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https://worldcoffeeresearch.org/programs/core-collection
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https://rab.gov.rw/index.php?id=347
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Global Coffee Breeding Network

Transforming coffee agriculture for climate-resilience
through collaborative global breeding

The Innovea Global Coffee Breeding Network
brings together collaborating countries to
transform global coffee breeding and accelerate
the pace of coffee genetic improvement.

The future of coffee agriculture depends on
accelerating the development of better varieties.
That’s not an overstatement. Luckily, tremendous
gain can be achieved when modern, innovative,
and collaborative methods are brought into
coffee. This network enables coffee-producing
countries—for the first time—to work together

to pursue the continuous development of better
coffee varieties, tailored to the unique needs of
their farmers and markets. Given the timelines for
breeding a tree crop like coffee and the reality of
climate change, using modern breeding tools to speed
up genetic gain is absolutely essential

An elegantly designed program to achieve
transformative change. All of coffee agriculture
depends for its success on agricultural science
conducted by a constellation of national coffee
institutes around the world, typically workingin
Isolation from one another. Despite herculean efforts,
these individual national research programs face
significant limitations working alone—from aging
scientists to outdated breeding approaches to lack of
funding. In particular, over the last 50 years, national-
level investments in the creation of new varieties have
faltered, creating a crisis of innovation that makes the
coffee industry’s sustainability, quality, and supply

What can breeding do?

assurance goals difficult if not impossible to achieve.
The Innovea network’s unique collaborative design
provides tremendous value to countries unable to
tackle the challenges of climate change on their own.
The globally coordinated approach has brought
together a wide diversity of genetic material and will
enable large numbers of lines to be evaluated across
many different environments. With this network we will
be able to achieve results that would not be possible
for a more traditional program operating within the
borders of a single country. Furthermore, the network
gives participating countries unrestricted access to
new genetic materials, training in modern breeding
approaches, and shared tools while also connecting
researchers across national boundaries to achieve
results that would be impossible for programs working
inisolation.

PDF
Innovea Fact Sheet
Download 291 KB
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2022. 09. 14-PROGRAM UPDATES
Final Four: WCR F1 hybrids complete phase 1 trials
Four high—performing candidates have been identified after 7 years of evaluation
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The cherries from a single F1 hybrid cross harvest (the first “production” harvest for these experimental varieties), 2019.

In 2015, WCR initiated a trial to cross high—performing coffee varieties and generate
new F1 hybrids aimed at improving productivity, tolerance to disease, improved cup
quality, and climate resilience. Seven years later, the first phase of trials is
wrapping up and four final candidates have been identified.

Why F1 hybrid breeding?

WCR’ s work is dedicated to mitigating risks to coffee supplies in the long term, but
various threats, including climate change, have created conditions that challenge the
ability of farmers to successfully produce Arabica. Over the next few years, it is
projected that climatic shifts and erratic, extreme weather conditions will lead to
increased vulnerability of coffee to diseases and pests, reduced quality of coffee,
decreased productivity of farms, and increased economic vulnerability of farmers.

F1 (first generation) hybrids are a potential technology that WCR has been exploring
to support farmer success and reduce production risk. F1 hybrids are notable because
they tend to have significantly higher production than non—hybrids while maintaining
high cup quality and disease resistance. Further, compared to traditional varieties,
F1 hybrids demonstrate a reduced time from breeding to commercial release (10-20
years vs. 25-30 years for pure line varieties)—which is critical given the pressure
farmers face from the climate crisis. F1 hybrid varieties are created by crossing
genetically distinct parents (for example, a wild landrace x a modern cultivar). The
offspring of the cross are first—generation (F1) hybrids.


https://worldcoffeeresearch.org/news/2017/experimental-f1-hybrids-in-the-field
https://worldcoffeeresearch.org/news/2017/experimental-f1-hybrids-in-the-field
https://worldcoffeeresearch.org/programs/next-generation-f1-hybrid-varieties

In 2015, WCR initiated a trial of 43 F1 hybrid crosses between eight wild Arabicas in
the WCR/CATIE Core Collection and three rust-resistant Sarchimor varieties

(Obata, Marsellesa, and IAPAR 59) as well as with Geisha lines.

The hybrids were planted in three locations across Costa Rica and El Salvador between
2016 and 2017, and some were then transferred to the Rwanda Agricultural Board (RAB)
Rubona Research Station in 2018. The first production harvest in Central America
occurred in 2019, and in 2020, WCR initiated a first round of selection, advancing 15
hybrids for additional observation.
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Julio Alvarado, WCR research technician, takes down data about the weight of cherries from an F1 hybrid cross, 2019.

The final four

Now, seven years later, enough data has been collected to evaluate the plants and
narrow four finalist candidates. The four finalists were generated from crosses
between high performing Geisha and Sarchimor lines.

Mean yield data from four sites shows that the selected hybrids had yields 25% higher
than “control” varieties (Marsellesa and IAPAR 59). This is similar to the yield
increase seen in other commercially available hybrids, such as Centramericano. WCR 29
produced the highest yield at 30% greater than the yield of Marsellesa (a non—hybrid
improved variety that is one of the parents of WCR 29). The data suggests that these
F1 hybrid candidates can be competitive in the nascent field of cultivating such
plants.

The hybrids’ competitiveness was further supported by quality assessments. During a
2022 cupping at the Specialty Coffee Association’ s Expo in Boston, 12 cuppers scored
the quality of the four hybrids higher than that of two mother plants—lapar 59 and
Marsellesa—included in the experiment (note: WCR was unable to cup the Geisha parents
because yields were too low from selected trees). In sum, 3 of the 4 hybrids averaged
an SCA cupping score greater than 84 points. SCA considers coffees that score at 80
points or above as specialty grade.


https://worldcoffeeresearch.org/news/2017/experimental-f1-hybrids-in-the-field
https://worldcoffeeresearch.org/programs/core-collection
https://varieties.worldcoffeeresearch.org/varieties/obata-rojo
https://varieties.worldcoffeeresearch.org/varieties/marsellesa
https://varieties.worldcoffeeresearch.org/varieties/iapar-59
https://varieties.worldcoffeeresearch.org/varieties/geisha
https://rab.gov.rw/index.php?id=347
https://rab.gov.rw/index.php?id=347
https://link.springer.com/article/10.1007/s10681-011-0372-7
https://sca.coffee/
https://www.scaa.org/PDF/resources/cupping-protocols.pdf

However, it is important to note that hybrids are not a silver bullet. F1 hybrid
plants are more expensive to propagate and often have higher nutritional needs.
Additionally, farmers growing F1 hybrids should not save hybrid seeds or the
resulting plants will be non—uniform, which can have severe negative consequences for
future yields and performance. All of these factors mean that F1 hybrids are not well
suited for smallholder farmers unless they have access to high—quality training and

technical assistance.

Dofia Soila harvests cherries from F1 plants at WCR s research farm, Flor Amarilla, in El Salvador, 2019.

What’ s next for the hybrids?

The process to develop a new variety and get it out to farmers is a long one, even
for F1 hybrids, and there are no guarantees. Typically, a large number of crosses are
made at once and then a few individuals of each cross are planted in the field and
evaluated for a minimum of 6 years to see if any of them are promising. It takes
roughly 3 years for the tree to produce it’ s first production harvest; then a
minimum of 3 years of data are needed to verify performance. In most cases, only a
few finalists will be selected for advancement based on performance.

Once finalist candidates are selected, they are typically advanced to larger “pre—
commercial trials.” These trials test a small number of candidates but plant a
larger quantity of each one to see how they really perform in a production
environment (compared to a handful of plants at a research station). In total, it can
take 12 or more years to properly test new F1 hybrid candidates to see if any offer
truly improved performance over what is already available for farmers. And, in the
end, sometimes breeders must go back to the drawing board—the outcomes are not known
in advance.

In fall 2022, WCR will seek partners to host next—phase, pre—commercial hybrid trials
for the four finalists. If suitable partners are identified, partners would install
6-year trials for final evaluation. In preparation for potential trials, WCR has



engaged CATIE to propagate 12,000 hybrid trees via somatic embryogenesis.

If interested partners are identified and trials proceed—and any F1 hybrid candidates
perform well in pre—commercial trials—partners could decide to commercialize the
trees. Then, they would join a small handful of F1 hybrid varieties that have only
recently become available to farmers. Commercial availability of F1 hybrid varieties
is currently limited to a few countries in Latin America (varieties include
Centroamericano, Mundo Maya, Starmaya, Milenio, Eva Luna), as well as Kenya (Ruiru
11). Even so, the popularity of F1 hybrids continues to grow because of their higher
overall performance.

Dr. Tania Humphrey, WCR’ s Director of Research and Development (R&D), looks forward
to learning more about the hybrids’ potential in the field and the cup. “I am
impressed by the performance of these hybrids in trials so far and excited that we
are now ready to scale up to the next stage,” said Dr. Humphrey, “Pre—commercial
trials will allow us to better understand their performance and provide traders and
farmers with greeted confidence as they consider adopting new varieties.”

BREEDING

Innovea Global Coffee Breeding Network

Transforming coffee agriculture for climate—resilience through collaborative global breeding

The Innovea Global Coffee Breeding Network brings together collaborating countries to
transform global coffee breeding and accelerate the pace of coffee genetic
improvement.
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The future of coffee agriculture depends on
accelerating the development of better varieties.
That's not an overstatement. Luckily, tremendous
gain can be achieved when modemn, innovative,
and collaborative methods are brought into
coffee. This network enables coffee-producing
countries—for the first time—to work together

to pursue the continuous development of better
coffee varieties, tailored to the unique needs of
their farmers and markets. Given the timelines for
breeding a tree crop like coffee and the reality of
climate change, using modern breeding tools to speed
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An elegantly designed program to achieve
transformative change. All of coffee agriculture
depends for its success on agricultural science
conducted by a constellation of national coffee
institutes around the world, typically workingin
Isolation from one another. Despite herculean efforts,
these individual national research programs face
significant limitations working alone—from aging
scientists to outdated breeding approaches to lack of
funding. In particular, over the last 50 years, national-
level investments in the creation of new varieties have
faltered, creating a crisis of innovation that makes the
coffee industry’s sustainability, quality, and supply
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Problem

With a business—as-usual approach, current coffee breeding programs are overtaken by
the challenges of climate change and will be unable to generate innovations quickly

What can breeding do?

i

assurance goals difficult if not impossible to achieve
The Innovea network’s unique collaborative design
provides tremendous value to countries unable to
tackle the challenges of climate change on their own.
The globally coordinated approach has brought
together a wide diversity of genetic material and will
enable large numbers of lines to be evaluated across
many different environments. With this network we will
be able to achieve results that would not be possible
for a more traditional program operating within the
borders of a single country. Furthermore, the network
gives participating countries unrestricted access to
new genetic materials, training in modern breeding
approaches, and shared tools while also connecting
researchers across national boundaries to achieve
results that would be impossible for programs working
in isolation.
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enough to respond to the growing challenges faced by farmers.

All of coffee agriculture depends, for its success, on agricultural science conducted
by a constellation of national coffee institutes that typically work in isolation
from one another due to the way in which breeding activities enhance origin
competitiveness in the market. Despite herculean efforts, these individual national
research programs face significant limitations working alone—from aging scientists to
outdated breeding approaches to a lack of funding. In particular, over the last 50
years, national—level investments in the creation of new varieties have faltered,
creating a crisis of innovation that makes the coffee industry’ s sustainability,
quality, and supply assurance goals difficult, if not impossible, to achieve.

The coffee community requires a different approach to coordinating and implementing
coffee breeding if we are to succeed in improving coffee quality and securing long—
term supply in the face of the climate crisis.

Solution

The Innovea Global Coffee Breeding Network brings together collaborating countries to
transform global coffee breeding and accelerate the pace of genetic improvement in
coffee. This network enables coffee—producing countries to work together to pursue
the continuous development of better coffee varieties, tailored to the unique needs
of their farmers and markets.

Given the timelines for breeding a tree crop like coffee and the reality of climate
change, using modern breeding tools is absolutely essential. The Innovea network s
unique collaborative design provides tremendous value to countries unable to tackle
the challenges of climate change on their own. The globally coordinated approach has
brought together a wide diversity of genetic material and will enable large numbers
of lines to be evaluated across many different environments. With this network, we
will be able to achieve results that would not be possible for a more traditional
program operating within the borders of a single country. Furthermore, the network
gives participating countries unrestricted access to new genetic materials, training
in modern breeding approaches, and shared tools while also connecting researchers
across geographies to achieve optimized results.

Significant genetic gains can be achieved with existing coffee germplasm if modern
breeding approaches are brought into coffee. The cornerstone of WCR' s strategy is
that the Innovea network will bring together the capacities of participating
countries to accelerate the pace of coffee genetic improvement. In this network,
collaboration enables deeper competitiveness among coffee producing country partners,
and breeding will simultaneously respond to the needs of farmers and of roasters and
consumers.

Modern coffee breeding can solve multiple problems at once. For example, it will
bring more durable resistance to key pests and diseases into coffee varieties,
reducing the need for pesticides. It can bring higher—quality coffee to lower
elevations, expanding the potential for production in tomorrow’ s hotter
temperatures. It can deliver varieties with higher yield stability across a broader
array of environments—critical for climate change adaptation—and/or tailored to
specific environments.



Impact

Using the latest technologies available for crop improvement, the Innovea Global
Coffee Breeding Network will drive a transformation in the global coffee supply.
Through a demand-led breeding approach, together, the industry and farmers will
design the coffee of the future. In the next two decades, we expect that multiple
countries will have a basket of improved varieties that are more productive and
climate resilient, better tasting, and more diverse than all of today’ s current
varieties. From then on, there will be a continuous pipeline of ever—improving more
stable/predictable and diverse available to farmers through their national research
institutions.

Key features of the Innovea Global Coffee Breeding Network

Nine global partners. Costa Rica, USA, India, Indonesia, Kenya, Mexico, Peru, Rwanda,
and Uganda are the network participants. These collaborators together produce ~23% of
the world’ s arabica coffee exports.

Population development & finished varieties. The network’ s primary focus is on the
development of genetically diverse breeding populations, which are distributed to
network participants every 6 years to continually replenish national breeding
programs with superior breeding material. Participating countries remain in charge of
the development and release of finished varieties tailored for local conditions and
niche market demand. WCR also supports partners via investments in capacity building.
Time—to—farmers. Finished variety development is a long—term endeavor. Depending on
the breeding approach and the performance of the material, some countries could
release new varieties as early as 2033. Most will take several more years. After
that, new varieties can be released in a country as often as every 3-5 years.
Cooperation + Competition = Coopetition. The network’ s collaborative design lowers
the cost for individual countries to access modern breeding tools (cooperation),
while countries remain in the driver’ s seat regarding finished variety selection and
variety release to give their farmers a competitive edge (competition).

New and unique genetic combinations. WCR will create new, improved breeding
populations that partners can use without restrictions on their use.

Modern breeding. The network will use genomic selection with recombination
centralized at WCR’ s breeding factory in Costa Rica, to create improved populations
as fast as possible. Each new population cycle will recombine individuals with the
highest breeding values across traits. Phenotyping is carried out by partners at
globally distributed sites. These approaches allow breeders to tackle multiple
problems simultaneously (such as yield, disease resistance, cup quality, and climate
resilience) and to speed up improvement. Aote: The breeding network will not engage
In genetic modification.

Demand—led. Using principles of demand-led breeding ensures that finished varieties
are ones farmers want to grow and that roasters and consumers want to buy.



Multi-environment testing for climate resilience. Breeding populations will be
distributed to sites in many countries with different agroecological environments,
exposing them to diverse and sometimes extreme environmental pressures. Aggregated
global performance data will indicate which plants have stable performance across
climates. The most stable plants can be released for farmers and can be used in
subsequent breeding to increase climate resilience traits to make even better
varieties.

Funded by the coffee industry. The network is funded by the 200+ member companies
from 27 countries that make up World Coffee Research. These companies are leaders in
the global coffee industry driving science—based agricultural solutions to urgently
secure a diverse and sustainable supply of quality coffee today and for generations
to come.

Collaboration + Competition = Coopetition

We propose that transformation of the world’ s coffee breeding infrastructure
requires a “coopetition” model.

o Collaboration. The key factors - larger population sizes with greater
diversity than is normally achieved through simple two—parent populations,
diverse production environments in which to test material, and phenomic and
genomic selection tools to improve precision of selection and shorten
selection cycles - require broad, global collaboration. In particular, true
climate resilience requires that countries work together. Even if individual
countries have the best molecular tools and a high—powered breeding program,
they are limited to evaluating breeding material in their own existing
production environments—they will not be able to see how genes within plants
perform when a hotter/wetter/drier/colder production environment arrives on
their doorstep, at which point it will already be too late.

o Competition. At the same time, national breeding efforts are fundamentally
part of producing countries’ competition with one another. Many have
ambitious goals to expand both exports and domestic consumption.

e Coopetition. In a “coopetition” framework, deeper collaboration enables
deeper competitiveness among participating national programs. The model offers
a new way for producing countries obtain access to best—in—class technology
and climate resilient germplasm, while also supporting national competitive
ambitions.



