Opinion

Back to the Future – Tapping
into Ancient Grains for Food
Diversity
C. Friedrich H. Longin1,z,*,@ and Tobias Würschum1
Einkorn, emmer, and spelt are old wheat species that have fed the world for
centuries before they have nearly completely been replaced by modern bread
wheat. Nowadays, the diversity of these old species lies frozen in gene banks
and rare attempts aim to exploit them as a source for genetic diversity in modern
wheat breeding. Here, we want to raise a debate on a more holistic exploitation
of ancient species via their direct introduction to the consumer market as high
quality products. Although exempliﬁed only for ancient wheat species, this
innovative self-ﬁnancing strategy can be directly extended to other species.
A central requirement for this concept is intensive communication, coordination, and interdisciplinary research along the entire production chain from farm
to fork.

Trends
In developed countries, consumer
trends go towards regional production
of crops that are not intensively bred
and produced, but instead offer novel
and interesting products and tastes.
Ancient crop species can satisfy these
emotionally driven trends and in addition provide interesting new products
with health-promoting ingredients while
increasing crop and food diversity.
The consumer trends further suit the
requirements of small farmers, millers,
traders, and end product manufacturers, for example, bakers, providing
them with unique market positions
against industrial mainstream products
and warranting regional product chains
with stable returns.

Ancient Grains Increase Crop and Food Diversity
‘About 30 000 edible plant species (see Glossary) are known, but only 30 of these feed the
world and only ﬁve cereals – rice (Oryza sativa), bread wheat (Triticum aestivum ssp. aestivum),
maize (Zea mays), millets (e.g., Pennisetum glaucum, Setaria italica, Panicum miliaceum,
Eleusine coracana), and sorghum (Sorghum bicolor) – provide 60% energy intake of the world
population’i. Furthermore, within these species only a few dozen accessions are grown on a
large scale. For instance, the wheat family consists of three species and more than 20
subspecies each represented by hundreds of different accessions. While einkorn (Triticum
monococcum) and emmer (Triticum turgidum ssp. dicoccum) have driven the Neolithic revolution in agriculture and together with spelt (Triticum aestivum ssp. spelta) have been used to feed
the world for thousands of years [1–3], today only bread wheat is widely grownii (Figure 1A). This
extreme focus on few species and accessions has led to a large loss of biodiversity with negative
consequences such as the extinction of species, vulnerability of ecosystems, and difﬁculties to
meet future agricultural demands, because genetic variability to provide climatic and pest
adaptation is lost [4]. Furthermore, traditional dishes, recipes, and customs in food preparation
have disappeared, resulting in a strong decrease in food diversity.
The exploitation of ancient species is seen as a key factor to further drive genetic improvements
in plant breeding. Several strategies have been proposed, from the introgression of single genes
[5,6] to breeding strategies aimed at improving quantitatively inherited traits such as grain yield
[7,8]. However, we propose to extend these efforts to a more holistic and sustainable use of the
available ancient species. We postulate that several of them can be reintroduced as crops by
creating markets for specialty products, along with a rediscovery of traditional recipes and
customs. This concept allows to not only increase the biological diversity in our agroecosystems
but also to enrich our food diversity. These ancient species will hardly help to feed the growing
world population as they are often low yielding and not adapted to modern agricultural practices.

Trends in Plant Science, September 2016, Vol. 21, No. 9

The identiﬁcation of ancient crop species best suited to current consumer
and market needs requires an intensiﬁcation of interdisciplinary research
and long-term funding of undervalued
crops.
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Figure 1. The Wheat Product Chain.
For a Figure360 author presentation of Figure 1, see the ﬁgure online at http://dx.doi.org/10.1016/j.tplants.2016.05.
005#mmc1.
(A) Spikes, hulled grains, and naked grains of einkorn, emmer, durum wheat, spelt, and bread wheat, with their genome formula
in parentheses. (B, C) A simpliﬁed wheat production chain with (B) the relevant requests of the speciﬁc stakeholders, that is,
farmers, millers, and bakers, as well as consumers, and (C) their interactions in a sustainable and coordinated product chain.

However, in developed countries, consumer trends towards high quality, regional products are
‘back to the future’ by utilizing crops that are not intensively bred and/or produced on a large
scale, but instead offer novel and interesting products and tastesiii.

Needs and Interests along the Product Chain
An attractive approach to satisfy trendy consumer requests, while conserving biodiversity, is to
identify those ancient species within the plethora of genetic resources frozen in gene banks,
which allow a self-ﬁnancing re-establishment along the whole product chain. In our opinion, this
requires two steps. First, the identiﬁcation of the interests and needs of the market players and
consumers to establish stable product chains with these ancient species and, second, the
elaboration of the potential risks and demands in their holistic production from farm to fork. We
illustrate these steps with the classical wheat production chain, which can serve as an example
for other species and product chains.
A classical wheat production chain involves farmers, millers, and bakers (or other end producers), as well as the consumer (Figure 1C). Together with stakeholders and socioeconomics,
it is necessary to determine the basic needs of the single players within this product chain for the
present and the near future. We have summarized our main conclusions from numerous
discussions, meetings, and ﬁeld days with numerous stakeholders of the whole cereal product
chain in Figure 1 and will elaborate on them in the following.
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Glossary
Accession: variation within one
species, which is distinguishable from
other accessions in this species.
Lodging: falling down or even
breaking of the stalk of plants caused
by wind, rain, or other events in the
ﬁeld. Thus, all ears lie close to the
soil within lots of straw leading to
very humid conditions, which are
ideal for the growth of fungi or also
the germination of the kernels in the
ear reducing yield and kernel quality.
Phenotyping: determination of a
single characteristic, for example,
disease resistance in the ﬁeld or
baking quality in the bakery
laboratory.
Species: fundamental unit of
biological classiﬁcation. Bread wheat
represents a single species, so does
einkorn and emmer.

Cereal farmers in Europe, for instance, face the problem of steadily decreasing agricultural
commodity prices for major crops, the volatility of their return on investment due to tremendous
price variations at stock markets, and the lack of proﬁtable alternative cropsiv. Furthermore, the
image of conventional farmers is strongly suffering due to monocultures and the intensive use of
agrochemicals along with an increased consumer awareness of residues in products and the
environment. Thus, especially small- and medium-sized farmers are in search for crops that
promise a better and more robust income, independent of the global market of major crops,
while simultaneously enabling to improve their image by extensiﬁcation and an increase in
biodiversity (Figure 1B).
For millers and bakers, the situation is in part similar. Low prices in combination with an
internationalization of the markets for ﬂour and bakery products led to a dramatic loss of
traditional artisanal mills and bakers and the formation of large players in the milling and baking
industry delivering low cost products with constant and good quality. Consequently, the still
existing artisanal mills and bakers urgently seek for niche products that warrant them unique
market positions and a fair and stable income. Furthermore, the diversiﬁcation of raw material
(species) and products, ideally combined with traditional recipes and artisanal ways of production, might largely improve their image against industrial mainstream and mass products.
The strongly emotionally driven consumer demand in developed countries requesting artisanal
‘unmodiﬁed’ products that are novel, healthy, and interesting in taste is ideal for the rediscovery
and reintroduction of ancient species and traditional recipes. Furthermore, it offers a promising
avenue to address the above-discussed needs of small- to medium-sized farmers, millers, and
bakers for proﬁtable niche products.
To generate a ‘win–win situation’, millers and especially bakers need to identify those ancient
species and products thereof, which best fulﬁll the latest consumer demands and consequently
warrant stable and satisfying prices (Figure 1B). Having identiﬁed the ancient species of interest,
a stable and sustainable product chain must be established by cooperation and coordination of
all involved parties. As the ancient species of interest are not available at international stock
markets, the baker has to organize a stable supply chain through the miller. This is classically
done by cultivation contracts between the miller and farmers, ensuring the desired high security
income for small- and medium-sized farmers. In addition, the availability of high quality seeds of
this ancient species for the farmer must ideally be organized by incorporating a breeder into the
product chain. The few still existing small family owned breeding companies are ideal partners for
this, as they are also seeking unique market positions. Breeding is a central component for the
long-term success of a rediscovered ancient crop but requires the continuous input from the
players along the entire product chain.

Identiﬁcation of Promising Ancient Species Requires Interdisciplinary
Research
We again exemplarily focus our illustration on wheat for which more than 560 000 accessions are
maintained in 40 gene banks globally [9], with similar numbers for other species. Consequently,
large numbers of different, yet unexplored accessions are available within the few major crops
but also within undervalued species. For instance, the German gene bank alone holds 126, 316,
and 233 accessions of spelt, emmer, and einkorn, respectivelyv. The challenge is now to mine
this plethora of diversity and identify those species, which are suited for a self-ﬁnancing
reintroduction in the consumer market. A ﬁrst attempt at reducing this vast number of candidates
can be based on their climatic adaptation, potentially followed by emotionally driven selection
criteria such as their historical importance in the target regions. This process will allow a certain
reduction of species, but the remaining ones still have hundreds of different accessions that
need to be investigated in more detail for the characteristics required across the whole product
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Figure 2. Need for Interdisciplinary Research and Coordination. The (re)introduction of a yet not cultivated species
only has a sustainable and proﬁtable future, if it is based on profound information about the potential and risks of this species
for all stakeholders in the product chain. This requires interdisciplinary research evaluating important parameters in
agronomy, product quality, and health-promoting ingredients of the hundreds of accessions available for each species
of interest. These analyses should be based on multilocation ﬁeld trials to separate the genetic breeding value from
environmental effects. Although cumbersome for agronomy, the bottleneck of these phenotyping efforts is in product quality
and especially ingredient analyses, requiring large efforts to improve their throughput. Having ﬁnally decided to reintroduce
an ancient species, small breeding programs might be started to reduce its negative characteristics while maintaining or
even improving their positive qualities and ingredients, to warrant a long-term success of the product chain.

chain (Figure 2). As these traits differ with regard to the complexity and resource intensity of their
assessment, we suggest a stepwise approach for the initial screening.
First, agronomic properties such as their adaptation, disease tolerance, and yield potential, but
also their compatibility with modern machinery under modern production methods, must be
determined and compared with a standard species, in our case bread wheat. With these data, a
rough estimate of the minimum return required per acreage can be derived for the crop to be
ﬁnancially attractive for the farmer. Second, the product quality must be tested involving the
identiﬁcation of potential end products, which in the case of wheat include, for example, breads,
pastry, pasta, but also beer or whiskey. The technical realization of the novel products probably
makes adaptations in the modern production pipelines necessary. Furthermore, the costs and
possible risks of the realization of the identiﬁed high quality products should be estimated. With
these results, the chance of getting a high quality product from the ancient species as well as the
required minimum return for millers and bakers can be estimated. Finally, it would be worth to
investigate whether these ancient species have positive, health-promoting or reduced amounts
of antinutritional ingredients [10]. These analyses might not directly be necessary for a product
launch of ancient species but could support their acceptance and help justify their potentially
higher prices. Thus, interdisciplinary research is a key element, involving besides several
scientiﬁc disciplines such as agronomy, cereal technology, human nutrition, and social sciences
also stakeholders and policy makers [11].
As mentioned earlier, hundreds of different accessions per species are frozen in gene banks,
which should be investigated in the ﬁeld, the quality laboratory, and on positive ingredients, to
identify the most promising ones for a re-establishment. Agronomy, quality, and ingredients,
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however, depend not only on a speciﬁc accession but also on speciﬁc environmental conditions,
where the accession is grown. A good product quality from an accession tested at a single
location might not come from the accession itself but from the speciﬁc growing conditions at this
location in that particular year and might be very different at another location or year. Such
variations in the quality of the products would be disastrous for the launch of an ancient species
and, consequently, each of its hundreds of accessions should ideally be evaluated at several ﬁeld
locations to warrant the environmental stability of the desired characteristics. With current
methods of phenotyping, this is already a tremendous task for agronomy but impossible
for product quality and ingredients. Thus, interdisciplinary efforts should focus on increasing the
throughput in quality and analysis laboratories to establish high-throughput tests for traits such
as bread- and pasta-making quality or for desired ingredients.
Our work on einkorn and emmer can serve as an example to illustrate these steps. We have
worked for a decade on the preliminary screening of hundreds of old accessions of einkorn and
emmer in the ﬁeld and subsequently assessed those adapted to the German growing conditions
for rapidly measurable quality traits, such as protein content and protein quality. The 15 best
accessions of einkorn and emmer were then selected, seeds multiplied, and ﬁnally tested at four
different German locations with 15 accessions of bread wheat serving as reference for current
wheat production [12–14]. Besides a robust estimation of the yield and required returns for the
farmers, the harvested samples were investigated on product quality and health-promoting
ingredients [13,14]. While emmer had a fairly promising agronomical proﬁle and appears suited
for interesting new and high quality products, einkorn was identiﬁed as very rich in lutein, steryl
ferulates, vitamin E, and mineral salts, favoring its use as functional food and giving its products a
sounder and deeper aroma and color. Without the cumbersome investigation of potentially
health-promoting ingredients, the agronomically poor performing crop einkorn would have
probably been disregarded for reintroduction in the plethora of ancient grains. This further
underlines the necessity of improving throughput in phenotyping for product quality and
ingredients.
Despite the identiﬁcation of these promising einkorn and emmer accessions after a decade
of screening, the results of this intensive trial also underlined the importance of plant
breeding for their sustainable reintroduction. Breeding efforts of the so-called ‘Green
revolution’ aimed at reducing plant height and straw stiffness of wheat to maximize the
harvest index, that is, reduce the straw and increase yield and yield stability. By contrast,
ancient wheats such as einkorn and emmer are tall and our ﬁeld trial revealed an increased
risk of lodging even on non-fertilized soils [12]. As the straw itself is nowadays only of
reduced use, a reduction of plant height by plant breeding must be a major objective for
ancient wheats. This can reduce lodging, allowing for higher yields and contributing to more
stable yields. Likewise, the creation of accessions with high levels of interesting ingredients
will require efforts by plant breeding [13,14]. Despite the variation observed in the small
investigated panel, there are likely accessions of einkorn and emmer among the hundreds of
yet untested ones that have even higher levels of interesting ingredients than the evaluated
ones. Thus, a broader screening of additional accessions is required to identify the best
performing ones for the desired characteristics, which can then be used as parental lines for
crossing and selection in breeding.

The Rediscovery and Reintroduction of Spelt in Europe
Spelt can serve as a prime example for the rediscovery of an ancient species (Figure 1A). It is a
close relative of wheat and was the main cereal crop in Southern Germany, Austria, and
Switzerland until the beginning of the 20th century before it nearly disappeared. When its
rediscovery started in Germany in the 1970s, only few older people, millers, and bakers were still
aware of recipes and traditions with spelt, such as Swabian ‘Seelen’ (type of pastry). The
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tremendously successful rediscovery of spelt has led to greater than 100 000 ha of spelt
currently grown in Germany and neighboring countries with an annual turnover of more than
s1 billion across the product chain in Europe and a stable yearly increase of approximately 5%.
This success can retrospectively be assigned to three milestones.
First, a few innovative bakers and millers were mobilized in the late 1970s, each coming from a
different region to avoid competition, who jointly started to rediscover old recipes and high
quality products, and subsequently entered the consumer market with their best products and
joint marketing ideas. This initial marketing focused mainly on tradition, an extensiﬁcation of
agriculture and an increasing crop and food diversity. Today, many spelt recipes including the
traditionally long dough preparation as well as many new products from classical bread to ﬁne
pastry are available in many bakeries, with some bakeries having specialized completely on spelt
products.
Second, the University of Hohenheim started a small breeding program immediately after the ﬁrst
initial agronomic screenings in the early 1980s addressing the major agronomic problem of spelt,
the long straw, coupled with a high risk of lodging and concomitant harvest losses. Since 2000,
almost all grown spelt accessions have a shorter plant height while maintaining their typical
phenotype and quality, but with a more than 20% higher yield compared with old gene bank
accessions [15]. Today, approximately a dozen spelt accessions are grown by farmers, each
with fairly diverse pedigrees involving in total 40 to 50 old spelt accessions, underlining their
successful way out of gene banks into modern agriculture.
Third, the University of Hohenheim was able to launch large interdisciplinary research projects
targeting product quality and health-promoting ingredients that led to scientiﬁc congresses on
spelt and numerous publicity events and meetings with key players representing the entire
product chain. For example, our results from baking analyses revealed an enormous richness of
the spelt breads in texture and ﬂavor, underlining the great potential of this ancient crop to
diversify our food basket.

Concluding Remarks
In summary, the holistic use of ancient species reintroduced as crop is an attractive option for
farmers, millers, and bakers, supporting the need of diversiﬁcation in our food crops and
following latest consumer trends in developed countries. To warrant the long-term success
of this concept, the players along the product chain must work together and ensure intensive
interdisciplinary cooperation between plant breeding, agronomy, product quality, human nutrition, and socioeconomics. This further requires large efforts to improve high-throughput phenotyping, with special focus on product quality and health-promoting ingredients, coupled with
stable long-term funding for interdisciplinary research targeting yet undervalued crops (see
Outstanding Questions). Another essential component is the marketing of these crops and their
products, which in the future may make use of social media as an additional tool to support the
rediscovery of ancient species for food diversity.
Resources
i

www.fao.org/seeds/en/

ii

www.fao.org/worldfoodsituation/csdb/en/

iii

cf. www.barillacfn.com/m/publications/eating-2030.pdf

iv

www.independent.ie/business/farming/european-wheat-prices-are-now-below-the-cost-of-production-34539097.

html; www.welt.de/wirtschaft/article153558748/Deutsche-Bauern-beklagen-dramatische-Preiskrise.html; www.
usinenouvelle.com/article/les-prix-du-ble-au-plus-bas-depuis-cinq-ans-et-demi.N382286
v

http://gbis.ipk-gatersleben.de/GBIS_I/home.jsf;jsessionid=4nWUrZWbJrMwxDWkfZTxAcNpz-dmKUEEHVfkFWcmg

AtgdE6_o2Xx!643426677!1462783284635
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Outstanding Questions
Approximately 30 000 edible plant species are known, each comprising hundreds of different accessions. As it is
impossible to investigate all of them,
which accessions and target regions
are the most promising to consider
for ﬁeld and laboratory evaluations?
What will be the major future consumer
trends: health-promoting ingredients,
taste, aroma proﬁles, biodiversity, food
at low prices, or others?
How is it possible to largely increase
the throughput while reducing the
costs of analyses in quality and health
ingredient laboratories to faster identify
those ancient crop accessions of interest with the required product quality or
ingredients?
Is it possible to develop (rapid) tests for
novel traits that deﬁne the quality of
specialty products, such as aroma
and taste characteristics?

Supplemental Information
Supplemental information associated with this article can be found, in the online version, at doi:10.1016/j.tplants.2016.05.005.
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