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Executive summary

The overall working hypothesis of this study is that plant breeding in the European Union (EU) con-
tributes to various socio-economic and environmental benefits. Accordingly, this research aims at
analysing if and to what extent plant breeding in the EU contributes to increased yields and pro-
duction in arable farming and subsequently to improved market and trade conditions, increased
world food supply, higher economic prosperity and increased social welfare, additional farm income
and more jobs, lower land use, reduced greenhouse gas (GHG) emissions, preserved biodiversity, and
the saving of water resources.

The picture drawn is based on sophisticated modelling and calculation tools of agricultural and
environmental economics, as well as on a comprehensive assessment of plant breeding contribu-
tions to yield and overall productivity growth in EU arable farming. To analyse the afore-mentioned
impacts and to provide more insights into the various benefits of plant breeding in the EU, a three-
fold approach is used. First, an ex-post evaluation is carried out. The assessment looks back and
aims at a discussion of the various impacts of plant breeding in the EU for the past two decades.
Second, an ex-ante assessment is made. The evaluation looks forward and seeks to analyse similar
effects of future plant breeding in the EU in the next decade on the one hand and in the next two
decades on the other hand considering an implementation of the EU's "Farm to Fork” and “Biodi-
versity" strategies. Third, the two analyses are accentuated and substantiated by case studies dis-
cussing specific potential values of plant breeding with new plant breeding technologies (NPBT).

The first two parts of the study are conducted for the EU in total, still including the United Kingdom
(UK), and five selected EU member states: Germany, France, Italy, Spain, and the UK. Moreover, the
focus is on arable farming, and major target (groups of) crops of the analysis are wheat, corn, other
cereals, oilseed rape (OSR), sunflower seeds, other oilseeds, sugar beets, potatoes, and pulses as well
as green maize. In the following, the results are presented for the EU in total and all arable crops
on aggregate. For further details per crop and individual EU member states, see the main text.

Accordingly, it turns out that plant breeding-induced innovations count a lot: On average and across
all major arable crops cultivated in the EU, plant breeding contributes approximately 67 percent to
innovation-induced yield growth. This is equal to an increase of yields by 1.16 percent per annum
and, thus, slightly higher than the statistically observable yield development since the turn of the
millennium. Based on this plant breeding-induced yield growth, plant breeding progress towards
major arable crops in the EU in the past two decades has resulted in benefits which can be charac-
terised, quantified, and summarised with the following ten key statements:

1 With plant breeding for major arable crops in the EU in the past two decades not only yields
per hectare have increased, but also arable production. On average and across all major arable
crops harvested in EU member states, production would have been more than 20 percent
lower in 2020 without genetic crop improvements since the turn of the millennium.

2. Higher yields per hectare increase the supply of primary agricultural products on international
markets. For example, an additional 53 million tons of cereals and almost 8 million tons of
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oilseeds can currently be produced in the EU with plant breeding progress for these crops in
the past two decades. This contributes to stabilising markets and reducing price volatility.

This also improves the EU agricultural net trade balance. Without plant breeding progress in
the past 20 years, the EU would have become a net importer in all major arable crops in 2020,
including wheat and other cereals.

Plant breeding in the EU is also indispensable for combating hunger and malnutrition as it
improves the world food security situation. Given current European and global food baskets,
genetic crop improvements in the EU in the past 20 years have assured additional availability
of food for 114 million EU citizens or alternatively 168 million humans at global scale.

Furthermore, plant breeding in the EU generates additional economic prosperity by increasing
the gross domestic Product (GDP). The entire agricultural value chain benefits from input
suppliers to final consumers. Genetic crop improvements in EU arable farming since the turn
of the millennium have generated in the agricultural sector of 2020 alone an additional social
welfare gain of more than EUR 14 billion and have added more than EUR 26 billion to the
GDP of the EU in total.

Plant breeding for arable farming in the EU also secures employment and increases the in-
come of farmers and agricultural employees. Approximately 6 100 EUR per fully employed
farmer (or agricultural worker), that means approximately one third of the current arable
farm income in the EU, on average, have been induced by plant breeding in the past two
decades. Moreover, almost 90 000 jobs have been created and secured in the arable sector
this way, and many more upstream and downstream the agricultural value chain in the EU.

Plant breeding in the EU does not only bring about positive economic and social effects, but
it also generates substantial environmental impacts. It particularly helps save scarce land
resources around the globe by generating higher yields per unit of area. Therefore, it can be
stated that plant breeding minimises the net virtual land imports of the EU. In the absence
of plant breeding for major arable crops in the EU in the past 20 years, the global agricultural
acreage in 2020 would have to be expanded by more than 21.5 million hectares.

This contributes to preserving natural habitats and to reducing GHG emissions resulting from
an expansion of the global acreage. Plant breeding in the EU, thus, also secures less GHG
being emitted by helping avoid negative land use change. Until 2020, a total of almost 4.0 bil-
lion tons of direct CO, emissions have been avoided by genetic crops improvements in major
arable crops in the EU in the past two decades.

In addition, plant breeding in the EU generates a large positive biodiversity effect. Without
plant breeding in the EU in the last 20 years, global biodiversity equivalent to the species
richness found in 8.3 million hectares of rainforest and savannahs in Brazil or in 11.8 million
hectares of natural habitats in Indonesia would have been lost until 2020 in addition to what
has already disappeared.
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10. Plant breeding in the EU for major arable crops in the past two decades has finally contributed
to saving scarce water resources around the globe. Without plant breeding almost 50 billion
m3 of water would be additionally needed today at global scale. This is as much as the water
volume of Lago di Garda.

It can preliminarily be summarised: Plant breeding for arable crops in the EU has contributed a lot
to yield progress since the turn of the millennium. This surely creates opportunities for the agrarian
economy and the rural environment. In fact, it becomes obvious that EU plant breeding in arable
farming is an essential part of the overall economic and social performance of the agricultural and
food sector as it creates not only additional output but thereby also farm and societal income, jobs
on farm and along the value chains, as well as market and trading opportunities which not only
benefit the farmer but also the consumer. It becomes obvious, too, that plant breeding for arable
crops in the EU additionally offers various environmental benefits: Due to a more efficient land use
in the EU, it helps avoid additional use of still natural or nature-like habitats for agricultural pur-
poses at global scale. This leads to less GHG emissions and biodiversity losses in other regions of the
world being our trading partners. A more efficient use of water being a globally scarce resource as
well can also be attributed to plant breeding progress in the EU.

Looking ahead, this perspective changes only a bit. Most of the indicators which have been analysed
with respect to plant breeding for major arable crops in the EU in the past 20 years, that means
since the turn of the millennium, show a rather stable and similar or an even higher value level if
applied to potential plant breeding progress in the analysed upcoming decades until 2040. This
allows to condense that successfully innovated genetic crop improvements in the EU have been and
will be essential for economic, social and environmental benefits at large scale and should indeed
be considered a highly effective measure for adapting to new challenges and very dynamic settings.

Fulfilling the various objectives of the “Farm to Fork" and “Biodiversity" strategies of the EU in this
context marks a considerable new challenge for farmers in the EU and its member states as agri-
cultural production would tend to considerably decrease until 2030 if the two strategies were fully
implemented. Plant breeders are certainly able to help compensate negative effects that may arise
from a production decline triggered by the strategies. However, plant breeding-induced innovations
at current pace might obviously not be enough to fully counteract the potential impact arising from
an implementation of the two strategies until 2030. The following can be highlighted in this respect:

. Production and subsequent market supply losses due to the two strategies until 2030 could
potentially be halved with plant breeding in the next decade at current pace.

. Continually occurring genetic crop improvements in the next ten years have the potential to
counteract approximately 55 percent of the apparent sectoral income and GDP shrinkages in
2030 that must be attributed to production and supply impacts of the strategies until then.

o Negative consequences on the use of global natural resources such as land and related GHG
emissions and biodiversity issues as well as water that can be attributed to an enforcement
of the two strategies until 2030 can be alleviated by 50 to 60 percent, assuming the same
progress of plant breeding as in the past for the next ten years.
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The question is: What can possibly fill the still existing gaps in the near future as plant protection
and fertilisation shall be reduced with the two strategies and land machinery and other technologies
have long-lasting investment intervals? It is, again, plant breeding that must be considered a po-
tential "game changer”. However, this requires speeding up processes aiming at genetic crop im-
provements. Therefore, all available technologies must be used, especially those able to provide
genetic crop improvements in a more targeted way and a shorter time. In addition, the overall policy
and regulatory framework must encourage and not hinder the necessary investments into future
plant breeding.

In this respect, various case studies on potential impacts of resistant varieties developed through
NPBT illustrate on an exemplified base that very specific genetic crop improvements may lead to
remarkable benefits at farm and societal level if successfully implemented. Fungi-resistant wheat
and grapevine varieties developed through NPBT, for instance, may be able to considerably reduce
the number of applications of fungicides in European agriculture, thus, contributing to environmen-
tal protection. And pod shatter-resistant OSR varieties, virus-resistant sugar beet varieties, as well
as drought-resistant maize varieties bred with modern sophisticated technologies, to take other
examples, have the potential to remarkably increase yields thereby minimising pressure on scarce
natural resources such as arable land.

However, it is not the individual case of a particular NPBT application that should count, but the
overall potential these technologies have to contribute to plant breeding progress in general and
over time. The mere time saving embedded in the NPBT due to accelerated trait integration and
early generation selection will be substantial and will certainly lead to a considerable additional
pant breeding-induced yield growth supporting reaching the ambitious goals of, for instance the
“Farm to Fork" and “"Biodiversity" strategies at European scale and the Sustainable Development
Goals at global scale. Provided that the EU sees itself as a responsible actor that accepts the global
and regional challenges involved herein and wants to play its part in meeting these challenges, it
follows that economic, social, and environmental considerations must be taken into account in a
balanced way when making decisions.

Plant breeders should be aware that their efforts have helped and can continuously help create
synergies and avoid trade-offs embedded in multiple objective settings. In fact, plant breeding
counts and shall be seen as a highly effective measure for adapting to new challenges and mitigat-
ing negative consequences which may arise while addressing these challenges. However, one ques-
tion remains: Is plant breeding able to even do more than it has already contributed? It certainly
should since increased crop productivity through the development of superior plant varieties may
play not only a more accentuated but even substantiated role in the future as the adaptation of
other improved land and crop management practices might be limited.

This makes plant breeding an extremely important area of research and development (R&D) and
plant breeders must take responsibility by investing even more (than before) into innovation not
only targeting higher harvestable yields but also other characteristics of a plant such as pest and
disease resistance, other agronomic traits, product quality, crop adaptation and genetic diversity
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and orphan crops. This will also help meet specific objectives of the EU balancing environmental,
social, and economic issues.

Plant breeders in the private but also public science sector are certainly willing and have the tools
to do so. Yet, the success of, for instance, NPBT is not guaranteed at the science level alone - it is
also influenced by social acceptance and policy decisions. To encourage plant breeders to further
(and even more) invest into the development of new and better seed varieties and the therefore
needed sophisticated breeding technologies, appropriate policy decisions and, in addition, public
support are a must. Such support should include strengthening R&D as well as fundamental research
in plant breeding and making evidence-based policy decisions for regulating.

In this respect, the “Farm to Fork" strategy does already acknowledge that latest research and sub-
sequent innovative techniques, including biotechnology, may play a more important role in increas-
ing sustainability. However, what is still missing are concrete policies and measures for this specific
strategic aim of advanced R&D to enter into force.

Another option for policy support is public awareness raising. This study is also meant to increase
such an awareness by providing evidence for the multiple benefits of plant breeding in agriculture
and beyond based on reproducible findings and scientific facts. As such, this study should be con-
sidered an initial step in supporting and motivating this public debate. However, further foremost
interdisciplinary research and evidence-based information campaigns need to follow and should be
supported by policy makers and other public decision-makers including scientists.

Finally, a proportionate and result-focussed regulatory framework is needed to establish clear and
sustainable rules for the European plant breeding sector. Instead of delaying or even hindering Eu-
ropean plant breeders to spend the necessary resources on urgently needed future economic produc-
tivity increase and environmental resource use efficiency growth, such a legal setting should en-
courage them. In this respect, NPBT constitute a diverse group of techniques, each of which can be
used in various ways to achieve different results and products. Therefore, safety considerations de-
pend on the individual technique, how it is used and the characteristics of the resulting product and
cannot be made on all techniques in total. Moreover, expert opinions consider that genetically and
phenotypically similar products deriving from the use of different techniques are not expected to
present significantly different risks. EU policy makers and regulators should take this into consider-
ation when discussing potential future regulatory options.

To conclude, we have shown that plant breeding in the EU has made and will continue making
important contributions towards sustainable agriculture covering all pillars of sustainability. Meet-
ing the sustainability criteria is also @ major impetus that comes from the “Farm to Fork" and "Bio-
diversity" strategies. In this respect, plant breeding and the two strategies can be considered con-
genial partners that depend on each other and can reinforce each other's positive effects. In other
words: Without accelerating plant breeding in the EU in the future, the objectives of the “Farm to
Fork" and "Biodiversity" strategies and, hence, the European Green Deal can hardly be achieved. To
credit this importance, European plant breeders must be increasingly recognized by policy makers,
regulators, and the society as supporters of sustainable development in agriculture and beyond.
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1 Introduction: objectives and structure of the report

Five years ago, HFFA Research (2016) arrived at the conclusion that plant breeding in the European
Union (EU) contributes to various socio-economic and environmental benefits. It particularly turned
out that plant breeding innovations in EU member states around the turn of the millennium pro-
vided, on average, approximately three quarters of total productivity growth on arable land, i.e.,
increased yields in arable farming of the EU by more than 1.2 percent per annum. Based on this
substantial plant breeding-induced land productivity growth, activities targeting genetic crop im-
provements resulted in numerous other benefits. Plant breeding did not only act to increase yields
but also tended to increase potential world food supply, stabilize market prices, generate economic
prosperity, increase social welfare, create additional farm income, secure agricultural jobs, improve
the agricultural trade balance, minimize net virtual land imports, reduce CO, emissions, preserve
biodiversity, and save agriculturally used water resources. In other words: Investments into EU plant
breeding enabled European farmers to cope with manifold socio-economic and environmental chal-
lenges the agricultural sector was facing at that time.

Most of the challenges still have to be envisaged by farmers today, and additional tasks are currently
on the agenda for the broader society. In terms of consumption of agricultural products, global
population is projected to increase from an estimated 7.7 billion people in 2019 to around 8.5 billion
in 2030 and 9.7 billion in 2050 (UN, 2019). This alone, ceteris paribus, implies an increase in demand
for agricultural commaodities of 0.75 percent per annum. However, global agricultural demand is
projected to increase at a much higher rate. Islam and Karim (2018) as well as Fukase and Martin
(2020), for instance, argue that food consumption until 2050 will annually increase by 1.72 percent.
Apart from population growth, the main reason behind this development is income growth which
also results in dietary shifts.

This considerable increasing global food demand, however, still excludes changes in non-food de-
mand. Most probably, agricultural raw materials will also be used more frequently and intensively
as inputs in various industrial and energy producing processes. Examples are the increasing use of
crops for the generation of bioenergy - i.e., biodiesel and bioethanol - (Nakada et al., 2014; Malico
et al., 2019) and as a source for the broader chemical industry (Yadaw et al., 2020), as well as the
growing demand for cotton and other bio-fibres to, simply speaking, dress people (EC, 2018; USDA,
2020). Accordingly, a demand growth rate for agricultural raw materials in total in the range of 2.0
percent and more per annum seems plausible (OECD and FAO, 2020).) In other words: Within the
next decades, global agricu