Feed the Future Innovation Lab for Climate Resilient

Chickpea
Chickpea is the world’s second most important pulse legume, with particular importance in the
semi-arid tropics of sub-Saharan Africa and South Asia. Like the majority of cultivated legumes,
chickpea has exceedingly narrow genetic and phenotypic diversity. This has consequences for
breeding of climate-resilient crop varieties, because much of the historical phenotypic plasticity
necessary to tolerate environmental extremes may have been lost through domestication. Thus
breeding only within cultivated material will have steeply diminishing returns, and there is an urgent
need for new sources of diversity.

need to think outside the box. Although our modern crop
“ We
species origniated from diverse natural systems, thousands of years
of breeding have greatly reduced genetic diversity in our crops.
Our efforts harness the potential of wild species to increase genetic
diversity and elevate crop production and farmer prosperity in the
developing world.
– Douglas Cook, Director

”

Climate Resilience and Nutrition in Chickpea
The Climate Resilient Chickpea Innovation Lab emphasizes the
crop-based traits of climate resilience and nutrition, focusing
genetic improvement on the needs of small holder farmers in
Ethiopia and India. In both countries chickpea is key to food security,
providing a vital source of protein nutrition and income. In Ethiopia,
smallholder farms dominate chickpea’s production acreage, with
low and variable yields. Though India is both the largest producer
and consumer of chickpea, yields are significantly below those in
intensively managed systems. Year to year climatic variation is a
key factor in variable yield and thus addressing climate resilience
is a key priority. Moreover, women’s labor dominates smallholder
farming in Ethiopia and thus year‑to‑year variation in chickpea
production has a disproportionate impact on rural women and their
children.

This Feed the Future project funded by USAID
incorporates the following 5 objectives:
Objective 1. Characterize a comprehensive collection of wild
species focused on C. reticulatum, the wild progenitor of cultivated chickpea.
Objective 2. Create reverse-introgression and advanced backcross introgression lines to (a) remove phenological barriers
that otherwise impede the use of wild germplasm in breeding,
(b) establish a resource for association mapping of climate-resilience traits, and (c) initiate breeding with superior wild alleles.

Breeding for climate resilience as well as other high value traits will be greatly accelerated if we
can expand the range of adaptations accessible to breeders. Towards this end, we are characterizing wild Cicer species from a representative range of environments; introducing wild diversity into
phenology-normalized backgrounds so that it is amenable for trait assessment and breeding; characterizing the material by systematic phenotyping; developing a digital information network that
explicitly identifies and quantifies the contributions of agronomically useful alleles; and developing
Objective 3. Phenotype reverse-introgressed and advanced
improved chickpea varieties using an international consortium of chickpea breeders.
backcross introgression lines for a range of high-priority traits
We aim to foster breeding of high-yielding, climate-resilient chickpea within the context of user-pre- related to developing high-yielding, climate-resilient chickpea.
ferred traits. Our upstream activities (i.e., germplasm collection, genomics and population development) are predicated on the need to facilitate downstream phenotyping and breeding activities. Objective 4. Develop a predictive network of genotype-phenoOur efforts emphasize the identification and introduction of newly collected wild alleles into diverse type associations that identifies genes and genome regions
high performing elite cultivars, creating novel varieties that are optimized for climate resilience and from wild species that improve chickpea’s yield resilience to
climatic extremes.
nutrition.
Our strategy of research-for-development is predicated on the idea that gaps in knowledge and/
or resources can be rate limiting to achieving important agricultural goals. The poor state of wild
chickpea germplasm represents such a gap. Access to properly structured collections of wild germplasm, and their methodical introduction into pre-breeding populations, can bridge this gap and
be the cornerstone of developing climate-resilient chickpea.

Objective 5. Resource and data management and public-facing bioinformatics.
Objective 6. Train and educate a gender-diverse group of
young scientists from target countries.
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Chickpea and its wild relatives have a natural capacity for nitrogen fixation,
reducing their dependence
on fertilizer nitrogen. Nevertheless domesticated legumes, including chickpea,
often suffer from low and/
or variable rates of nitrogen fixation. This project
bridges ecology and molecular biology by means of
genomics and quantitative
biology to identify and subsequently analyze genes
involved in the establishment of the legume rhizobial symbiosis.

This project includes the
dual focuses of (1) curation, increase and distribution of wild germplasm,
and (2) analysis of drought
tolerance among representative wild accessions.
Water availability is critical
during reproduction and
grain filling, and thus is a
key factor in yield. Plant
traits that conserve soil
moisture even when water is not limiting are likely
to be relevant for yield improvement under limiting
water conditions, especially in chickpea where the
most relevant water stress
is terminal drought.

The CGIAR Consortium
Research Program 3.5 on
Grain Legumes will: (1)
assess molecular diversity among C. reticulatum
and C. echinospermum accessions held by CGIAR
repositories, and (2) contribute to establishing the
genome structure of wild C.
reticulatum and C. echinospermum based on longread sequencing. These
molecular tools will facilitate association mapping
and introgression breeding
for several CRP-GL product line objectives.

Mars Incorporated provided a gift to facilitate genomic and genetic analysis of
pre-breeding populations
in chickpea. Their investement serves to accelerate trait-marker discovery.
The outomes will improve
the speed and precision of
crop improvement through
molecular breeding for key
factors important to developing world agriculture.
Mars Incorporated funds
research to address critical
challenges related to food,
agriculture and health.

The 2Blades Foundation
provided a gift to work on
Fusarium wilt. This new
activity combines efforts
with Plant Pathologists and
Breeders at the International Center for Agriculture
Research in the Dry Areas
and the Ethiopian Institute
for Agricultural Research.
The project aims to understand genomic diversity of
the devastating Fusarium
wilt pathogen within Ethiopia and to use this information to facilitate breeding of
improved chickpea varieties. The funding will also
provide support for two
Ethiopian PhD students.

The Australian Grains Research and Development
Corporation (GRDC) provided a grant to UC Davis
to establish our wild species collection, which has
been characterized at the
genome level and is now
being used for agronomic
trait assessment and genetic introgression by our
breeding and agronomy
teams. GRDC also funds
a large, multi-institutional
project within Australia, focused on the physiology of
drought and plant maturity,
nitrogen fixation, nematode
resistance and molecular
breeding.

The University of Saskatchewan leads a Canadian project sponsored from
multiple sources, including
grower groups and the regional government. Their
efforts emphasize chickpea
phenotyping and breeding to address constraints
to chickpea production in
Canada, including cold tolerance, disease resistance
and nutrition. The Canadian group works closely
with the U.S. and international teams for germplasm
exchange, expanding the
project’s capacity to deliver introgression breeding
lines globally.
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