well adapted varieties should be introduced,
and gene sequences of traditional varieties should be excluded from patenting.

Participatory plant breeding was developed and deployed to better serve the needs of smallscale
farmers in developing countries. Participatory plant breeding could be an approach to address European
semi-subsistence farming which would need public support. Overall, closer collaboration of plant
breedersand farmers could become more important in the future with mainstreaming of agro -ecological
approaches and more local differentiation of crop management.

New plant breeding techniques (such as cisgenesis/intragenesis) are associated with legislative
uncertainties of the GMO classification. Contrary opinions on the legal status are developing in science
and society. Therefore, a broad dialogue should be initiated with the aim to clarify the legal status of
new plant breeding techniques in the frame of the GMO regulation.

Concern is that the increasing number of patents on basic tools for genetic modification and marker-
assisted breeding in the hand of a small number of companies will hinder plant breeding innovations.

Therefore, the public and non-profit research sector should support initiatives to create platforms for
open innovation, using open source approaches.

Reducing crop losses

Harvest and post-harvest losses are an important issue on the global level. Their reduction can
contribute to the local as well as global food security. Food losses until the farm gate include handling at
harvest and postharvest, storage, and transport and distribution by farmers. The amount of food losses is
dependent from natural factors like climate, weather, crop biological characteristics and spread of pests,
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and on the development state of food supply chains, with their specific post -harvest technologies,
marketing organization and existing infrastructure.

For reducing crop losses (particularly in developing countries and transition countries), awareness
among farmers and the other actors in the food supply chain should be increased. Long-term strategies
should be established by international bodies, national and regional authorities as well as non -
governmental donor organi sations. Strategies should be tailored to their nature and causes, to the
affected crops and to beneficiaries and their socioeconomic characteristics Private and public research
and development should focus on selection of cultivars resistant or less suseptible to pests,
biopesticides (particular against fungal pest producing mycotoxins ), and small scale technical
equipment.

Next important point is the provision of m ethodological guidelines and training on good practices ,
tailored to particular crop s (taking into account differences among cultivars), locality and human and

financial capacities of beneficiaries (e.g., subsistence farmers, commercial farmerg. Equally important is

the exchange of experience among farmers and information flows along food supply chains as essential
elements of crop losses programmes similarly, horizontal and vertical cooperation is needed.

Marketing system should be improved by government and local authorities, to support the spread of
promising technologies by functioning food supply chains. Incentives should be given for the
development of rural markets in their specificities , supplementary to urban and export oriented food
markets.

Finally, i nfrastructure such asroads and railways should be enhanced, but attention should also be paid
to clean water supply, energy supply and ICT (internet, mobile phone).
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1. BACKGROUND AND APPRQACH

1.1 Background

Access to sufficient, safe and nutritious food is a fundamental human right (UN Human Rights 2010), yet
the number of undernourishe d people worldwide is unacceptably high and pervasive. Increased
investments in agriculture from the 1960s to the 1980s in the developing world and the associated
growth in food production and decrease in relative food prices enabled a remarkable decrease in the
proportion and total number of hungry people, despite a strong growing world population. But since the
mid 1990s, the overall number of undernourished has increased once again, and with the food and
economic crisis from 2007 to 2009, the percentagef hungry people worldwide increased as well (Meyer
et al. 2011). Global food insecurity is a chronic problem and future perspectives are at least uncertain.
Major challenges for food security d respectively food supply 90 are (Meyer et al. 2011; Royal Sodty
2009):

Increasing global population

Nutrition transition (growing demand for livestock products)

Growing overall demand for biomass (e.g. demand for biofuels)

Slowing of increases in agricultural productivity

Climate change (adaptation and mitigation n eeds)

Natural resource management (increasing threatening of soil and biodiversity, scarcity of water and
land)

> Importance of smallholders for a pro -poor development

vV V. V V V V

In this context, the STOA project d&aTechnol ogy opt i camstoihvwestgatteedi ng
und assess technology options to address the challenge of sufficient food supply in the coming decades.

The project compromise three parts:

> Sustainable intensification of crop production (area 1 + 2)

> Sustainable food storage, processing andpackaging (area 3)

> Tackling crop and food losses and waste (area 4 + 5)

Thestudya Technol ogy options for plant b r gaeh 2)rinyestigated f or
improvements in crop production, as part of the overall investigation of the food chain.

1.2. Objective, scope and topics

The objective of this study is to analyse how farming management concepts, practices and technologies,
including plant breeding technologies, could enable sustainable intensification of crop production , with
the aim toincrease food production and support food security . Therewith, animal production is not part
of the study.

Additionally, interplay of agriculture and climate change respective biodiversity is not part of this study
and will be assessed in study 1. Nonetheless, plant breeding and innovative crop production approaches
address climate change und biodiversity issues and impacts of options on climate change und
biodiversity will be assessed.

The study addresses agriculture in developing countries as well in i ndustrialized countries (Europe),
small-scale and largescale farming, extensive and intensive agricultural production systems, and low
and high tech production practices. Three main topics are covered in the study:

> Topic 1: Reducing the yield gap 0 sustainable intensification and improving crop management
> Topic 2: Increasing the yield potential d plant breeding
> Topic 3: Reducing crop losses
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1.3. Approach

1.3.1.  Approach in topic 1

The actual grain yields in some regions (e.g., North-western Europe) are already near the maximum
possible yields which can be achieved with the regional environmental conditions and the genetic
potential of available varieties. However, many other regions show large yield gaps, which is the gap
between the yield potential and actual pro duction per hectare. Therefore, there is potential for increasing
production from already cultivated land and existing cultivars, independent from the progress in plant
breeding.

Farming management concepts, practices and technologies for sustainable intemsification will be
evaluated in two steps. These are:

> crop production systems and

> specific technologies and practices

Crop production systemsclude every step in cultivation , from soil preparation and sawing to crop
harvest, compromising a set of farming technologies and management practices. For some agricultural
production systems, an explicit definition is existing , and for all systems, principles for agricultural

practices as well as soil and ecosystem management are formulated.Relevant crop production system
approaches for sustainable intensification to be investigated are (STOA 2009; FAO 2014; Worldwatch
Institute 2011):

Precision agriculture

Conservation agriculture

System of rice intensification

Organic farming

Agroforestry

Integrated crop-livestock production systems

V V. V V V V

These production systems share partly specific farming technologies and practices. Additionally,
combinations of these production systems are emerging, such as Conservation Agriculture with trees or
Evergreen Agriculture (Garrity et al. 2010) or Climate Smart Agriculture (FAO 2010b).

In the second step,specific farming technologies and practiegsch are part of the production systems, will
be analysed in more detail. These are existing and emerging technologies and practices for

overall crop production management,

soil management,

water management,

nutrition management,

pests, diseases and weed control management.

vV V V V

Leading questions for the assessmarit the identified and described production systems and
technologies/practices period are:

> Which chances exist for adaptation and implementation under different farming systems?

> Which contribution to an increased production can be expected?

> Which contribution tohigher production efficiency can be expected?

> Which contribution toimproved land productivity can be expected?

The aim of the study is to assess sustainable intensification at the global and European level. Thebroad

scope and global perspectiviethe study demands the development of a multidimensional assessment
scheme. For ansvering the questions, relevant differentiations are:

> Geoecological region: Tropics, Subtropics, Mediterranian and temporate regions;

10
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> State of economic development: developing countries and industrialized countries (Europe),
respective agricultural -based couwntries, transforming countries and urbanized countries (World Bank
2007, pp. 2938);
Structure of the agricultural sector: small -scale and large scale farming;
Use of external inputs in crop production: extensive and intensive agricultural production syste ms;
Technology level in crop production: low tech and high tech production practices.

These different dimensions will be captured with a farming system approaci farming system is defined

as a population of individual farm s that have broadly similar resource bases, enterprise patterns,

household livelihoods and constraints . A strongly simplified scheme of farming systems (based on

Dixon et al. 2001; Hazell, Wood 2008) is used to cover this fast diversity of global agriculture:

> Extensive smalkcale farmig in developing countriedow/non use of external inputs, without irrigation,
bad infrastructure 0 e.g. many countries in Africa;

> Intensive smalkcale farming in developing countridggh use of external inputs, with irrigation, better
infrastructure & e.g. part of agriculture in East and South Asia;

> Industrialized largescale farming in developing countrigggh use of external inputs, good infrastructure,
plantations & e.g. countries in Latin America;

> Extensive farming in Europkess favoured areas relative low use of external inputs, areas of agro-
environmental measures, organic farming;

> Intensive farming in Europsites of high productivity , high use of external inputs, restricted number of
planted crops.

For a more detailed assessment of agricultural production systems and technologies in the EU, a second

simplified scheme of farming systems was developed. Five farming systems in the EU were identified

which represent the most important typical farming situations in crop production. Therewith, not a |l

existing farm types in the EU are covered. Criteria for the selection of the farming systems are farm size,

production intensity, specialisation and integration in food chains. Additionally, the identified five

farming systems represent different domina nt regional settings of farming in the EU. Annex C gives a

detailed description. These EU farming systems are:

> Extensive smalkcale, sersubsistence farmingdver 40% of all holdings in EU-27 produce food for the
family and relatives, only surplus goes t o the market. This farming system is only of any importance
in the new Member States and Mediterranean countries, with Romania as the most important. The
small-scale farms apply extensive production methods, partly without external inputs.

> Extensive farmig in less favoured areaS4% of all farms in EU-27 are located in lessfavoured areas.
Less favoured areas cover over 50% of the total agricultural area inCzech Republic, Ireland, Greece,
Spain, ltaly, Hungary, Malta, Austria, Portugal, Slovenia, Slovaki a and Finland. Farming in less
favoured areas is characterised by extensive production systems respectively traditional land -use
systems, often based on grazing livestock. But cereal production is also important in less favoured
areas.

> Medium intensive, mied farming systemsMixed farming systems combine crop and livestock
production in different patterns and have a relatively low specialisation. Around 13% of all farms in
EU-27 are mixed farms. Mixed farming systems occupy over 10% of the total utilised a gricultural
area in Belgium, Czech Republic, Denmark, Germany, France, Latvia, Lithuania, Hungary, Poland,
Portugal, Romania, Slovenia and Slovakia.

> Intensive, largeiscale crop farmingThe regions with concentrated cereal and specialised crop
production are at the same time the areas with a high degree of large-scale farms Larger-scale
farming, based on high external inputs, is associated with low-land areas with high productivity.

11
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High input farm types are predominant in the Netherlands, Belgium, south -eastern England,
northern France, north -western Germany, northern Italy and northern Greece.

> Largescale corporate farmingarge-scale corporate farming compromise production cooperatives and
various types of farming companies. They are result of the transition process in Central and East
Europe since 1990 Corporate farms held over 50% of the total agricultural area in Bulgaria, Czech
Republic and Slovakia. Large corporate farms tend to specialise in cereals and oilcrops

1.3.2.  Approach in topic 2

In the past, plant breeding made a major contribution to higher food supply and to the fact, that the

increasing crop production mostly took place on already cultivated land. In the future, success in plant

breeding is needed as an important baseline for higher yields and increasing production. At the same
time, plant breeding must contribute to climate change adaptation, higher production efficiency and

more environmental -friendly agricultural production systems.

Overall, the assessment of breeding technologies will be based on a breeding in production system
approach. Therewith, the assessment will look at the suitability of breeding technologies for different
crops, production system approaches and farming systems.

In the first step, breeding technologies are classfied and described, based on a short overview of the
history of plant breeding, and on basics of breeding steps and goals. The following groups of breeding
technologies are included:

Conventional breeding (including hybrid seeds)

Mutation breeding

Tissue culture techniques

Marker assisted breeding

Breeding with genetic modification of crop plants

Breeding in organic farming

Participatory plant breeding

V V. V V V Vv V

Theseplant breeding technologies are assessed in regard to
> their relevance for the main breeding steps,

their current status in research and practical application,
their relevance for different important crop plants ,

their relevance for different breeding goals, and

their adaptability in the different farming systems.

vV V V V

Legal requirements such as GMO regulation and intellectual property rights are discussed. Additionally,
a short overview on seed industry and markets is given.

1.3.3.  Approach in topic 3

Postharvest losses of stale foods (non-perishable food crops) in industrialized countries are generally
considered to be low and are not considered significant under normal circumstances. In developing
countries, postharvest handling and storage are stagesin the food supply chain of staple foods with
relatively high food losses. Fresh fruits and vegetables (horticultu ral products) generally suffer higher
loss rates within industrialized and developing countries, although at different points in the food supply
chain and for different reasons.

This topic concentrates on developing countries. Additionally, the problem of crop losses in Central and
Eastern European countries is included. The focus of this study is on three categories of crops: grains
(cereals and oilseeds), roots and tubers and fresh fruits and vegetables (FFV his topic regards the losses
in the food supply chain until farm -gate: harvest, postharvest handling and storage, transport and

12
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distribution by farmers. Losses before harvest are part of the yield gap (e.g. losses due to pests) and will
be discussed in topic 1.

The analysis starts with an overview of harvest and postharvest crop losses. In the next step, causes of
crop losses are analysed. Based on this, technology and of nortechnology optionsto reduce harvest and
postharvest crop losses in the grain sector, the root and tuber sector and the fresh fuits and vegetable
sector are assessed, and obstacles to bring them into practice are outlined. A special focus is given
moulds and mycotoxins. Finally, institutional and other socio -economic aspects are discussed.

13
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2. OVERVIEW GLOBAL ANDEUROPEAN AGRICUTURE

This chapter gives a short overview on crop production, development of productivity and the diversity
of framing structures worldwide and in the European Union, as baseline for the assessment of
approaches for sustainable intensification, plant breeding and reducing crop losses.

2.1. Crop production

Global crop production

Cerealsare the major source of food supplies for direct human consumption, occupying around 55% of
the overall harvested area worldwide (Table 1). Currently, 2.4 billion tonnes of cereal s are produced
(FAO 2012a, p. 184). Over the last five decades, cereal production increasingly concentrated in Asia
(Beddow et al. 2010, p. 22). The production ofrice (paddy) accounted for 672 million tonnes, on 164.1
million ha 1. The bulk of world rice p roduction is destined for food use, although some gquantities are

used in domestic ani mal feeding. Rice is the primary

with Asia representing the largest producing and consuming region 2. In recent years, rice has also
become an important staple throughout Africa (FAO 2012 a, p. 184).

With 220.4 million ha (2011), mo rwheatth&n withraey othea foaddh 6 s s
crop. World output of wheat stands at around 651 million tonnes 3. Wheat is second to rice as the main

food crop. Around 70% is used as food, 19% for animal feed and the remaining 11% is used in industrial
applications, including biofuels. Wheat production is mainly located in the temperate zones of
developed and emerging countri es* (FAO 2012a, p. 186).

Maizei s t he worl dds primary coarse grain, produced on
aggregate coarse grain output of 1.1 billion tonnes® (2010). Maize has the ability to grow in diverse
climates. Production is concentrated in North America, especially the USA, South America and China ©.

Around 55% of world consumption of coarse grains is used for animal feed. At the global level, about

17% of coarse grains is devoted to food, but the share rises to 80% in Sulsahara Africa. There, maize,

millet, sorghum and other coarse grains (e.g. tef in Ethiopia) account for 3 out of every 4 kg of cereals
consumed as food. Almost 40% of maized 111 million tonnes & is used for biofuel production, an eight -

fold increase in just ten years (FAO 2012, p. 186).

Production of oilcropshas seen the most rapid growth in the last decades (Table 1).Soybearts rapeseed
and sunflower are the major oilcrops in temperate zones, while palmoil is the major oilbearing crop in
the tropics, increasingly cultivated in Southeast Asia. Around 168 million tonnes of oilseeds and oil -
bearing crops were produced in 2010, on 272.7 million ha (2011). Overall, four oilcrops (palmail,
soybeans, rapeseed and sunflower seed) now account for 75% of the world praduction 8. A major driving
force has been the growth of food consumption in developing countries, mostly in the form of vegetable
oil. The demand for protein meals for animal feed has contributed to changes in the geographical
distribution of oilseed produc tion. The latter has shifted towards countries that could produce and

! Global harvested area, production and yields of rice: Figure A2 8 A5 in Annex A

2 Global geographic distribution of rice production: Figure Al in Annex A

3 Global harvested area, production and yields of wheat: Figure A8 d A11 in Annex A
4 Global geographic distribution of wheat pro duction: Figure Al in Annex A

5 Global harvested area, production and yields of maize: Figure A19 8 A23 in Annex A
6  Global geographic distribution of maize production: Figure A18 in Annex A

7 Global geographic distribution of soybean production: Figure A1 8 in Annex A

8  Global harvested area, production and yields of soybean: Figure A26 6 A29 in Annex A
Global harvested area, production and yields of rapeseed: Figure A333 A36 in Annex A
Global harvested area, production and yields of sunflower seed: Figure A40 8 A43 in Annex A
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export oilseeds of high protein content, in which oilmeals are not by -products but rather joint products
with ail, e.g. soybeans in South America (FAO 20123, p. 188).

Table 1. Global harvested area by crop category

Area (million ha)

Crop category
1961 2011

Cereals 648.0 697.7
Oil crops 113.4 272.7
Pulses 64.0 78.1
Root crops 47.6 54.3
Fibre 38.7 38.4
Fruits 24.5 57.1
Vegetables 23.7 56.7
Citrus fruits 23 9.3

Source: Beddow et al.(2010, p. 21; FAOSTAT (2013

Pulsesare an important constituent in local food crops in developing countries. They are a key source of
protein in the diets of the worl dds poompostantsiameunt ri e
in vegetal-based diets. In crop production systems, pulses represent an input-saving and resource-

conserving technology through biologically fixing nitrogen. Around 68 million tonnes of pulses were

produced in 2010, on 78.1 million ha (2013°. Production is geographically diverse (FAO 2012a, p. 190).

Root cropshave traditionally been a staple in several countries, mainly in Sub-Sahara Africa, Latin
America and the Caribbean. Potato'© is the main root crop in temperate zones, while in the tro pics, a
broad array is cultivated, with cassavall as the major root crop. Cassavegplays a twin role as a food
security and industrial crop. 726 million tonnes of roots and tubers were produced in 2010, on 54.3
million ha (2011). This commodity group exhibit the most divergent trends in production across regions
and economic status (FAO 2012, p. 192).

Currently 166 million tons of sugar(raw equivalent) are produced in 120 countries. Over 70% of sugar is

derived from sugar cane (tropic zones) and the remainder from sugar beet (temperate zones}2 The

harvested area is 30.5 million ha (2011). The total acreage ofugar caneultivation has doubled in the past

25 year s. I n Brazil, the worl dds | eading prodtocer, we
On the other hand, higher production volumes in India reflect the importance of sugar in domestic diets.

Sugar beet production in the developed countries declined since the 1980s (FAO 2013, p. 196).

9  Global harvested area, production and yields of pulses: Figure A47 8 A49 in Annex A
10 Global harvested area, production and yields of potato: Figure A53 d A56 in Annex A
11 Global harvested area, production and yields of cassava: Figire A6059 8 A62 in Annex A
12 Global harvested area, production and yields of sugar beet: Figure A63 d A66 in Annex A
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Global fruit and vegetablg@roduction experienced a remarkable increase over the last decades (Table 1).
The high value of fruits and vegetables is not just limited to their monetary value, as they play a highly
important role in improving the diets of people around the world. Worldwide, over 600 million  tonnes of
fruit and around 1 billion tonnes of vegetables were produced. The global cultivation for fruits is 57.1
million ha and for vegetables 56.7 million ha (2011). World production has been fuelled by an area
expansion in Asia, especially in China. Strong growth rates in fruit and vegetable cultivation have also
been recorded in food-insecure and low-income regions, such as in SubSahara Africa and in South Asia
(FAO 20123, p. 194).

Crop production in the European Union

The total agricultural area covered 172 million hectare in the EU-27 in 2007, of which 60.5% was arable
land, 32.9% permanent grassland, 6.4% permanent crops, and 0.2% kitchen garderi8. Several Member
States (Greece, Spain, Italy, Cyprus) have a much higher proportion of permanent crops than the EU
average (EUROSTAT 2012c). Cereals are the major field crop (Table 2), occupying two third of the
harvested area in the EU in 2011, followed by oil crops!4 (FAOSTAT 2013). The EU27 produced 282.9
million tonnes of cereals including rice 15 in 2010. Almost half (48.6%) of the total production of cereals
was accounted for by wheat!6, while around one fifth of the total was composed of grain maize 17 (19.9%)
and barley® (18.3%). France and Germany were by far the largest cereal, sugar beet and oilseed
producers, together accounting for more than half of the EU-2 78 s sugar b¥@®31%pandduct i
just under two fifth of its oilseeds production (38.9%) and of its cereal production (37.3%) in 2011
(EUROSTAT 2012d). France and Spain are the most importaih producers of pulses?. The leading potato
producer in the EU are Germany, Poland, France and the Netherlands?L.

13 Arable land, permanent crops, permanent grassland, kitchen gardens and total land area by Member States:
Figure A69 in Annex A

14 EU produ ction area, production and yields of soybean: Figure A30 d A32 in Annex A
EU production area, production and yields of rapeseed: Figure A37 d A39 in Annex A
EU production area, production and yields of sunflower seed: Figure A44 8 A46 in Annex A

15 EU produ ction area and production of rice: Figure A6 8 A7 in Annex A

16 EU production area, production and yields of wheat: Figure A12 d Al4 in Annex A

17 EU production area, production and yields of maize: Figure A23 8 A25 in Annex A

18 EU production area, production and yields of barley: Figure A15 d A17 in Annex A

19 EU production area, production and yields of sugar beet: Figure A67 d A69 in Annex A
20 EU production area, production and yields of pulses: Figure A50 8 A52 in Annex A

21 EU production area, production and yields of potato: Figure A57 8 A59 in Annex A
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Table 2:  Harvested area European Union by crop category in 2011

Cron drouns Area Percentage
P group (million ha) (%)

Cereals 56,4 65,7
Qil crops 16,9 19,7
Pulses 15 1,7
Root crops 1,9 2,2
Fibre 0,5 0,6
Fruits 5,8 6,8
Vegetables 2,3 2,7
Citrus fruits 0,5 0,6

Source: FAOSTAT (2013

In the EU-27, the most important vegetables in terms of production were tomatoes, onions and carrots,
while the most important fruits were apples, oranges and peaches. Italy and Spain were the largest
producers of vegetables and fruits among the EU Member States (EUROSTAT 2012d).

2.2. Development of productivity

Global development of productivity i n crop production

From the 1950s, major achievements in agricultural production took place, with high average growth

rates of yields due to the increasing use of high-yielding varieties, synthetic fertilizers, pesticides,

irrigation and mechanization. Worl dwide, the average rates if yield growth were lower in 1990 -2007 than
in 1961-1990 (Table 3). The growth of wheat yields slowed the most, and for the high-income countries as
a group, wheat vyields barely changed over the 19902007 period. Rice and soybeanyields grew only

around 1% per year in the last two decades. Corn showed a relative low decrease of yield growth. As an
exception, the low-income countries have seen increasing rates of growth in wheat and rice yields
(Alston et al. 2010, p. 48).
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Table 3:  Global yield growth rates (% per year) for selected crops, 1961 -2007

Corn Wheat Rlce Soybeans
1990 2007 1990 2007 1990 2007 1990 2007
World
North America 2.20 1.40 2.23 0.01 1.67 1.54 1.05 0.04
West Europe 3.30 1.81 3.31 0.63 0.38 0.55 1.64 0.05
East Europe 1.91 0.97 3.18 -1.69 -0.41 1.07 1.90 2.29

High per capita

. . 2.34 1.48 2.47 0.06 1.07 0.54 1.14 0.02
income countries

Middle per capita

. . 241 2.12 3.23 0.85 2.54 0.81 3.21 2.08
income countries

Low per capita income

. 1.07 0.65 1.32 2.15 1.46 2.16 2.63 0.00
countries

Source: Alston et al. (2010, p. 49

Changes in global and regional yield aggregates can be influenced by changing spatial location of
production. Changes in location of production imply changes in average productivity (yields) to the

extent that different locations have different endowments of soils and climate, different economic
incentives, and different technological opportun ities (Alston et al. 2010, p. 50).

In parallel with the declining yield growth rates, the longer -run growth in land productivity (aggregated
output per harvested area) and labour productivity (aggregated output per agricultural worker) show a
slowdown in t he rate of growth during the post -1989 period compared with the previous three decades
worldwide (Alston et al. 2010, p. 52). Exception is China which experienced a significant increase of land
and labour productivity growth in the last two decades.

The development of land and labour productivity and land -to-labour ratio over time for different
regions shows figure 1. The horizontal axis measures labaur productivity (in logarithms) and the vertical
axis measures land productivity (in logarithms). The diagonals indicate constant land-to-labour ratios,
measured in hectares per agricultural workers (in logarithms) . As the productivity locus for a particular
country or region crosses a diagonal from left to right, it indi cates a decrease in the number of
economically active workers in agriculture per harvested hectare in that region (Alston et al. 2010, p. 53).
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Figure 1.  Land and labour productivity by region, 1961 -2005
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Source: Alston et al. (2010, p. 54

Land-to-labour ratios reflect the very different farming structures ( Chapter 2.3) and range from around

one hectare per worker (China) to over 500 -lamort ares
ratios rose from 0.6 hectares per worker in 1961 to 1.6 in 2005. Landabour ratios in Australia and new

Zealand have changed little, whereas they have risen significantly in North America and Western

Europe. In contrast, Sub-Sahara Africa has become much more labourintensive, so its land-labour ratios

have declined from 10 hectaresper agricultural worker in 1961 to 5 hectares in 2005 (Alston et al. 2010, p.

541.).

The highest land productivity shows Japan. Medium -sized land productivity can be found in Asia,
Eastern and Western Europe, and North America. Land productivity is lowes t inSub-Sahara Africa and
Australia and New Zealand. Over the four and a half decades all regions and countries could increase
their land productivity. But global land productivity growth has been substantially slower since 1990
(Alston et al. 2009). Additionally, the throwback in Eastern Europe and the Former Soviet Union is

clearly visible (see Box 1).
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Box 1
Agricultural production and productivity in the former Soviet Union and Central
and Eastern Europe

Economic and institutional reforms have dramatical ly affected the agricultural performance in all
Central and Eastern European countries and Former Soviet Union republics. Not only did agricultural
output fall dramatically in the region but also efficiency decreased during the transition. In the early
transition period, gross agricultural output decreased in all regions by at least 20%. The transition from a
centrally planned economy to a market-orientated economy coincided in all countries with subsidy cuts
and price liberalization, which in general caus ed input prices to increase and output prices to decrease,
Purchased inputs were no longer affordable at the new relative prices, and the decrease in input use
caused a decrease in agricultural output. In the Baltic states and the European CIS, output deceased to
about 50% to 60% of the prereform output (Figure 2). In Central Europe and Central Asia, output
declined by 25% to 30%. Output stabilized in the mid -1990s in Central Europe and later also in the other
regions. Currently, agricultural output is cl ose to the prereform output level in most countries (Swinnen
et al. 2010)

Figure 2. Development of gross agricultural output in former Soviet Union and Central and
Eastern Europe
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The regions and country groups reveal large differences in labour productivity. In 2005 , low-income
countries as a group averaged just $ 331 of output per agricultural worker, compared with $ 1,032 per
worker for middle -income countries and $ 26,975 per worker for high-income countries. Therewith,
labour productivity is clearly tied to the o verall per capita income of countries. It should kept in mind

that broad regional productivity trends mask significant local variation caused by a host of agro -
ecological, market-related, and policy -related factors (Alston et al. 2010, p. 55).
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Development  of productivity in the European Union

Crop production in the EU shows a high diversity in land productivity, between and inside Member
States. Level of productivity is dependent from

> agro-ecological conditions,
> farm economics and
> regional economic framing conditions.

Information on the intensity of land use in the EU is available based on the output in economic terms of

agricultural products per hectare. Therewith, different types of output from crop and animal production

are integrated (Andersen et al. 2007; Kempen et al. 2011). Three levels of intensity are distinguished

(Andersen et al. 2007):

> Low intensity: Total value of agricultural products per ha < 500 Euro,

> Medium intensity: Total valwue of agricultural produ
> Highint ensity: Total wvalue of agricultural products pe

Clusters of high intensity farming exist in the Netherlands and the bordering regions of Germany and
Belgium and in the Eastern part of Spain (figure 3). Higher proportions of high intensit y farms can be
found also in Denmark and in some regions of Greece and Italy. High intensity is associated with regions
of concentrated livestock farming, horticulture, permanent crops and intensive crop production. Low
intensity farming follows a more sca ttered pattern across the EU. Three larger clusters are found on the
Iberian Peninsula, in Northern parts of United Kingdom and in lIreland, an in the Baltic States.
Permanent grassland, sheep and goat production, and mixed farming are important activities (Andersen
et al. 2007; Kempen et al. 2011). Part low intensity area is classified as High Nature Value (HNV)
farmland (EEA 2009, p. 18). In the EU15, a quarter of the agricultural area is managed by low intensity
farms, and nearly 15% by high intensity farms (Table 4).

Table 4: Share of farms, area, livestock units (LU) and output covered by different levels of
farming intensity in EU -15, 2003 (in %)

Share of Share of area | Share of LU Share of
Level of farming intensity farms I

Low intensity
Medium intensity 53.4 61.6 39.0 37.9
High intensity 34.8 14.8 54.9 59.2

Source: Andersen et al.(2006, p.19
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Figure 3:  Distribution of low -intensity and high -intensity farm types on agri -environmental zones
in the EU
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Legend: Bulgaria, Cyprus, Malta and Romania not included. The distribution of medium intensity farm types is not
included. The lightest green indicates regions where the farm type in question is not present.

Source: Kempen etal. (2011

Average yields in cereal production show remarkable differences in the EU. Highest levels are achieved
in North -western Europe. Yields in Southern and Eastern Europe are much lower. Average yields of
eight to ten tonnes per ha are achieved infavoured arable regions of the United Kingdom, Denmark,
Germany or France and yields as low as two to three tonnes per ha in the dry interior of the Iberian
peninsula and in some other Mediterranean countries. Exemption is maize where Greece and Spain
belong to the leading countries due to the favourable climatic conditions (see Annex A). In the United
Kingdom, the yields of major crops increased from the 1950s to the 1990s with a growth rate about 2%
per year. After the 1990s, growth rates falls to about 02% per year, as before the WorldWar Il (Piesse,
Thirtle 2010, p. 154155). Similar developments took place in countries with intensive wheat production
such as Belgium, Denmark, France, Germany and the Netherlands (Figure 4). For the UK, the reason for
this reversal are seen in the decline of public research & development expenditures, their targeting away
from productivity enhancement and the demise of public extension service (Piesse, Thirtle 2010, p. 179
184).

In contrast to land productivity, labour p roductivity continued to increase over the last years in the
United Kingdom (Piesse, Thirtle 2010, p. 161), and in other industrialized countries. Over the last
decades, labour productivity growth rates were higher than land productivity growth rates in We stern
European countries and in North America (Figure 1).
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Figure 4.  Development of wheat yields in selected European countries, 1961 -2011 (in 100kg/ha)
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2.3. Farming structures

Farming at the global level

Worldwide, t he vast majority of farmers are smallscale farmersalso called smallholders or family
farmers. Estimated 85% of the farmers countries produce on less than 2 hectaregWorld Bank 2007, p. 90;
von Braun, Diaz-Bonilla 2008 p. 7). In countries as diverse as China, Egypt and Malawi, 95% of the farms
are smaller than 2 hectares(FAO 201Cc). The dominance of smallholders is found mostly in countries of
East, SouthEast and South Asia, and SubSahara Africa (Table5). Someincrease of the average farm size
can be seen from the equator to the more arid areas in the direction of the tropics. Countries with high
percentage of irrigated land show a low average farm size. These relationships reflect land productivity
(Meyer 2011). Average farm size is much higher in countries with greater percentages of permanent
grassland. In the last decades, many developing countries saw adecline in farm sizend in land/labo ur
ratios (Chapter 2.2), i.e. the ratio of cultivated land to agricu ltural population (Hazell et al. 2010; Jayne et
al. 2010). Missing labour opportunities outside agriculture are seen as a major cause for this
development.

Smallscale farms play also an essential role in countries with a higher average farsudizas Bazil,
Venezuela or Tunisia. A fifth or more of all farms in these countries are smallholders, constituting a high
number of farm households. Part of developing countries has severe land inequalities between
smallholder and large -scale farms, e.g. in LatinAmerica and South Africa. Stronger unequal distribution
of farm size is characterised by higher Gini coefficients (Table 5). Partly, there are also major disparities
in land distribution within the small -scale farm sector itself. In selected Eastern and 8uth Africa
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countries, households in the highest per capita land quartile control between 5 and 15 times more land
than households in the lowest quartile (Jayne et al. 2010).

Small-scale farmers can be found under more or less allagraecological and soeaconomic conditiong-rom
the agro-ecological point of view, smallholders are located in irrigated and rain -fed areas, and in high-
productive and marginal farming areas. Smallholders produce partly with extensive use of external

inputs such as synthetic fertilizers and pesticides, and partly without external inputs (Meyer 2011). Even
today more than 80% of African farmers and 40 to 60% of those in Asia and Latin America still work
with strictly manual tools (Mazoyer, Roudat 2006, p. 442).

Table 5:  Average farm size and dispersion measures in different regions, 1990s

Mean size Size <2 ha Gini Permanent
coefficient pasture

(ha) (%) (%)
Sub-Sahara Africa 2.4 69.2 0.49 9.0
West Asia + North Africa 4.9 65.0 0.70 7.1
South Asia 1.4 77.8 0.54 -
Southeast Asia 1.8 57.1 0.60 1.4
East Asia 1.0 92.2 0.50 -
Central America + the Caribbean 10.7 62.8 0.75 38.0
South America 111.6 35.7 0.90 74.6
United States 178.4 4.2 0.78 47.9
Europe 32.3 29.9 0.60 35.9

Source: Based on Eastvood et al. (2010, p. 3330

The market integration of sma#icale farmers very different (Bennett, Franzel 2009, p.vii):

> Subsistence: Farmers hardly participate in markets at all;
> Transitional integration: Farmers sell some of their products, generall y in informal, local markets;
> Cash-cropping: Farmers sell nearly their entire crop, generally through formal markets.

The surplus production and marketing (of staples) is concentrated on relative few small -scale farmers
(Barrett 2008; Jayne et al. 2010). ¢rall, a considerable amount of the food supply of farm households
comes in developing and emerging countries from their own food production.

In most countries, both rich and poor, the average farm size is quite small, with generally owner -
operated farms. The main reason is that agricultural production has few technical economics of scale,
implying that a range of production forms can coexist. In contrast, processing and distribution are

characterized by significant economics of scale from which results often high levels of concentration
(Deninger et al. 2011, p. 28).
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Following World War 1l, the number of farms has decreased and the average farm size increased in
industrialized countries, based on technological development. Mechanization increased the labour
productivity (Chapter 2.2). Tractors had essentially replaced animal power, and mechanical harvesting
of crops became routine by the late 1960s. Advances in plant breeding and inexpensive chemical
fertilizers and pesticides had enabled high growth rates in agricultural productivity (Dimitri et al. 2005).
Farm size increased parallel to rising wages in the non-agricultural sector, suggesting that the desire to
obtain an income comparable to non-agricultural income was a main driving force in farm size chan ge
(Deininger et al. 2011, p. 30).

At the upper end of the farm size scale, very large corporate farms s o cal | ed Odmeasgimaf ar ms 0
some land-abundant developing and transition countries, with up to 1 million hectare and operational

units that often exceed 10,000 ha. Vertical integration with processing, marketing, and export logistics is

common (Deininger, Byerlee 2012). Larges c al e production can be found in 0
oil, sugar cane) and can be the result of specific transformatons processes such as in Russia, Ukraine and
Kazakhstan.

Since the global food crisis 200708, foreign direct investments in land have increased dramatically. Of
the approximately 1,000 international land deals (many of which are implemented with national
partners) recorded as of May 2012, 466 targeted land in Sub-Saharan Africa and 376 land in Asia. The
majority of international land deals to date have occurred in those countries that experiencehigher levels
of hunger and where the population and nationa | incomes depend heavily on agriculture : 32 countries
where agriculture accounts for a higher share of GDP (more than 5 percent) and hungeris serious or
alarming (a GHI score of more than 10) received investments affecting about 41 million hectares,
accounting for 73% of the total investment. In 7 countries, land deals account for more than10% of total
agricultural area: Cambodia, Ethiopia, Indonesia, Lao PDR, Liberia, the Philippines, and Sierra Leone
(IFPRI et al. 2012, p. 29)Land acquisitions in Afric a in 2009 alone amounted to 39.7 million had greater
than the total agricultural land in Belgium, Demark, France, Germany, the Netherlands, and Switzerland
combi ned (Deiniger et al . 2011) . A countryds proba
investment is positively associated with weak land governance and failure to protect traditional land
rights (Deiniger, Byerlee 2012).

Farming in the European Union

The farm structure in the EU Member States varies remarkably. The Agricultural Survey 2010 (Farm
Structure Survey - FSS) accounts for close to 12 million farms in the EU27. These farms covered around
170 million hectares of utilised agricultural area (UAA), slightly over 40% of the EU -27 territory. The
number of farms decreased from 1980 (EU9) respectively from1990 (EU-12) to 2010 considerably? (see
Annex A). The holdings from only three Member States, Romania (32%), Italy (14%) and Poland (13%),
made up for nearly 60% of the total number of EU -27 holdings (Figure 5) (EUROSTAT 2012a, p. 27).

22 Number of agricultural holdings in EU Member States, 1966 -2010: Table Al in Annex A

25



STOA- Science and Technology Options Assessement

Figure 5.  Percentage of number of agricultural holdings by EU Member States (EU -27) in 2010

12%
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Source: EUROSTAT (2012a), p. 27

Of the total EU-27 holdings, 49% had less than 2 hectare®. These smaltscale farms represent only 2% of

the total UAA (EUROSTAT 2012a, p. 27), but the holdings with a total standard gross margin (SGM)

under 1 European Size Unit (1,200 a) account for 39%
farm work (AWU) in FSS 2007 (Box 2.2). In 7 Member StatefRomania, Latvia, Lithuania, Austria, Malta,

United Kingdom and Poland), the percentage of UAA covered by the small -scale farms is higher than
10% (EUROSTAT 2012b).

23 Distribution of utilized agricultural area by size of the farm: Figure A71 in Annex A
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Box 2
Subsistence and semisubsistence farming in the European Union

Semisubsistence fams ar e defined as oagricultural hol di pgs

consumption and also mar ket a proportion of thei
Rural Development by the European Agricultural Fund for Rural Development (EC No. 1698/2005).
Subsistence and semisubsistence farming in the EU has seen a massive expansion after the Eastert
enlargements.

There are 16 Member States in which farms allocating more than 50% of the output for household
consumption are of any importance & the twelve New Member States (NMS-12), Greece, Italy, Portugal
and Spain. 40% of these farmers are 65 years of age or older (theshare of older farmers is particularly
high in Greece, ltaly, Portugal, Spain and Bulgaria) (Davidova 2011). In the NMS-12, semi-subsistence
farms are not only the predominant farm structure but they use also a large share of factors and provide
regular labour for more than 9 million people (Table 6). Romania stands out from the rest of the
countries: semi-subsistence and subsisence farms represent almost one third of the SGM of Romanian
agriculture (FSS 2007, EUROSTAT 2012b).Location in less favoured areas (LFAS) is more typical for the
small holdings in the EU -15than in the NMS (Davidova 2011).

The problems of semi-subsistence farms are low cash incomes and incidence ofpoverty, sub-optimal use
of land and labour, a lack of capital and poor contribution to rural growth. Frequently, these semi-
subsistence farms are run by older farmers with low levels of general and agricultura | education,
possessing only practical skills in farming and generally being non -innovative. However, they play an
important welfare function in some rural areas in Europe; and they are important providers of
environmental benefits and contributors to cult ural landscape (Davidova 2011).

Table 6: Importance of semi -subsistence farming (with more than 50% of output self -consumed)
in the EU -27, 2007

_ Absolute figures (1,000) Share in total (%)

_ NMS -12 EU-15 EU-27 NMS -12 EU-15 EU-27

Number of holdings 5,300 5,910

UAA (ha) 10,322 1,196 11,528 21.6 0.9 7.6
Regular labour (AWU) 2,823 263 3,086 49.2 5.2 28.6
Regular labour (persons) 9,242 1,072 10,314 60.8 9.3 38.7
Total LSU 6,382 397 6,779 24.3 0.4 5.0
Total SGM 3,935 2,102 6,037 20.1 1.6 3.9

Legend: UAA 0 Utilised Agricultural Area, LSU & Livestock Units, SGM & Standard Gross Margin, NMS & New
Member States

Source: Based on Davidova (2011
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A UAA of at least 100 hectares had 325,000 holdings, 3% of the total ELR7 holdings24 This group of
largest holdings had 50% of share of the total EU-27 UAA (EUROSTAT 2012a, p. 27, see Annex A In
Bulgaria, the Czech Republic, Hungary, Estonia and Slovakia, the larger farms occupying 20% of the
UAA are all above 1000 ha. Thispattern occurs in several of the new Member States; here the structure of
the agricultural holdings is related to the particular ownership structure made up of large -scale
corporate farms inherited from former state -owned cooperatives. Within the old Memb er States (EU15),
Greece, with an average area of 64 ha for the larger farms, has the lowest average area while the United
Kingdom is the only country showing an average area over 2,000 ha for the group of larger farms. This
can be explained for the United Kingdom by the fact that larger farms specialize in grazing livestock
extensively. The larger farms do not have such a high average UAA per farm in the countries where they
represent a greater percentage. On the other hand, with the exception of Italy, Cyprus and Poland, in
countries where the number of larger farms is less than 1% of all farms, the average UAA per large farm
is over 500 ha (EUROSTAT 2018).

In 21 countries the smaller farms have a higher SGM/ha than the larger farms2s. In nine of those
countries (Bulgaria, Greece, Spain, lItaly, the Netherlands, Austria, Portugal, Romania and the United
Kingdom) the SGM/ha of the smaller farms is more than twice the SGM/ha of the larger farms. In the
Czech Republic, Estonia, Ireland, Latvia, Lithuania, Slov a ki a and Sweden, t he
slightly higher than the SGM/ha of the smaller farms (EUROSTAT 2013 e).

24 Distribution of utilized agricu Itural area (UAA) by UAA size of the farm: Figure A71 + A72 in Annex A
25 Stand gross margin of smaller and larger farms per farm and per hectare: Table A2 in Annex A
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3. CONSTRAINTIS IN CROP PRODUCTION

3.1. Yield gap and objectives of sustainable intensification

Yield gaps are estimated by the difference betwe en yi el d potenti al and averag
specified spatial and temporal scale of interest. The measurement of yield gaps rests on the definition

and measurement of yield potential which is an idealised state of crop development without any

biophysical limitations other than uncontrollable factors, such as solar radiation, air temperature, and

rainfall in rainfed systems. Therefore, to achieve yield potential requires optimal management of all

yield -restricting production factors (such as seed date, plant population, nutrients supply, protection

against pest, disease and weed competition). Yield potential and associated yield gaps can be assessed by

three main techniques: model simulations, field experiments and maximum farmer yields (Figure 6).

Each approach has its own strengths and weaknesses. Estimates of yield potential can often differ by

50% or more, with estimation especially difficult for rainfed conditions (Lobell et al. 2009).

Figure 6:  Conceptual framework fo rthree measures of yield potential and average farmer yields

I I I |

Modeled Experiment Maximum Average
Yield Yields Farmer Farmer
Potential* Yields Yields

"Or “water-limited yield potential” in the case of rainfed systems

Grain Yield

Note:  Different measures of the yield gap(YG) are indicated at the right side of the figure: YGM,model -based
yield gap (yield potential is simulated with a model); YGE,experiment -based yield gap (yield potential is
estimated with a fieldexperiment); and YGF, farmer -based yield gap (yield potential is estimated
withmaxi mum of farmersd yields).

Source: Lobell et al. (2009, p. 185

Yield gaps assessed around the world show a wide range, with average yields ranging from roughly
20% to 80% of yield potential. Many irrigated cropping systems have yields at or approaching 80% of
yield potential. Many rainfed cropping systems, in contrast, appear to have relatively large yield gaps.
Additionally, perf ormance of farmers within a small region shows often a remarkable heterogeneity,
with yields spanning at least a factor of two (Lobell et al. 2009).
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Based on climatic potential yields, developed countries show in many cases low yield gaps. This is
especialy true for maize, wheat, potato, rapeseed, rye and sunflower in Western Europe, as well as
maize and soybean in the United States. Higher yield gaps occur more often in Southern European
countries like Spain, Portugal and Italy. The low yield gaps of West ern Europe often come to an abrupt
halt at the border with Eastern Europe. The yield gaps for most crops, including maize, wheat, barley,
rapeseed and sunflower, are quite high in Eastern Europe (Licker et al. 2010).

Yield gaps to the climatic potential yi elds tend to be more variable in Asia. Clusters of low yield gaps
exist in and around the more populous provinces of China (e.g., for rice, wheat, millet, potato, rye) and
in some parts of the Indio-Gangetic Basin (e.g., for rice, wheat, rapeseed). Yield gps in Africa are on the
higher end of the spectrum for many crops, especially maize and wheat. Cassava and pulses have
generally low yield gaps throughout much of the continent (Licker et al. 2010).

Causes for yield gaps vary by crop and global region. For example, Eastern Europe and West Africa
stand out as hotspots of nutrient limitation for maize, whereas Eastern Europe seems to experience
nutrient limitation for wheat. Co -limitation of nutrients and water is observed across East Africa and
Western India for maize, the Mediterranean for wheat, and in Southeast Asia for rice (Mueller et al.
2012).

Another spatial differentiated analysis works with stochastic frontier production function which
represents the maximum attainable output for a given set of inp uts and calculates the efficiencies of
agricultural production. The calculated yield gaps and efficiencies of wheat, maize, and rice production
show that the actual grain yield in some regions is already approximating its maximum possible yields
while other regions show large yield gaps and therefore tentative larger potential for intensification
(Neumann et al. 2010) For example, potential maize yields for Europe show a gradient from the North -
East of Europe to the SouthWest. The results from the frontier yield analysis are confirmed by a recent
study on simulated water -limited potential maize yields for Europe (Reidsma et al. 2009, although the
gradient is stronger and the potential yields tend to be lower in this study.

Independent of the correct measurement of yield gaps, it is broadly recognised that many global regions
show large yield gaps. Therefore, it makes sense to explorethe potential for increasing production from
already cultivated land and existing cultivars, independent from progress in pl ant breeding. An unique
approach is not possible becausethe factors explaining inefficiencies in production widely vary by
region, and are related to complex social, economic, and political processes(Neumann et al. 2010).

3.2. Constrain ts in crop produc tion

An understanding of major constrain ts in the agricultural crop production is needed as a starting point
for the identification of options for sustainable intensification. Important constrain ts are (IAASTD 2009,
Royal Society 2009):

> Soil fertility

Water availability

Crop nutrition

Pests, diseases and weed competition

Demand for energy input

vV V V V

It has to be taken into account, that constraints on food crop production differ widely across regions.

3.2.1. Soll fertility

Soil is defined as the top layer of the ea r & brust and is composed of mineral particles, water, air and
organic matter, including living organisms. It is a complex, mutable, living resource which provides
many ecosystem services food and other biomass production, storage, filtration and transforma tion of
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substances including water, carbon and nitrogen (Louwagie et al. 2009, p. V) Soil is a nonrenewable (at
least over non-geological timescales) resource (Royal Society 2009, p. 13Key functions of processes in
soil ecosystems are primarily about regulating the three major bio -geochemical cycles onearth: nutrient,

carbon and water cycling (Dias, Coates 2012). Good soils are not evenly distributed around the world.

Depending on parent material, climate, relief, vegetation, and tim e that determine soil formation; soils
have inherent constraints that limit their productivity.

Soil quality reflects properties of a soil such as fertility (crop nutrients, soil organic ma tter content),
drainage and water holding capacity, ease of cultivation (physical str ucture, soil organic matter content),
freedom of contaminants, soil flora and fauna (Royal Society 2009, p.13). Soil quality integrates different
soil state variables and functions in order to assess the sustainability of land-use practices. Soil fertility
(oBodenf rucht b a rlanguage diterature) iGeartlynmsed as a term to describe the yield-
giving capacity (Patzel et al. 2000).The management of soil fertility is essential to enhancing and
sustaining agronomic and biomass productivity (Pretty et al. 2010).

Based onL i e b dminéral nutrition theory 6  a lrehkthroughs in the processes of fertilizer industry ,
the development of modern (industrialized) agriculture was stirred by  intensive mineral fertilization as a

substitute for organic practice s. Although understanding of soil organic matter (SOM) and soil biological

functioning was improving it had little impact on the rise of new mineral -based cropping patterns. SOM
is understood today as the non-living product of the decomposition of plant an d animal substances.
SOM tightly controls many soil properties and major biogeochemical cycles so that its status is often
taken as a strong indicator of fertility and land degradation (Manlay et al. 2007)

Soils can undergo a series of degradation processs: water erosion, wind erosion, decline of soil organic
matter, compaction, salinisation (and sodification), contamination, and declining soil biodiversity.
Processes of soil degradation are dependent from regional and local vulnerability of soils and oft en
caused by land use change and agricultural land use practices. This can have serious consequences for
crop productivity.

Estimates of the extent of land and soil degradation are varied (Stringer 2012). In the 1990sGLASOD
(the Global Assessment of Human-Induced Soil Degradation) provide d a global map of soil degradation
at a 1:10000000 scale (Oldeman et al. 1991), based largely on (somewhat subjective) expert opinions on
the type, extent, degree, rate and causes of degradation. GLASOD considered four main causes:
agriculture; deforestation; overgrazing; and industrial pollution; and assessed 3.5 billion ha of degraded
soil globally .

LADA (Land Degradation Assessment in Drylands) and GLADA (Global Assessment of Land
Degradation and Improvement) represent more recent assessment efforts. These follow on from
GLASOD across global, national and sub-national scales to identify the status and trends of land
degradation in drylands, degradation hotspots and bright spots (both actual and potential) and find that
24% of the global land area has been degrading over the past 25 years. This contrasts with the 15% of
degraded soil (not land) identified in GLASOD (Stringer 2012)

More recently, within the Millennium Ecosystem Assessment (M EA 2005), land and soil issues are

considered through an ecosystem approach, which focuses on the status and trends of the ecosystem

services that land and soil provide. The assessment concludes that >60% of ecosystem services have been

degraded. However, it provides limited informatio n on the specific status of soil. It nevertheless gives
particul ar consideration to desertification. Dryl anc
inhabited by more than 2 billion people (Middleton et al. 2011). The MA suggests with medium certainty

that 10-20% of drylands are already degraded, with a much larger area under threat from desertification

in the future.

Arecent relevant initiative is GlobalSoilMap.net, a consortium that aims to make a new digital soil map
of the world, predicting soil pr operties at fine resolution (Sanchez et al. 2009. Soil degradation (see
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Figure 3.2) is of paramount importance and all present and future crop production depend s upon the
maintenance and improvement of soil quality (Royal Society 2009, p. 13).

Figure 7:  Global soil degradation
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Main threats to soil fertility in Europe 26 are (Jones et al. 2012):

> Soil erosion by waterThis is one of the most widespread forms of soil degradation in Europe. 105
mil | i on ha (or 16% of Europeds total l and ar ea, exc
water erosion in the 1990s. The Mediterranean region is particularly prone to water erosion because it
is subject to long dry periods followed by heavy bursts of intense rainfall on steep slopes with fragile
soils. No harmonised measures of actual soil erosion rates exist for Europe. A recent new model of
soil erosion by water constructed by the JRC has estimated the surface area affected in the EL27 at
130 million ha. Almost 20% is subjected to soil loses in excess of 10 t/halyear (Jones et al. 2012,

p. 4,15).

> Soilerosionbywind Esti mates range from 10 to 42 million ha
is a serious problem in many parts of northern Germany, eastern Netherlands, eastern England and
the Iberian Peninsula (Jones et al. 2012, p.17).

> Compaction Soil compaction is a form of physical degradation under pressure and can be induced by
the use of heavy machinery in agriculture. Estimates of areas at risk vary. Some researchers classify

26 Maps on regional European soil erosion risk, organic carbon content of topsoil, susceptibility to soil compaction:
Figures B1-B3 in Annex B
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around 36% of European subsoils as having high or very high susceptibility to compaction. Other
sources estimate 33 million ha (or 4% of the European land surface) being affected in total (Jones et al.
2012, p. 418).

> Soil organic matterAround 45% of the mineral soils in Europe have low or very low organic carbon
content (0 0 2%) and 45% have a medium content (20 6%) (Rusco et al 2001). Low levels are
particularly evident in southern European countries, but ca n be found almost everywhere, including
some parts of Belgium, France, Germany and the United Kingdom. Except for the rapid removal of
soil organic content (SOC) by erosion and landslides, decreases in SOC levels as a result of
intensification of agricultu re, deforestation or conversion of grassland to arable land are slow
processes. Some recent studies suggest that SOC in European arable land is decreasing (Heikkinen et
al. 2013;Meersmans et al. 2011; Saby et al. 2008; Vleeshouwers, Verhagen 2002). SOCctire is of
particular concern in the Mediterranean region, where high temperatures and droughts can accelerate
its decomposition (Jones et al. 2012, p. 13).

> Desertification Prolonged droughts and more irregular precipitation, combined with unsustainable
use of water and agricultural practices, could lead to desertification. The situation is most serious in
southern Portugal, much of Spain, Sicily, south-eastern Greece and the areas bordering the Black Sea
in Bulgaria and Romania. In southern, central and eastern Europe, 8% of the area or 14 million ha
show very high or high sensitivity to desertification (Jones et al. 2012, p. 27-28)

3.2.2 Water availability

Water is essential for plant growth. Water stress can have major impacts on productivity andyield

depending on timing, severity, and duration (Steduto et al. 2009). Water constraittis on agriculture
increase from the Equator towards the Tropics, in accordance with the planetary circulation and the
associated precipitation events (Butz 2011).

Irrigated agriculture is the dominant user of water, accounting for about 80% of global water use from
rivers, | akes and groundwater, so called 6blue wate
agricultural |l and, but it p r o (Hanjrae Qureshd 2010). Inthe &Gt fied t h e
decades, irrigated land has doubled and strongly contributed to increasing agricultural production.

Water resources and irrigation are distributed with huge variations across and within countries. In Sub -

Saharan Africa, only 4% of the area in production is under irrigation, compared with 39% in South Asia

and 29% in East Asia (World Bank 2007, p. 9; UNESCO 2006, p. 22).

55% of the gross value of our food is produced under rainfed conditions on nearly 72% of the world & s
harvested cropland (Molden 2007, p. 15). Around the year 2000, green water contributed estimated 87%
of the total consumptive water use in croplands worldwide (Liu, Yang 2010). | mportant op portunities
are seen in upgrading rainfed agriculture through be tter water management practices. Better soil and
land management practices can increase water productivity, adding a component of irrigation water
through smaller scale interventions such as rainwater harvesting. Integrating livestock in a balanced way
to increase the productivity of livestock water is important in rainfed areas (Molden 2007, p. 15).

Water scarcity, defined in terms of access to water, is a critical constraint to agriculture in many areas of
the world (Figure 8). A fifth of Ig mmae thamo k.2 bdliénslivepreaceps of physical water

scarcity, | acking enough water for everyone-8carced e mand
basins, where human capacity or financial resources are likely to be insufficient to develop adequate
water resources. Behind todayds water scarcity 1lie f;

the coming years. A growing population is a major factor, but the main reasons for water problems lie
elsewhere: lack of commitment to water and poverty, insufficient and inadequately targeted investment,
insufficient human capacity, ineffective institutions and poor governance (Molden 2007 ; STOA 2009,
p. 56).
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Figure 8:  Areas of physical and economic water scarcity
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ecarcity in the near furhune.
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withdrawn for human purposes, but malnutrition exdets.

Bource: International Watar Managameant Institute analysis done for the Comprehanaive Assasament of Water Managemant
in Agricutture using the Watarsim model; chaptar 2.

Source: Molden (2007, p. 11

Poor water management can lead to land degradation in irrigated areas through salinisation and
waterlogging. Nearly 40% of irrigated land in dry areas of Asia is regarded to be affected by salinisation.
The consequences are declimg productivity and loss of agricultural land (World Bank 2007, p. 183 ;
STOA 2009, p. 55.

Continued increase in demand for water by non -agricultural uses, such as urban and industrial uses and
greater concerns for environmental quality have put irrigatio n water demand under greater scrutiny.
Continued increase in demand for irrigation water over many years has led to changed water flows, land

clearing and therefore deteriorated stream water quality (Hanjra, Qureshi 2010).

Growing demand for food must be m et against a backdrop of rising global temperatures, and changing
patterns of precipitation (Foresight 2011). Climate change may affect agriculture and food security by
altering the spatial and temporal distribution of rainfall, and the availability of wat er, land, capital,
biodiversity and terrestrial resources. The impacts of climate change on global food production are small
but geographically very unevenly distributed, with losses felt mostly in arid and sub -humid tropics in
Africa and South Asia and particularly in poor countries with low capacity for adaptation (Hanjra,

Qureshi 2010 For these reasons, increasing the productivit
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required. The need for improved crop, soil and water management practices, particul arly in light of
climate change, is growing (Pretty et al. 2010).

In Europe, many countries have experienced drought episodes of various significance (ranging from less
to more severe), duration (a few month to years) and extend (local to regional to national) in the past 40
years?’. From the decade 19711980 to 20012011, the number of countries affected by drought per decade
has increased from 15 to 28 and had also reached North and Eastern EU (Kossida et al. 2012, p. 18).
Recently, western and south-western Europe was affected by severe summer and spring droughts in
2011 and 2012 (EEA 2012, p. 38).

From the total number of groundwater bodies reported in the Water Framework Directive ( WFD) River
Basin Management Plans RBMPs), 6.37 % (782 out ofl2 268 clafed groundwater bodies) were
classified as being in poor quantitative status in 200928, These are distributed throughout several
countries, namely Spain, the United Kingdom, Belgium, the Czech Republic, Denmark, Italy and Malta.
Those countries all have groundwater quantitative problems, but these problems are mainly found in
specific River basin districts and not in the whole country. The exception to this is Cyprus, where
approximately 70 % of its groundwater bodies hold poor status (EEA 2012, p. 37).

The percentage of river basin area in the EU under water stress is estimated tobe around 10% year
around and 23% for the summer period. Southern European basins are more likely to experience water
scarcity during the summer months 29, This is the case for Span, Italy and Greece for which peak
agriculture and tourism water demands take place during the summer when the natural water resource
available is at its lowest (Strosser et al. 2012).

3.2.3 Crop nutrition

Nitrogen (nitrate or ammonium), phosphorus (pho sphate) and potassium are the major crop nutrient,
and are crucial determinants of crop yields. Agricultural productivity growth and higher yields are
dependent from inputs as fertilisers. Input requirements depend largely on the applied agricultural
produ ction systems.

There is widespread nitrogen and phosphate deficiency in crop production which means that the

potential yield of crop genotypes is not reached. This deficiency is particularly acute in the developing
world where nutrient inputs are completely inadequate because they are unaffordable or unavailable
(Royal Society 2009, p.16). Smallholders have removed large quantities of nutrients from their soils

without applying sufficient quantities of manure or fertiliser to replenish the soil. This has r esulted in a
very high average annual depletion rate: 22 kilograms of nitrogen, 2.5 kilograms of phosphorus and 15
kilograms of potassium per hectare of cultivated land over the last 30 years in 37 African countries & an
annual loss equivalent to $4 billion in inorganic fertiliser (InterAca demy Council 2004, p. 47).

But highly heterogeneous farming systems (especially in Sub-Sahara Africa), the diversity among agro-

ecological systems, and in soil nutrient management, restricts the scope ofglobal estimations of nutrient
balanceswhich depend on data sourcessuch as FAO production statistics and the world soil map. There

is evidence of farmersd achievements in terfaltyof sus
maintenance at local level, depending from macro-economic policies and demand-side factors (Giller et

al. 2011; Mortimore, Harris 2005).

In many soils, applied inorganic phosphate rapidly becomes inaccessible to plants due to its adsorption
to soil mineral particles and occlusion in association with iron or aluminium oxides. In situations where
available phosphate levels are low, mycorrhizal associations are critically important and phosphate
deficiency is the primary constraint on yield (Royal Society 2009, p16).

27 Map of European countries with observed drought periods: Figure B4 in Annex B
28 Map of groundwater bodies in poor quantitative status per European river basin district: Figure B5 in Annex B
29 Maps of water stress in European regions: Figure B6 and B7 in Annex B
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Chemical fertiliser use has expanded significantly in most developing countries, except Sub-Saharan
Africa. The developing countries® share of gl obal f e
more than 60% today. Asian farmers are the major users, with an annual average of 143 kg per hectare in

200002 (in comparison: 6 kg per hectare in 196163), more than in developed countries. Higher fertiliser

use accounted for at least 20% of the growth in the developing-country agriculture (excluding dryland

agriculture) over t he past three decades (World Bank 2007, p. 51High-input farming has produced

serious environmental problems. Fertiliser nutrient runoff from agriculture has become a major problem

in the intensive systems of Asia, causing algal bloom and destroying wetlands and wildlife habitats

(World Bank 2007, p. 188).

Possibilities to recycle phosphorus (P) arelimited, an d loss to water and adsorption in soil mean that the
supply of phosphorus in agricultural systems needs to be continuously replenished. Mined rock
phosphate represents the only substantial supply. Three countries control more than 85% of the known
global phosphorus reserves, with Morocco having the largest share. The primary rock phosphate
reservesare a finite resource. But estimations on future availability vary significantly:

> The reservesare likely to be exhausted before the end of the 21st century if trends continue (Royal
Society 2009, p.16).

> The usable reserves will be reduced by 25% in 2100, based on current demand (Malingreau et al. 2012,
p. 25).

Potassium (K) supply extracted from potash is practically not limited. However, reserves are
concentrated in certain geographic areas (2/3 of world production in Canada, Russia and Belarus) and a
small group of companies (80% of production in eight co mpanies) (Malingreau et al. 2012, p. 17).

Nitrogen (N) is ubiquitous in the atmosphere. Its transformation into ammonia via the Haber -Bosch
process is highly energy demanding and currently uses hydrogen from natural gas. Therewith,
industrial N fertilizer production is dependent from energy prices and the increasing volatile energy
market, and changing natural gas availability. It is regarded as highly desirable to find alternative
sources of hydrogen, such as electrolysis powered by electricity generated fom renewable resources
(Malingreau et al. 2012, p. 5;Royal Society 2009, p15).

Developments related to reserves (P and K), access (P), changing geopolitical conditions (P and K),
economic development and energy costs (mainly N) and environmental constr aints (N and P) could lead
to temporary shortfalls and high prices in some regions of the world (Malingreau et al. 2012, p. 13).

In different crops and cropping systems as well as different regions, yield and quality can be constrained
by the availability in soil of nutrients that are required by crops in small concentrations. Deficiencies of
sulphur (S), calcium (Ca) and magnesium (Mg) which are classed as seondary nutrients cause
signifi cant yield reductions in some crops and regions (Royal Society 2009p. 16).

In the European Union, total nitrogen fertilizer applications are high in the Netherlands, the Flanders
region of Belgium, the Northwest of Germany, Denmark, the Po valley in Italy, the west coast of France,
Ireland and England 30. This is the result of high mineral N application rates in areas with high level of
horticulture, permanent crops and intensive crop production. High manure N applications are
associated with regions of concentrated livestock farming. In Central and East European countries, the
total N input decreased significantly during the economic transition. In the EU -15 countries, mineral N
fertilizer consumption decreased between 1990 and 2009 around 25% (EUROSTAT 2013a).

Mineral fertilizer consumption is the main input in EU -27 in 200508 with an average of 44% in total
nitrogen inputs, followed by the gross manure input with 38%. The Netherlands, Belgium, Denmark,

Cyprus, Malta and Ireland have the highest livestock densities and also have the highest rates of manure
input per ha (100 kg N per ha). Romania, Bulgaria, Lithuania, Slovakia, Estonia and Latvia have the

30 Maps of mineral, manure and total N fertilizer application: Figure B8 -B10 in Annex B
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lowest livestock densities and also belong to the countries with the lowest rates of manure input per ha
(40kg N per ha). Some countries (the Netherlands, Belgium) with t he highest use of manure per ha also
have a high use of mineral fertilizers (100 kg N per ha), while some East European countries and Spain
with the lowest rate of manure per ha (40 kg N per ha) also belong to the countries with relative low use
(50 kg N per ha) of mineral fertilizers per ha. The different use of N fertilizers is also reflected in nitrogen
balances?, with higher gross nitrogen surplus in the EU -15 than in the new Member States and most
Mediterranean countries (EUROSTAT 2013b).

The mineral P fertilizer application rates are high in the north of the Paris Basin (France) and the Po
valley (Italy). Manure P applications and total P fertilizer applications are high in the Netherlands,
Northwest of Germany, Denmark, the Po valley, west coast of France, Southern Ireland, England, North
and East coast of Spaif2 (EUROSTAT 2013a). Figure9 shows the regional level of inputs expenditures
(for fertilizers, pesticides, other crop protections and purchased feed) per hectare for the period 2005-07.
Especially many regions in Central and East European countries show low intensity levels. The input
intensity correspondents with the regional distribution of land productivity, measured in agricultural
output per hectare (Chapter 2.2).

3.2.4 Pests, diseases and weed competition

Competition from weeds, animal pests, pathogens and viruses has the potential to significantly reduce
crop yields. Therewith, crop protection plays a key role in safeguarding crop productivity. Absolute
losses and loss rates vary among crop due to differences in their reaction to competition of weeds and
the susceptibility to attack to other pest groups. The overall loss potential is especially high in crops
grown under high productivity conditions as well as in the tropics and sub-tropics where climatic
conditions favour the damaging function of pests (Oerke, Dehne 2004).

Losses due to weeds, pests and diseases were estimated at 280% for sugar beet, barley, soybean, wheat
and cotton, and 3540% for maize, potatoes and rice (for the period 19961998). The assessment of loss
potential of pests & losses without mechanical, biological and/or chemical crop protection measures &
worldwide varied from less than 50% (barley) to more than 80% (sugar beet and cotton) (Oerke, Dehne
2004).

Animal p ests can cause significant losses in food production. Locusts, larvae of Lepidoptera, and other
herbivorous chewing insects can cause very substantial crop losses as can roeattacking nematodes and

sucking insects such as aphids and leafhoppers; the latter are also important vectors of diseases caused
by viruses and phytoplasma. Chemical and non-chemical approaches are available to reduce these
losses.

31 Nitrogen surplus in EU Member States: Figure B11 in Annex B
32 Maps of mineral, manure and total P fertilize r application: Figure B12-B14 in Annex B
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Figure 9:  Average yearly inputs expenditures (EUR/ha), EU -27, average 200507
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Estimated 10-15% of the global harvest is lost to plant diseasescaused by fungal and bacterial pathogens
(Oerke 2006;Strange, Scott200%h Plant diseases are a major impediment to the production and quality of

important food stuffs . In addition to reducing yield, they are of particular concern because of their direct

impacts on human and animal health due to mycotoxins and pesticide residues (Chakraborty, Newton

2011).

Among biotic constraints on crop pro duction, weeds have the highest loss potential of 32% (Oerke /
Dehne 2004).Losses due to weed competition represent a signifi cant waste of resources (water and
nutrients) that would otherwise be available to the crop. Weeds essentially represent unwanted
production of a biomass that can also impede efficient harvesting. There is an increasing problem of
resistance to herbicides and the establishment of populations of some weed species which are no longer
readily controlled (Royal Society 2009, p. 17).

One of the major challenges to @real production in Sub-Saharan Africa is the widespread occurrence of
parasitic weeds. Probably the most important is Striga, which infests an estimated 20540 million ha of
farmland cultivated by poor farmers throughout this region. The tiny seeds are car ried in run -off eroded
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soil and contaminate traded seed to infest an everincreasing area. Every year Striga damage to crops
accounts for an estimated US$7 billion in yield loss (about 4 million tons) in Sub-Saharan Africa (Royal
Society 2009, p. 17).

In the EU, fungicides and herbicides are the most sold pesticides (in 2005), measured in quantity of
active ingredient (data on sales cover agricultural and non-agricultural uses). In Germany, France, the
Netherlands and Austria fungicides made up more than on e third of the sales of pesticides, in Portugal,
Slovenia and Italy this share was even greater than 60%. In Belgium, Ireland, Latvia, Poland and Finland
herbicides made up more than half of the sales of pesticides, in Estonia and Sweden this share was eve
more than 80% (Figure 10).

Figure 10: Share of different types of pesticides in total sales of pesticides, 2005
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3.2.5 Demand for energy input

Modern agriculture is heavily dependent on fossil energy resources. Both direct energy use for crop
management and indirect energy use for fertilizers, pesticides and machinery production are of
relevance (Woods et al. 2010). For intensive crop production, indirect energy consumption typically
exceeds direct, onfarm energy consumption (Figure 11). Of particular relevance are nitrogen fertilizers:
Although the energy efficiency of nitrogen fertilizer production has improved over time, this remains the
most energy-demanding aspect of modern intensive agriculture ( Pelletier et al. 2011).
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Figure 11 Production -weighted average distribution of energy inputs to the cultivation of bread
and feed wheat, potatoes, barley, and oilseed rape in the United Kingdom for 2005
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The energy ratio d metabolisable energy in the food divided by the total amount of primary energy input
in the farming process & has declined with mechanisation and intensification of the agricultural
production, firstin developed countries, but with the Green Revolution also in the small -scale farming of
developing countries, e.g. in the India grain production from 89 in the mid 1950 years to 5.7 at the end of
1970 years (Sinha 1986). If energy prices continued rise, high external input agriculture and the global
food sector will face increased risks and lower profits, and the options of the past for increasing food
productivity may become severely limited. Additionally, commodity and food prices now tend to be
linked with global energy prices (FAO 2011b).

Production in many developing countries is constrained by energy inputs. Animals or human labour are
often used for soil cultivation (Royal Society 2009, p. 17). In most of the developing countries, the land
holdings are small, so that it would be difficult to adopt the western model of agriculture which is
almost completely mechanical and commercial energy intensive. Analysis in India and Philippines show
that modern inputs such as high yielding seeds, fertili zer, pesticides, irrigation, etc. can be combined
with animal power and human labour (Sinha 1986). In light of the volatility of energy prices and
uncertainties with respect to long -term fossil energy availabilities, the energy intensity of food systems
has important implications for food security (Pelletier et al. 2011).
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4. SUSTAINABLE INTENSTATION  AND IMPROVING CROP
MANAGEMENT: REDUCINGTHE YIELD GAP

Three objectives of improved crop production under changing environmental conditions (e.g. climate
change) are important:

> Higher production by better exploring the (genetic) yield potential

> Better input use by higher production efficiency

> Increasing the site specific yield potential by improved land productivity

Sustainable intensification means producing more food from the same area of land while reducing the
environmental impacts (Godfray et al. 2010), under social and economic beneficial conditions.

In this chapter, farming management concepts, practices and technologies for sustainable intensification
are discussed in two steps: First overall crop production systems are analysed (Chapter 4.1). In a second
step, specific technologies and practices are evaluated Chapter 4.2).

4.1. Production systems

Relevant crop production system approaches for sustainable intensification worldwide and in the EU
are:

Precision agriculture

Conservation agriculture

System of rice intensification

Organic farming

Agroforestry

Integrated crop livestock production systems

vV V. V V V V

These production systems are not mutually exclusive; numerous combinations (e.g., precision
agriculture and conservation agriculture, conservation agriculture and agroforestry) are discussed
and/or practised. The following chapters give an overview on background, objectives, key principles
and state of introduction in farming practice for each production system.

4.1.1. Precision agriculture

Precision agriculture (PA) in a broad sense is information-based management of agricultural production

systems or digital agriculture. The broad view of PA comprises in arabl e farming management a set of
techniques that use information from mainly new sources that could be combined with existing data and

t hat use agronomic rules to manage the <crops. The
consistent use of information to derive decisions and to conduct actions in a more controlled way than
possible even with the Obest management practiceso.

Precision agriculture in a more narrow sense is the spatially variable management of crop production
which is in the centre of this chapter3 (Table 7). This approach emerged in the mid-1980s as a way to
apply the right treatment in the right place at the right time (Gebbers, Adamchuk 2010). The upcoming
possibilities of satellite based positioning systems were an important catalyst. Precision agriculture is
rarely explicitly defined, but mostly described by explaining how it works or which technical tools are
used. Key objectives are to increase the input use efficiency, to elevate productivity and to reduce
environmental impacts of ¢ rop production.

33 Precision agriculture developments in grassland management, livestock farming and horticulture / speciality
crop production are not discussed in this study due to the focus on crop production.
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Table 7:  Precision agriculture 0 overview

> Awareness of variation in soil and crop
> Side-specific application of production inputs
Key principles > Application of advanced sensor systems, remote sensing,
navigation systems, variable rate technologies and decision
support systems

> Spatially and quantitatively more accurately applied crop
management measures according to local conditions
> Increasing the efficiency of resource usage
Main objectives > Producing higher yields per land area unit
> Reducing the environmental impacts of agricultural input
management
> Improving crop and farm management

Offline procedures & mapping approach
Online procedures & sensor approach
GNSSbased agricultural machinery guidance
Integrated process control and management

Modifications in crop production

V V V V

Reduction of input use

Better information -based crop management

Potential for higher economic efficiency of crop production
New possibilities for product tr acking and traceability

Strengths

V V V V

> Applications commercially available can face compatibility
problems
Weaknesses > Proper decision-support systems are lagging behind
> Handling of diverse data / information
> Until today linked to high -tech agriculture

Area of implement ation > Data not available

Relevant crops > All main crops

Source: Own compilation

PA is an innovative information controlled management concept of crop production, based upon on
various new or advanced technologies. These include in particular satellite -supported positioning
systems, sensor technologies for data collection and geeinformation systems. Using PA the existing,
locally varying soil conditions and properties of crops can be recorded within an arable area. Based upon
this information, analysed with special assessment systems, and with suitable agricultural equipment,
plant cultivation measures can spatially and quantitatively be more accurately applied than previously.
Depending upon the temporal relationship between the collection of data, deci sion-making and
management measures, PA procedures differentiate between offline procedures (mapping approach),
online procedures (sensor approach) and the combination of offline and online procedures (sensor
approach with mapping overlay) (Rdsch et al. 2005).

Sensor systemgor online-systemy relate agronomic activities on the field to information derived by
different sensors which collect data in the fields (canopies, soils). They are used when dealing with
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rapidly -varying production factors (e.g. the nitrogen requirements of crop plants) and a real-time
execution of work is required. The relevant characteristics (e.g. the nitrogen supply of crops) are
recorded indirectly on the field on the basis of the optical, mechanical or biochemical properties of th e
crop. Such sensor based systems are used for herbicide application, Nfertilization, growth regulators
and fungicides. Most of these systems are mainly single-purpose units, except the optical sensors. They
can be used with any cropping measure that relies on the conditions (e.g. biomass amount, leaf area
index etc.) of the canopy. The predominant cropping activity based on sensors is N-fertilization. Such
sensors are also growingly used for the application of growth regulators or fungicides, deriving
estimates from canopy biomass. Sensors are specifically developed to detect weeds (green colour vs. soll
colour) to apply non selective herbicides. Weaknesses of the orine procedures are the insufficient
consideration to date of influences which are independent of measures taken (e.g. soil moisture levels)
(Rosch et al. 2005). For the variable nitrogen fertilization, the dominating model in Europe is the YARA -
N (Yara GmbH) sensor. In the rest of the world comparable sensors are being used (e.g., Green Seeker
Crop Circle, Crop Spec, OptXR).

Map based system(®r offline systemshave no direct temporal relationship between collection of data,
issuing the machine order and execution of the management measure. In the 90ies of last century, the
primary focus in developing PA techniqgues was to identify, map and analyse spatially varying
characteristics and situations of site (soil, relief, micro-climate, etc.) and crop canopy. This led to a
manifold of different solutions mainly based on the maps that could be pro duced from geo-coded data
collected with this concept. Embracing soil quality information (e.g. from public soil quality assessments
or cheap electrical conductivity scanning), data from analyses of soil samples, data from the crop canopy
(plant variables measured on selected spots or using optical sensors to mapping the canopy of larger
areas or whole fields) or weeds and pests/diseases, data from the performance of equipment (e.g. fuel
consumption of the tractor) not ending with mapping of yields within t he fields. In the US corn and
soybean production, yield -mapping is the most applied PA -application with 40 -45% in 2005/2006
(Schimmelpfennig, Ebel 2011).

All these data and the resulting maps (e.g. after geo-statistically correct interpolation from few poi nts to
large maps) should be used in decision making for different agronomic inputs (such as fertilizer, lime,
seeds, water, pesticides) or activities (tillage intensity, sowing depth etc.) in crop production. These
digital maps can be stored, analysed andmanaged as different 6l ayersod6 of
all fields of a farm. Intention is to transform these information layers into application maps based on
agronomic principles and rules for the crop spatially variable management. Limitations arise partially
due to the work involved (e.g. when determining the incidence of weeds manually) or the costs incurred
(e.g. for soil sampling and analysis). The decisive weaknesses of the offine procedure lie with the extent
of administration and analysi s required for large amounts of data (Rdsch et al. 2005). Not many solutions
are available for practical farming which consequently follow this paradigm. Growingly, consultants in
Denmark, Germany, United Kingdom, USA and Canada are offering such map based solutions. The
necessary tools with very user-friendly software systems are available and provided by specialized
software companies (Delgado et al. 2013).

Hybrid systems(sensor approach with mapping ovejlagtend to take into account that a single variable

(e.g., canopy colour) can be used to eéscribe certain crop situations, but is in most cases not sufficient to
understand the complexity of the canopy development. For example, an actual nutrient deficit cannot be

solved with additional nutrient suppl y through fertilizers, if the soil will probably dry out due to

insufficient water supply. Based on this background, research, equipment providers as well as
consultants in PA are increasingly looking for options to merge several data from different sensor s
(6sensor fusiond) or Ilinking sensor data with existi
completely lacking yet.

Important technology components precision agriculture are positioning systems, yield mapping, remote
sensing, soil and crop sensing, variable rate technology for field machinery, and information
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transmission among different mobile and static electronic equipment (Mondal, Tewari 2007). In the last
five years, many manufacturers of farming equipment implemented technological to ols from precision
agriculture in their product s, and increasingly
b a s eMbdern farming equipment uses the international standardised protocols of ISOBUS (e.g., Lenz
et al. 2007) for the internal control, Global Navigation Satellite Systems (GNSS) information to improve

driverds performance, sensors to track the state

manufacturer through telemetry. These developments are without the direct intention t o use the
techniques as typical PA applications such as variable rate applications in crop production.

Overall, fields of application for information controlled crop production using PA can be found in all the
main work stages of the agricultural productio n process such as nutrient application, manure placement,
weed control, disease management and water management (De Baerdemaeker 2012)Numerous
examples exist of the successful application of PA to various cropping systems around the world
(Bramley 2009). Adoption of precision agriculture techniqgues has mainly taken place in highly
productive areas of Europe (Denmark, France, Germany, United Kingdom), the USA with a high
proportion in contracted fertilization, including soil sampling, and Australia where r  esource protection
is of high relevance (e.g., Controlled Traffic Farming (CTF) for soil water conservation).

Adaptation rates vary on the country, the crop and the technology implied. High adaptation rates can be
found for yield monitors in the USA which are used on 4645% of the corn and soybean fields. Variable
rate technologies are used nationwide to 12% (corn) and 8% (soybeans), mainly in fertilization
(Schimmelpfennig, Ebel 2011).CTF in Australia is estimated to be conducted by probably more than 40%
of the farmers (Robertson 2008).

However, the rate of adoption by growers of many crops remains low (Bramley 2009) and precision
agriculture has not been adopted as rapidly as envisioned in the past. Causes for the slow adoption in
recent years are:

> Compatibility problemsin hard - and software of PA-systems led to high frustrations and rejection of a
not mature technology. These problems are diminishing due to international standardization
(ISOBUS, Lenz et al. 2007) and improvements in data exchange standrds (e.g. agriXchange, Charvat
et al. 2010).

> The development of precision agriculture is characterised by technology pushin many cases, new PA
technologies have been produced through developer push rather than user pull (Lamb et al. 2008).
Insufficient involvement of end users in the design, development and dissemination of the PA -
technology was the consequence (Kutter et al. 2009, Schwerdtner et al. 2010). This deficit is gradually
overcome by implementing approaches of stakeholder innovation systems th rough researchers and
manufacturers (e.g., Konig et al. 2012), extension service or companies promoting PA and interacting
with their customers (e.g., Yohn et al. 2009) as well as by collaborative regional organizations run by
farmers (e.g., Seelan et al2003; Schwerdtner et al. 2010).

> A further weakness is for off -line procedures the extent of administration and analysiequired for large
amounts of data, with the interpretation of the data and making of decisions using rules or suitable
models, as well as with the drawing up of application maps which are sufficiently accurate while
remaining inexpensive to produce. In the same way for sensor systems, insufficient accuracy or lack
of plant cultivation rules for the interpretation of the sensor data collec ted and for the derivation of
solid decision-making algorithms for the (semi)automatic transformation of sensor data into
management measures can be problem (e.g., McBratney et al. 2005; Rdsch et al. 2005).

> For some PAtechniques a simple transfer to otheregionsis not possible. Especially the variable rate
application technologies need regional, sometimes site specific adaptation. The local responses to the
varying resource have to be known or to be determined (e.g. for nitrogen -/biomass -sensors).
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High -tech solutions are not feasible for smallscale farmers in developing countries. But chances are seen

for O0softd PA concepts which depend mainly on visual
decision based on experience and intuition, supported by knowledge from extension services and

through training, rather than on statistical and scientifi ¢ analysis (Mondal, Basu 2009).

With the broad spread of cell phones, new possibilities open for easy to handle applications of more
precision crop management also in developing countries. For example, so called sitespecific nutrient
management (SSNM) is a simple form of precision farming that matches nitrogen application to local
field conditions and balances them with inputs of phosphorus and potassium, which ¢ an increase yields,
nutrient use efficiency and profits. Nutrient recommendations can be received by answering roughly a
dozen questions by smart phone or regular cell phone. The system is now operating across the
Philippines and should be running soon in Indonesia, Bangladesh, and parts of India and China (Fisher
2012). With such approaches, changes are seen to make a major contribution to reduce fertilizer inputs
and increase yields in the intensive farming systems of developing and transition countries.

Impacts of precision agriculture

Assessment of yield impacts of single precision agriculture technologies are reported on base of field
experiments, experimental and practical farms, and survey data. For the USA, higher yields are reported
for adapters of yield monitors, global positioning system mapping and variable -rate technology
fertilizing in corn and soybean, based on data from the Agricultural Resource Management Survey
(Schimmelpfennig, Ebel 2011). Problem of survey data is that it cannot be distinguished between
technology impacts, and learning effects and overall better management capacities of adopting farmers.
Practical experience from Australian grain farms show that the use of variable rate technology saved
fertilizer or increased yields, depending on the local farming situation (Mayfield et al. 2008, p. 43).

Site-specific lime management is seen as one of the most feasible strategies for variable rate applications
(see chapter 4.2.2). Orthe-go soil sensors are available, but difficult to imple ment. They can provide
accurate pH information at a rather low cost. So far, few results concerning yield increases or lime saving
due to variable rate liming have been published (Jensen et al. 2012).

Main impact of site -specific weed control is the reduction of herbicide use. For example, experiments at a
German research station with maize, wheat, barley and sugar beet over 4 years had the result that on
average 54% of the herbicides could be saved. Savings were strongly dependent on crop, weed type and
year (Timmermann et al. 2003). Today, sitespecific weed management seems only appropriate in case of
a great variability in soil quality, nutrient composition and weed coverage, and if expensive equipment

is exploited intensively (Takacs-Gyoérgy 2008).

Controlled Traffic Farming (CTF) 34 allows natural processes to repair damaged soil and prevent further
soil degradation A full restoration to natural conditions may be possible after years of practicing CTF.
Farmers in Australia have experienced 10-23% increasesn yield resulting from the combination of zero
tillage (Chapter 4.1.2.) with CTF (Tullberg et al. 2007). Additional impacts are reduced fuel consumption,
lower labour costs and seed savings (Jensen et al. 2012).

Spatially variable rate applications of in puts were found to be economically for nitrogen fertilizer (e.g.,
Meyer-Aurich et al. 2010; Murray, Yule 2007), herbicides (e.g., Timmermann et al. 2003), irrigation
(Hedley et al. 2009) and controlled traffic farming (e.g., Tullberg et al. 2007). A review of 210 profitability
studies had the result that 68% reported benefits from some sort of PA technology (Griffin, Lowenberg -
DeBoer 2005). Profitability of PA approaches is influenced by the costs for investment, learning and
management on the one hand and by the gains from achievable input savings and higher yields on the
other hand, moderated by the development of market prices (Rdsch et al. 2005, p. 89 ff.). Payback period

34 In controlled traffic all equipment wheels are restricted to compacted permanent traffic lanes, so that soil in the
crop beds and traffic lanes can be managed respectively for optimum cropping.
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and minimum application area are dependent from the constellation of costs and gains. Precision
agriculture technologies are not scale-neutral.

Precision agriculture in the EU

Rates of precision agriculture adoption in Europe are not accessed recently, but older surveys (Reichardt,
Jiurgens 2009; Fountaset al. 2005) found adaptation rates in some European countries between 3% and
8%. In Germany, most of the users are predominantly located in eastern Germany where farm and field
size is considerably larger than the average(Reichardt, Jirgens 2009. Exact figures on the current use of
diff erent precision farming technologies do not exist.

Reliable data on the use of precision agriculture would need representative surveys which include all
types of farms. Due to the open understanding of PA, surveys should specifically cover the different
approaches and technologies of precision agriculture so that their relevance and development can be
assessedSome studies have been done on awareness, additutes and constraints. But more assessment is
desirable about performance and profitability of PA appr oaches. Better hnformation about benefits can
contribute to the spread of precision agriculture.

Constrain ts for the introduction of precision agriculture

The most important barriers for the introduction of precision agriculture in Eurape:

> Awareness amh knowledge Information about technological possibilities and profitable
applications are not always sufficiently available, especially in the form of on -farm evidence. The
perception is dependent from the educational background of farmers.

> Variability of cultivation conditions A certain variation of soil conditions and crop development is
a precondition for profitable applications of precision agriculture. These are not always given.

> Farm structure Precision agriculture is not scale-neutral, i.e. PA techniques demand a minimum
application area to be economically valid. Until today, PA is linked to high -tech, intensive crop
production, and lesssuitable for smaller-scale farming.

> Capability and training Precision agriculture approaches are integrative and interdisciplinary. The
different interactions of growth factors in the yield development become even more important in
agronomic understanding with PA. Vocational and technical schools are lacking behind to
address PA issues.

> Technically mature productsSome PA approaches are still in the state of research and
development. For example, hyper-spectral sensor applications for pre-harvest quality
assessments or deficits in micronutrients are under development, but not commercially
available yet.

> Proper dedionsupport systemsMore data and knowledge about their spatial distribution is
insufficient without agronomic understanding how to interpret these data and how to convert
such information into cultivation measures. The development of decision-support systems are
lagging behind are not yet well integrated .

> Demand for management time and skilldlanagement time is a scarce resource in modern
agriculture. Handling of divers data and information and their conversion in management
decisions is still time consuming and difficult. PA technology can reach beyond innovators to the
majority of farmers, if it becomes easier to use and less time consumingnore accessible

Key hindrances cited to the adoption of precision farming practices in speciality crop production are
(Upadhyaya et al. 2010):

> Lack of commercial yield monitors for many horticulture crops;

> Lack of reliable and inexpensive sensors;
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> Cost and complexity of the technology;
> Virtual non -existence of scientifically and economically sound decision support sy stems.

4.1.2. Conservation agriculture

Conservation agriculture (CA) (Table 8; extensive description and discussion in Friedrich et al. 2009) is

characterised by three principlegsee FAO 2008, p. 120; Hobbs et al. 2008):

> Continuous minimal or no mechanical sodisturbance(e.g., nontillage in combination with direct
seeding or direct planting);

> Permanent organienatter soil covefe.g., crop residues, cover crops);

> Diversified crop rotationgor plant associations in the case of perennial crops).

Conservation agriculture aims to prevent soil degradation and to preserve and/or enhance soil fertility

by strengthening natural biological processes above and below the ground. The objectiveso be achieved

with CA are in detail (STOA 2009, p. 81):

> to provide and maint ain an optimum environment in the root -zone of crops;

> to ensure that water enters the soil so that plants suffer less or no water stress and surface runoff is
reduced;

> to favour beneficial biological activity in the soil to maintain and rebuild soil archit ecture, to compete
soil pathogens, to enhance soil organic matter, and to contribute to capture, retention and slow
release of plant nutrients;

> to avoid physical and chemical damage to roots that disrupts their effective functioning or limits their
nutrien t uptake.
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Table 8: Conservation agriculture 06 overview

Minimal or no mechanical soil disturbance
Direct seeding or planting

Permanent organic-matter soil cover
Diversified crop rotation

Key principles

V V V V

Preservation / Enhancement of soil fertility
Prevention of soil degradation

Better water infiltration and preservation in soils
Stabilisation / enhancement of yield

Main objectives

V V V V

New equipment for direct seeding /plan ting
Modification of weed management practice

Management of crop residues, cover crops and mulching
Change of long established thinking (ploughing)

Modifications in crop production

V V V V

Higher stable yields

Enhancement of land productivity potential

Reduction of soil degradation pro blems

Possibility of second planting (dependent from local conditions)
Reduction of fuel-energy input

Reduced greenhouse gas emissions

Strengths

V V V V V V

\

Need for local adaptation
> Investment in seeding / planting technique
Weaknesses > Possible competition for crop residues
(particularly in arid / semi -arid regions)
> Weed control with synthetic pesticides

> Worldwide: approx. 125 million ha (2011),
9% of arable land

> EU-27:1.350 3.5 million ha (2010),
1.30 3.4% of arable land

Area of implementation

Cereals (maze, wheat)

Oil crops (soybeans, rapeseed, sunflower)
Roots and tubers (cassava, potato)
Perennial crops

Relevant crops

V V V V

Source: Based on Friedrich et al.(2012; Kassam et al.(2009; Meyer (2010; STOA (20M)

CA addresses key problems in tropical and subtropical areas: the danger of erosion due to rainfall is
high, soils are usually poor and eroded, and temperatures are high, with the result that decomposition is

rapid (Meyer 2010). In dry climates, CA improves soil porosity from which results two effects: a greater

proportion of the incident rainfall enters into soil, and the better distribution of pore -spaces of optimum
size brings a greater proportion of the received water at plant -available tension. Improved soil organic
matter and therewith soil fertility under CA  cause better nutrient supply and water retention (Kassam et
al. 2012). The benefits of CA are also relevant in temperate regions.

48























































































































































































































































































































































































