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Preface
Sugar beet is an essential contributor to the French agriculture and agri-food industry. Located in the fertile plains where it contributes to maintaining a diversity of production, the sugar sector is being transformed to meet economic and environmental challenges.
The industry has focused on innovation to optimize production and processing, by exploiting economies of scale to the maximum, with the objective of keeping factories at the heart of production areas.
The innovation is paying off. Over a decade, the significant yield improvements have been achieved while reducing environmental impact, with a sharp reduction in the use of nitrogen fertilisers.
Advances in agricultural equipment are also remarkable: not only harvesters, but also laser-guided mechanical weeding with weed recognition—technologies that may soon move into other crops.
But, most of all, the genetic progress has been truly remarkable in this recently-domesticated species.
The AKER programme, selected in 2012 as part of the French Biotechnologies-bioresources for the Future Programmes, has made a major contribution to these innovations. The new varieties that emerge from this programme, more productive and more resistant to disease, offer great prospects for the whole sector. By harnessing high throughput genotyping and phenotyping technologies, and exploring genetic diversity, the AKER programme is recognizing the major role of biodiversity, which is at the heart of agroecology.
[image: p06-FD_BetteraveChamps_2014_28.jpg]

Innovation is one of the pillars of our country's agroecological transition. The AKER programme also reminds us that innovation and this transition are based on our capacity for collective action. It has brought together a particularly dynamic and creative French company, INRAE teams, universities and Grandes Écoles, and an agricultural technical institute, together constituting a French exception in innovation that accelerates progress and its take-up.
Thus, the AKER programme has been emblematic of what public-private research partnership makes it possible to produce in the service of an economically efficient and environment-friendly agriculture and agrifood industry.
Didier Guillaume
French Minister of Agriculture and Food
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Context
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The first beet sugar refinery in Silesia built by Frédéric-Charles Achard.


A short history of sugar beet breeding

Sugar beet (Beta vulgaris L.) appeared in Silesia, at Cunern in 1802, thanks to the work of Frédéric-Charles Achard. It is the first plant to have been systematically selected because the beet has a biennial reproductive cycle (one year in vegetation, one year in seed production), which makes it difficult for the farmer to reproduce.

In 1806, during the Continental Blockade, the measures taken by the Emperor Napoleon 1st to stifle the maritime trade of the United Kingdom led to the first developments of beet cultivation on 30,000 ha in France, in order to find a source of supply in sugar other than cane. At that time, Benjamin Delessert industrialized the process of making beet sugar. This “ersatz” of imported cane sugar has experienced considerable growth since then, not only in France but in many regions of the world.

[image: p11-Napoleon_1er_artwork_illustration.jpg]


Napoleon 1st, initiator of sugar beet and protector of industry (Museum of Fine Arts of Lille).

Selection methods have evolved over time. Long before Gregor Mendel’s arrival, mass selection (best individuals are kept) had become genealogical or pedigree selection (progenies are separated) thanks to the Vilmorin family in the 19th century. In addition, at the request of Florimond Desprez, and under the impulse of Louis Pasteur and Charles Viollette (successive deans of the Faculty of Sciences of Lille), the quantification of sugar by density gave way to the chemical method by reduction of copper salts.

[image: p12-labobetterave_1893.jpg]


The Florimond Desprez laboratory at its beginnings (watercolour painted in 1893).

The discovery by V.F. Savitsky in 1948 of monogerm beets on the one hand, and the description by F.V. Owen in 1952 of the cytoplasmic male sterility of the plant on the other hand, offered to the breeders the possibility of producing monogerm hybrids. The latter made it possible to carry out regular sowing and to mechanize the cultivation of beets by eliminating the labour which was required for the thinning, essential for multigerm beets.


 

What does AKER mean?

Aker is an Egyptian god represented by two lions back to back, one watching the sun rise (in our context, genetic resources) and the other watching the sun set (in our context, elite germplasm). Aker is the “Saint Christopher” of the Egyptian gods, carrying the sun from one world to another on his back, which, according to ancient beliefs, was sinking west into the Earth. The symbolism of the two lions can also be associated with the partnership between the Public and the Private, and the phonetics of the name AKER sounds like “Hacker”, the one who breaks the (genetic) code.

The beet visual is positioned between the two lions, whose leaves are entangled in the manes. It highlights that AKER is a research programme to improve the competitiveness of sugar beet, the deadline for which is included in the signature “Beet 2020”.
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The genetic improvement in beet is a good reflection of the improvement in cultivated plants, to which the breeding company Florimond Desprez has contributed for five generations. Today, with high-throughput genotyping and phenotyping, with sequencing and the use of molecular markers, with bioinformatics and genomic selection, as well as systematic exploration of genetic diversity within cultivated beets and the Beta genera usable in crossing… the AKER programme brings its stone to the building of this construction that is always in evolution.




The objectives of the AKER programme

When it was launched in 2012, the AKER programme corresponded to the wish to put beets at the centre of the field of field crops; the desire to remake one of the scientific supports for agricultural research; the opportunity to enrol in the Investments for the Future Programmes and benefit from the dynamics of the “Grand Emprunt” launched by the French authorities at the time.
...
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