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Foreword

The world around us is changing at an alarming and accelerating rate. This past year—
2023—was the warmest year on record by far; moreover, the ten warmest years recorded
have all occurred in the last decade. Warming oceans have exacerbated weather patterns
like El Nifio, leading to extreme flooding in East Africa and droughts in Southern Africa. In
their wake, these changing climate patterns wash away carbon-rich topsoil, diminish the
bounty of our harvests, and threaten food and nutrition security worldwide.

The crops that sustain us took millions of years to evolve on our planet, with humans driv-
ing that evolution for thousands of years. This unprecedented pace of planetary change
compels us to take a critical look at the food systems we have today and ask ourselves:
how can we best prepare the most fundamental elements of agriculture—crops and
soils—for what's to come? We are grateful for and certainly do not wish to detract from or
reduce the efforts devoted to strengthening food security through actions not specifically
related to VACS. We need both.

This is what motivated the U.S. State Department to reach out to our partners in the African
Union (AU) and the Food and Agriculture Organization of the UN (FAO) to launch the Vision
for Adapted Crops and Soils (VACS), with an initial focus on the African continent.

As part of VACS, we have partnered with and sought feedback from top technical experts
across diverse fields, from nutrition to climate science to plant breeding. These experts
have helped us investigate critical issues that will help us better prepare our food systems,
from identifying which crops are most important for nutrition in Africa, to understanding
how the productivity of those crops will be affected by a climate-changed world.

In this report, you will find a description of the process we've undertaken, including results

of the crop-climate models and our vision for how those results might inform a path With gratitude,
forward. Equally important, though, is what you won't find in this report. We will not claim

to have included every crop that holds promise for nutrition or climate adaptation. We do

not suggest that these models determine ultimate winners and losers. Rather, the goal C ‘.1 K

of this analysis is to provide a starting point for research and policy discussions based on

available evidence—because the planet will not wait for us to develop all the data we'd Dr. Cary Fowler

love to have or come up with a perfect solution. Special Envoy for Global
Food Security, U.S.

| am extremely grateful to those who have been VACS partners from the beginning, Department of State

including the AU, FAO, African Orphan Crops Consortium, AgMIP, Havos.ai, the CGIAR,
and The Rockefeller Foundation. One of the defining characteristics of VACS is that it is
not a project or a program; it is, as the name implies, a “vision” and now a movement.
The key distinction is that a movement requires collective action and responsibility in
order to advance. No one owns the concepts that VACS explores and promotes. No
formal membership is required to take part in its work. | hope that anyone—whether

they are a policymaker or a researcher, a corporate executive or a civil society leader, a
public official, a private citizen, or a farmer—can take inspiration from VACS and apply its
principles to their own work in their own sector. Together, individual actions make a big
difference. It is only together that we can catalyze the changes we need in our global food
system. Thank you for being a part of that movement!
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More than 700 million people globally are
undernourished, and child stunting and nutrient
deficiencies are widespread in low- and middle-income
countries (LMICs) around the world (FAO, 2023).

000000000000000000000000000000000000000000000000000000000000000000000000

Global food demand is expected to increase by more
than 50 percent by 2050, while climate change and other
stressors such as soil degradation are expected to drive
crop productivity down (Stewart et al, 2020; Jagermyer
et al, 2021; van Dijk et al., 2021). Global overreliance on
the international trade of a few staple crops, including
maize, wheat, and rice, has led to systemic vulnerability,
especially as extreme weather increasingly causes crop
failures and reduced yields (Puma et al., 2015;
Rosenzweig et al, 2014).

Indigenous and traditional food crops (sometimes
referred to interchangeably as “neglected and
underutilized crop species”, “orphan crops”, “lost crops”,
and “forgotten crops”) can be well-adapted to local
conditions, and many are nutritious (Chivenge et al, 2015).
A portfolio of these crops is essential for regional food
security and can provide communities with a source of
local resilience in the face of changing weather patterns
(Mabhaudi et al, 2019; van Zonneveld et al, 2023). They
are particularly important in countries across Africa, many
of which are particularly vulnerable to the twin impacts of
climate change and land degradation processes such as
soil erosion (Tadele et al, 2019; Pravalie et al, 2021).

VACS refers to these traditional and underutilized crops
as “opportunity crops”. Opportunity crops are culturally
important and nutritionally complex, and have provided
rural farmers, and often women, with important sources
of nutrition and income, especially during lean seasons,
when access to more commercialized crops can be
limited (McMullin et al, 2019). Currently, these crops

are not incentivized by agricultural policies, and their
research and development, markets, value chains,

and seed and propagation systems are often woefully
underdeveloped (McMullin et al, 2021). Yet scaling up
investments in opportunity crops has the potential to
improve nutrition for families, enhance livelihoods,
safeguard biodiversity, decrease reliance on food imports,

reduce land degradation, and improve the efficiency of
inputs like fertilizer and irrigation systems—which, in turn,
can contribute towards lower greenhouse gas emissions
and more sustainable global food security (Akinola et al.,
2020; Kamenya et al., 2021; Vidigal et al., 2019).

The Vision for Adapted Crops and Soils (or “VACS")
brings together dedicated communities and individuals
from research, advocacy, and policy to shine a light on
opportunities that opportunity crops provide to build
more resilient and food systems. Scaling up production
and access to more diverse, climate-resilient crop variet-
ies that support good nutrition and better livelihoods is
a goal shared across national, regional, and international
communities. VACS has gained important visibility,
including from the U.S. Secretary of State, Antony
Blinken, which has galvanized further international
support. This report outlines the guiding concepts of the
VACS approach, provides an overview of the research
conducted as part of VACS through crop-modeling and
evidence synthesis approaches, and recommends areas
of focus for the movement going forward as well as ways
to engage in VACS.

5 Introduction
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The VACS Approach
Driving Impactful Research
and Development

Reaching climate, nutrition, and food security targets
requires increased and more effectively targeted
investments. Achieving this relies heavily on the extent
to which stakeholders at all levels are engaged in the
research and development (R&D) process (Faure et al.,
2020; Rosenzweig et al., 2021). The VACS approach
recognizes and values that agricultural and dietary
interventions should be context-specific, and that
implementation is most successful when interventions
are tailored to their social, political, and cultural environ-
ment, and integrated into existing farming systems.

To achieve its vision, VACS must be rooted in strong,
robust, and transparent evidence. VACS has brought
together a group of multidisciplinary technical experts to
develop a research agenda for Africa. The results of the
VACS research agenda will help to guide future invest-
ments by assessing multidisciplinary outcomes, resulting
in a policy approach directly informed by evidence.

The first step in formulating this research agenda was
to identify the African opportunity crops that were
determined to be most critical and promising for making
improvements to nutrition. Second, a subset of these
crops was analyzed under climate scenarios projected
to the year 2050 to assess their performance based on
nutrition, biophysical, and plant breeding potential. This
process has identified an initial list of promising oppor-
tunity crops, which can then be further assessed to
determine the barriers that affect their adoption, uptake
and scaling potential amongst farmers, consumers, and
other actors across the value chain. Working with local,
national and/or regional stakeholders to design targeted
interventions that address such barriers, and leverage
the unique strengths of these crops, will inform more
impactful investments.

As VACS moves towards implementation, working with
local organizations, local communities, the private

sector, and civil society will be critical to driving
impactful research. This includes collaborating with
farmers through participatory plant breeding processes,
engaging with consumers to identify desirable traits, and
working with communities to understand socioeconomic
and gender barriers and constraints to adoption and con-
sumption. VACS will work across the entire value chain
to build markets, processing capacity, and consumer
products for new varieties—especially since many oppor-
tunity crops have limited existing commercial presence.
Local engagement can help to drive an iterative process
that engages local communities and drives impact and
uptake of new varieties.

VACS promotes an integrated approach, emphasizing
the interdependence of soil fertility and health with
nutritious, climate-resilient agriculture, so that invest-
ments can be self-sustaining and increase returns year
after year. Interventions will be organized around a
cohesive, interdependent four-decision framework (see
Figure 1) that recognizes the complexity of decision
making involved in land use and agricultural manage-
ment. This framework aims to provide context-relevant
information for farmers, so that they can make informed
decisions about:

where to plant crops,

which crops to plant,

which management practices to
apply to their agricultural system,
and

how to apply these management
practices in localized contexts.

6 The VACS Approach
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Increased awareness of options and access to knowledge

will empower farmers, policymakers, agricultural extension
workers, plant breeders and crop improvement specialists,
and food suppliers to promote better nutrition now and for

future generations.

Figure 1 The VACS Approach To Driving Impactful Research And Development
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Activities to Date

VACS was launched in February 2023 in partnership
with the African Union (AU), the Food and Agriculture
Organization of the United Nations (FAO), and the Office
of Global Food Security at the U.S. State Department,
with an initial focus on the African continent.

VACS is a movement to champion nutritious,
climate-resilient crops by focusing on agricultural funda-
mentals—seeds and soils. VACS began with a two-phase
research initiative, starting with an identification of those
opportunity crops with the greatest potential to improve
nutrition in Africa. As part of that process, the FAO Food
and Nutrition Division compiled nutrient composition
data for an extensive list of underutilized crops in

Africa (Phase 1). As part of Phase 2, AgMIP developed
climate-crop models for a subset of these crops to
project how their productivity will fare under different
climate scenarios. Havos.ai used artificial intelligence
large-language models (LLMS), combined with expert
analysis from crop and plant scientists working through-
out Africa, to analyze current and historical research on
current barriers and potential facilitators for scaling up
these crops for the future. The crops modeled included
legumes, cereals, roots and tubers, nuts and oilseeds,
and fruits and vegetables, as well as trees used for food,
and ensured distribution of crops that are important
throughout the five regions of Africa for their consump-
tion, breeding potential, and contribution to improving
soil quality. The detailed results from the crop analysis—

the Opportunity Crop Profiles—can be found here.

The Opportunity Crop Profiles build the evidence base
for scaling investments in such crops in Africa, with

the goal of providing additional production options

for farmers and nutritious choices for consumers. This
analysis is not meant to be exhaustive or exclusionary of
other crops that hold potential; it is meant to serve as a
starting point for research, investment, and policymak-
ing. More refined analyses can be developed around a
particular social, political, market, and cultural context
and farming system.

AgMIP also implemented a Regional Integrated
Assessment (Antle et al., 2015) for a case study in
Navrongo, Ghana to model the impacts of incorporating
a selected opportunity crop into current production

systems. The climate-crop-economics modeling
approach assessed the potential adoption of cowpea
(Vigna unquiculata) and the associated socio-economic
impacts (e.g., changes in farm income and food insecu-
rity, etc.) under the current and future climate. This was
co-led by Roberto Valdivia (Oregon State University) and
Dilys MacCarthy (University of Ghana).

In addition to the evidence synthesis work in the oppor-
tunity crops profiles, Havos.ai and the Shamba Centre
for Food and Climate led three focus group workshops
with African public and private sector actors focused
on consumer demand and preferences for these crops.
A case study on fonio and other millets that combined
species distribution modeling and qualitative research
was coordinated by Havos.ai and co-led by Michel
Ghanem, CIRAD, and Greg Sixt, MIT FACT Alliance.

8 Activities to Date

Vision for Adapted Crops and Soils (VACS) Research in Action



Figure 2 Timeline of Major VACS Activities to date

February 1st, 2023
Launch of VACS at Center for
Strategic and International
Studies (Washington DC)

June 22, 2023

Focus group workshop:

How do private and public sector
organizations view opportunity crops?

July 19, 2023 October 10th, 2023
Focus group workshop: Focus group workshop:
What are the major policy Case study on market
and regulatory barriers facing demand for fonio

opportunity crops?

November 28-29th, 2023
Phase 2 Technical Convening
hosted by The Rockefeller
Foundation (New York City)

March 14, 2024
Summary Report

and Opportunity Crop
Profiles launch

February - May 2023

June — November 2023

Compilation of initial VACS crop list (~150 Crops) by U.S. DoS,
utilizing resources from AOCC and other African crops experts

Initial nutrient composition research by FAO Nutrition Division

Al-assisted mapping of 500,000 articles for workshop by Havos.ai

Group deliberation with
African crop experts

to identify ~60 most
promising crops

Group deliberation and
voting with African
crop experts to prioritize
non-exhaustive list for
climate-crop modeling

AgMIP climate-crop modeling for 24 crops

AgMIP Regional Integrated Assessment in Navrongo, Ghana

Havos.ai evidence synthesis network building and research

May 18-19th, 2023
Phase 1 Technical Convening
at FAO (Rome)

June 26th, 2023
Hybrid Convening

at AgMIP9 Global Workshop
(New York City)

9 Activities to Date
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September 20, 2023
High-level advocacy event
on the sidelines of UNGA,
with participation from U.S.
Secretary of State. (Pretoria)
(New York City)

October 10-12th, 2023
VACS evidence synthesis
research network launched
with 16 African scientists

December 1st, 2023
Secretary of State
announces financial
commitments from US

for VACS at COP28 (Dubai)
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VACS builds upon the substantial work that has already
been conducted on opportunity crops. This includes
efforts to identify, prioritize, promote, and evaluate
these crops, including the development of four lists

of opportunity crops that contributed to the Phase 1
review. The original compilation included all 101 crops
determined by a complex, multi-stakeholder survey
conducted by the AOCC and endorsed by the AU. We
also considered crops modeled by van Zonneveld et al.
in their 2023 publication and crops compiled in a review
by van Zonneveld et al. (2020), and crops reviewed by
Akinola et al. (2020). The process of selecting

an indicative list of 60 crops from the initial longer
list during Phase 1 is outlined in the VACS Phase 1
Workshop Report here.

Although there are numerous opportunity crops that
could have been included and could be candidates for
future work, this list serves as a starting point based on
a collaborative, multistakeholder process to determine
a key set of nutritious African opportunity crops. The
compilation of nutrition data was led by Bridget Holmes
and Fernanda Grande at the FAO Food and Nutrition
Division using available food composition tables. Climate-
crop modeling was led by co-led by Dilys MacCarthy
(University of Ghana), Jose Guarin (Columbia University)
and Meijian Yang (Columbia University) through AgMIP.
The analysis of crop barriers and use facilitators was

led by Jaron Porciello (Havos.ai) and Gracian Chimwaza
(ITOCA) as part of the Juno Evidence Alliance.

All this research was further analyzed and deliberated
through two technical convenings, the first in May 2023
at the headquarters of FAO in Rome and the second in
November 2023 at The Rockefeller Foundation in New
York City. These technical convenings engaged experts
from diverse organizations and disciplines, including
gene bank experts, agronomists, plant breeders, climate
scientists, soil scientists, nutrition experts, and agricul-
tural economists.

VNNNNNNNNNNNNNNNNNNNNNNNNNNNRRNNNRNNNNS

Although there are
numerous opportunity
crops that could have
been included and
could be candidates
for future work,

this list serves as a
starting point based
on a collaborative,
multistakeholder
process to determine
a key set of nutritious
African opportunity
Crops.
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Figure 3

Largest Decrease in Relative Yield Amongst Cereals

High Emissions scenario, 2050s

Largest Increase in Relative Yield Amongst Cereals

High Emissions scenario, 2050s

Legumes
@ None ® Maize
Tef @ Finger millet
@® Fonio @® sorghum
@ Pearl Millet

Largest projected relative decreases and increases in crop
productivity among cereals modeled by AgMIP, high
emissions scenario (SSP 3-7.0), 2050s (2035-2064 average)

relative to historic (1990-2019 average)

Research
Findings

/

Research presented in this report points to five major
high-level findings that can help guide implementation
for stakeholders across the VACS movement. We find that
investing in opportunity crops and healthier soils can:

‘ Create more climate-resilient local, national, and
regional agricultural systems;

‘ Encourage increased consumption of nutritious
foods that can contribute to healthy diets;

Distribute economic resources more equitably to
smallholder farmers;

‘ Increase biodiversity and create more food-secure
and resilient agricultural systems; and

Create opportunities for governments and institu-
tions to broaden their food system agendas.

13 Research Findings
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Finding 1

Opportunity crops can create more
climate-resilient local, national, and
regional agricultural systems.

AgMIP developed climate-crop models for 24 crops,

20 opportunity crops and 4 comparator crops to project
how their productivity may fare under a range of emis-
sions scenarios. The selection of which crops to model
was guided by a multi-stage consultative process with
African crop experts listed in the Annex of this report,
and based on a series of criteria that are articulated in the
VACS Phase 1 Workshop Report.

Figure 3 displays the combined yield change projections
for all the cereals that AgMIP has modeled to date. Crop
productivity was simulated only in areas where the crops
are currently grown. Preliminary results indicate that maize
is projected to decrease in productivity in most areas of
Africa and is projected to see the largest relative yield
losses of all cereals modeled. A variety of cereal crops

are projected to be significantly more climate-resilient
than maize across most areas of the continent. Pearl millet
projects to be a strong option in many regions across the
continent, including in Sahelian zones, with fonio being
particualrly resilient in West Africa, finger millet in East
Afirica, and sorghum showing potential in wide range of
geographies. Research results for all opportunity crops,
including combined results for each crop group, can be
found in the Opportunity Crop Profiles here.

For legumes, grass pea is projected to be particularly
resilient in parts of Eastern and Northern Africa, while
cowpea is poised to be a resilient option in many areas

of West and Central Africa (though less so deeper into

the Sahel), which is further confirmed by the integrated
assessment case study in Navrongo, Ghana on cowpea.
Bambara groundnut and pigeon pea display high resilience
in many areas across the continent, but their productivity
projections are highly dependent on local factors. For roots
and tubers, cassava is poised to perform well across the
continent in a high-emissions scenario, with taro proving

to be a promising option in Central Africa, and sweet
potato projecting to be a climate-resilient option in many
parts of Eastern Africa. For oilseeds, both groundnut and
sesame appear to be resilient under high emissions climate
change scenarios in most regions across the continent.

For vegetables, okra shows promise to be climate-resilient,
particularly in West Africa.

VNNNVVNNNNNNNNNNNNNNNNNNNNNNNNRRNNNNRNNNNS

A variety of cereal
crops are projected to
be significantly more
climate-resilient
than maize across
most areas of the
continent.

14 Research Findings
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Finding 2

Increased availability and access
to nutritious opportunity crops can
contribute to improving diets

Underutilized, uncultivated, wild, indigenous, traditional
or neglected crops— those that have been overlooked by
research, extension services and policy makers—are often
highly nutritious. Some lesser-known cultivars or wild
varieties of crops such as sweet potato, taro, cassava and
rice may even be superior in terms of micronutrient com-
position compared to more extensively utilized cultivars.
The difference in nutrient composition between neglected
and underutilized crops and their more dominant staple
varieties can vary widely. In some cases, the intake of one
variety versus another can be the difference between
adequate or inadequate consumption of a nutrient.

The Juno Evidence Alliance undertook an evidence
synthesis of existing, high-quality literature to explore
how opportunity crops—selected through a multi-stage
consultative process described above—contribute to a
range of interventions and outcomes relevant for both
nutrition and climate adaptation. Using a combination of
artificial intelligence and traditional evidence synthesis
approaches, 14 expert scientists working across Africa
reviewed thousands of research papers and identified
research containing high-quality empirical or experimental
results.

There is some evidence (Figure 4) to acknowledge how
opportunity crops contribute to some interventions

that may have an impact on diets. For example, crops
important in West Africa, such as orange-fleshed sweet
potato and cowpea, have been researched to understand
consumer demand for preferences including taste, color,
and texture (Gewa et al., 2019; Hotz et al., 2012; Low et
al., 2007, Chanadang et al., 2018, McMillan et al., 2022).
In addition, some of the opportunity crops, including
sorghum, finger millet, groundnut, and Bambara ground-
nut, are currently added to infant porridges, stews,
soups, and other commonly prepared foods, as part of
complementary feeding or school feeding programs
that in some cases assess impacts on nutritional growth
outcomes (Anitha et al., 2022; Banda et al., 2021; Bouis &
Saltzman, 2017; Delimont et al., 2017; Kpaka et al., 2022;
Kubuga et al., 2023).

However, the evidence on the role of opportunity crops
to support nutrition is limited. So, too, is the underlying
data supporting the nutrient composition of opportunity
crops, which is often unknown. A few national food
composition tables (FCT) have successfully incorpo-
rated data on underutilized foods or of different varieties
of the same crop in their publications. For example,

the Indian FCT (2017) lists 21 different brinjal varieties
(Solanum melongena) (Longvah, Thingnganing, et al.,
2017), and the West African FCT (2019) provides data for
minor crop species such as fonio, sorghum and pearl
millet (Vincent A, Grande F, Compaoré E, Amponsah
Annor G, Addy PA.et al. 2020). A key aspect to reinforce
the importance of such species is the knowledge of
their nutrient composition.

Using a combination

of artificial intelligence
and traditional evidence
synthesis approaches,

14 expert scientists
working across Africa
reviewed thousands of
research papers and iden-
tified research containing
high-quality empirical or
experimental results.
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Figure 4

Crop Intervention Facilitators
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Figure 4 is an intervention pathway highlighting select
opportunity crops (sweet potato, groundnut, cowpea,
Affrican eggplant, amaranth, sorghum, bambara groundnut,
moringa) across three interventions evaluated as part of the
evidence synthesis specific to food security and nutrition
outcomes. The three interventions are enrichment or
fortification, in which an opportunity crop is used to replace
or enhance the nutrient density of existing foods, such as
porridge. The second intervention, complementary feeding
or school feeding, highlights where opportunity crops are

provided to meet nutritional requirements for children under

five as well as school-age children. The third intervention

focuses on consumer preferences specific to taste, texture, and
color, primarily for children. Facilitators and barriers reported

in the literature are associated with each intervention in an
effort to give contextual information about ways to scale-up
support for interventions.

Fortifying cereals\with nutrient-dense
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Finding 3

Investing in opportunity crop development
can distribute economic resources more
equitably to smallholder farmers

Smallholder farms represent most of the farms across
Africa, and many of these farms already grow opportunity
crops for home consumption. Plant breeding investment
has historically focused on the most economically
important cash crops. As Figure 5 shows, a diverse range
of opportunity crops have been historically underinvested
in relative to benchmark crops, which are often grown on
higher quality land, and with more inputs than opportunity
crops. By rerouting investment into a range of opportunity
crops that are typically grown by smallholder farmers,
VACS presents an opportunity to enable less-resourced
communities— many of which are already vulnerable to
climate change— to benefit more directly from agricultural
development investments and reduce the large productiv-
ity gaps that have accumulated over the past decades.

Finding 4

Adopting a portfolio approach to the
introduction of opportunity crops can
increase biodiversity and create more
resilient and food-secure agricultural systems

Diversifying agricultural production systems is important
for addressing seasonal variations in local food availability,
improving nutrition, and supporting local biodiversity.
Several tools, such as the ‘food tree and crop portfolio’
approach, are available to help select suitable species for
diversification of local production systems across Africa.
This approach advocates cultivating a variety of eco-
logically suitable trees and complementary annual crop
species with different harvest seasons in one location,
ensuring year-round food sources and a stable supply of
critical micronutrients.

Emphasizing a portfolio approach to integrate opportunity
crops into farming systems offers a wider range of options
that can supplement staple-based food production and
deliver healthier diets in Africa under climate change. As
Figure 6 demonstrates—using a non-exhaustive list of
potential crops—tree foods and leafy vegetables can pro-
vide key sources of vital micronutrients, such as vitamins

A and C, iron, and folate, year-round. These are considered
significant in dietary diversification strategies due to their
often-scarce presence in staple-based production systems.

Figure 5 Annual growth rate
of yields, Last 50 years

Annual growth rate
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Annual growth rate of yields of Opportunity Crops vs.
Benchmark Crops in Africa over the last 50 years.

Source: Author’s computation based on FAOSTAT
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Figure 6 A site-specific food tree and crop portfolio for Chibale in Central Province in Zambia

Common Name
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Customized crop portfolios promote diversification

to provide micronutrients in staple-based systems,

with native and exotic species filling food harvest gaps
especially during lean season, and prioritize micronutrients
that are considered significant in dietary diversification
strategies due to their often-scarce presence in staple-based
production systems.
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Figure 7

Crop Pathway
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The evidence synthesis process reviewed more than 65,000
(phase 1) and 25,000 articles (phase 2) across the prioritized
crop lists. Of the 25,000 articles, ~250 articles presented
interventions and outcomes supported by high-quality original
research. The findings highlight there is no single intervention
or organization that will meet all the needs of an inclusive food
system. Instead, we encourage symbiotic partnership to reach
nutrition, climate, and food security targets.
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Finding 5

The VACS movement can create
opportunities for institutions to broaden
their food systems agendas

There is already an active and thriving ecosystem of
programs, research, and value chain development that
supports many opportunity crops (Figure 7). And while
there is more high-quality evidence and knowledge on
certain interventions and outcomes than others, the
breadth and depth of work underpinning opportunity
crops highlights a crucial message. There is no single
approach, organization, or intervention that will meet
all the needs of an inclusive food system. We need to
work together to reach nutrition, climate, and food
security targets.

There are some interventions that are critical to scale up
opportunity crops (McMullin et al., 2021). For example,
better decision making across agriculture requires signif-
icant investments in better evidence and data across the
food system (Lipper et al, 2020). Farmers and small-scale
producers adjust their behavior and investment decisions
in response to accurate data. The use of and reliance on
advisory and extension services (digital or otherwise) by
farmers looking to adopt better management practices

is high and contributes to a range of food systems
outcomes (Jerop et al., 2018, Ekepu et al., 2017). Although
governments collectively employ many extension workers
in low- and middle-income countries, the ratio of farmers
to extension workers frequently exceeds 1000 to 1in many
countries (Davis & Franzel, 2019). Extension workers will,
in turn, require upskilling to support the specific questions
of farmers on best practices to support opportunity crops.
As highlighted in Figure 4, some interventions such as
complementary and school feeding are already using

a range of opportunity crops (Hassanally et al., 2020;
Wineman et al., 2022, Chagomoka et al., 2015). Other
interventions, including agroforestry, intercropping, and
post-harvest technologies, are increasingly being called
up and studied to meet economic, environmental, and
social inclusion goals (Bado et al., 2021, Giné & Yang, 2007,
Fahmi 2018). One notable weakness in the research is a
lack of outcomes on women’s empowerment and inclu-
sivity; very few scientists are integrating these outcomes
and describing the findings within research and technical
papers on opportunity crops.

. -. : ‘
y il
M. i

There is no single
approach, organization,
or intervention that will
meet all the needs of an
inclusive food system. We
need to work together to
reach nutrition, climate,
and food security targets.
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Evidence-based Recommendations
from Early VACS Research

Data on opportunity crops are lacking. Investing in ade-
quate data and information systems for these crops will be
required to scale up investments, guide decision making, and
track performance in future years. Nevertheless, research
findings to date support ten key recommendations to create
the enabling environment for the VACS movement. While
this list is not meant to be exhaustive, these include broad
areas of interventions that should be prioritized and adapted
accordingly to each unique context.

Implementing and maintaining effective soil health
management practices requires a multifaceted approach.
Incorporating organic materials such as compost and

crop residues can significantly improve soil fertility and
structure. Additionally, adopting conservation agriculture
principles, which include minimal soil disturbance, main-
taining permanent soil cover, and implementing diversified
crop rotations, is crucial for sustainable soil health. These
practices are essential for maintaining soil biodiversity,
improving water retention, and reducing erosion.
Sensitivity tests conducted throughout the climate-crop
modeling process indicate that crop productivity is

highly sensitive to changes in soil parameters such as the
water-holding capacity of soil, which is critical for long-
term agricultural viability in arid and semi-arid regions.
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Investing in robust seed systems for opportunity crops

in Africa involves a multi-pronged approach, including
developing public-private partnerships that stabilize and
expand early generation seed production programs,
improving platforms for plant genetic resource (PGR)
distribution across the continent, and working with farmers
to ensure efforts are geared towards their unique needs

for distribution and adoption. Data in this report show that
opportunity crops consistently possess fewer plant genetic
resource samples in conservation systems compared to
major staples, highlighting the need for a concerted effort
in seed system development, including enhancing farmer-
to-farmer seed exchange mechanisms and engaging
small- and medium-sized seed companies.

Developing climate-resilient crops through plant
breeding is a complex task that involves identifying key
genetic traits for tolerance to extreme and fluctuating
weather and emerging pests and diseases. This requires
collaboration among geneticists, agronomists, crop
modelers, plant breeders, seed companies, and farmers
to ensure that new varieties are resilient, high-yielding,
and suitable for local needs. Breeding for drought- and
heat- tolerance should involve trait identification.
Moreover, consumers must be engaged in the process of
varietal selection to ensure that crops meet standards for
cooking, taste, nutrition, and other desirable traits. The
urgency for such programs is underscored by the yield
projections in this report, which show the increasing
vulnerability of many crops, with their current genetics,
to climate change. It is crucial that crop improvement
efforts do not neglect nutritional content in their effort to
develop higher yielding varieties..
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Crop diversification is a vital strategy for enhancing
climate resilience in agriculture, involving the intro-
duction of a variety of crops that can withstand different
climatic stresses and provide year-round nutrition.

This approach reduces dependency on a single crop
type, thereby mitigating risks associated with climate
variability and extreme weather events. Analysis in this
report shows that there are a wide range of opportunity
crops that are poised to yield well in a variety of local-
ized contexts, and which could be used to supplement
and bolster farming—systems that rely heavily on only
a few crops.

Investing in opportunity crops is a pathway towards
more equitable resource distribution for smallholder
farmers, often women, who are already the primary
growers and consumers of these crops. Economic
data analysis from this research effort indicates that
investments in opportunity crops rather than solely in
major staples can lead to more stable and sustainable
livelihoods for smallholder farmers, lowering poverty
rates, empowering women, and improving food and
nutrition security.
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Scaling up market opportunities and value chains
requires that nutritious crops are readily available
throughout the year, affordable, and available for use and
purchase by consumers, processors, and other mar-
ket-actors. School and complementary feeding programs
and nutrition education can be effective pathways to
mainstream opportunity crops as part of everyday life
(Figure 4). Strengthening these market opportunities to
facilitate access for farmers, community seed banks, mar-
ket processors, and retailers increases resiliency in local
food systems while simultaneously supporting economic
growth, nutrition, and food security for communities.

Opportunity crops are already a vibrant part of many
cultures and communities and are readily accepted

by millions of people as part of a healthy, sustainable
diet. Scaling up these crops to make them available

for purchase requires significant investments and
advancements in post-harvest processing technologies
and demand creation to ensure safe, affordable, and
in-demand foods (Figure 5).

25 Evidence-based Recommendations from Early VACS Research Vision for Adapted Crops and Soils (VACS) Research in Action



Advisory and extension services are the bedrock

for farmers and small-scale producers to adjust their
management and investment decisions in response

to accurate data. The use and reliance of advisory

and extension services by farmers is widespread and
nearly ubiquitous; as Havos.ai research shows in the
Opportunity Crop Profiles Report, the most common
barrier to implementing any interventions for opportunity
crops is extension and advisory services. Conversely,
these services act as a primary facilitator for farmer
adoption of new crops. And while these services are
helpful for all farmers and market actors, the evidence
shows that advisory and extension services are especially
effective for women when provided in collaboration with
women’s groups or cooperatives.

Consumer preference data and farmers’ knowledge

on best practices are essential for crop breeders, plant
scientists, and others in the research and development
community. Currently, public sector participatory research
methods to elicit farmer and consumer data, as well as
feedback channels on adoption rates of new crops, are
underdeveloped. Addressing this through improved
transparency, data systems, and coordination can produce
more inclusive, demand-driven varietal design and ensures
that the preferences and opinions of women farmers and
other traditionally marginalized communities are included.
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Strengthened policy and regulatory environments

are essential to scale up opportunity crops. Currently,
these crops are largely missing from global, continental,
and national agricultural policies. This excludes them
from investment and promotion initiatives, subsidy
programs, food safety regulation, regulation of plant
genetic resources, and agriculture extension services.
Improving national-level policies could potentially
provide greater diversity and availability of micronutrients
to populations and enhance overall diet quality. Creating
a robust enabling environment will require renewed
efforts of coordination and advocacy by local and
regional partners, with commensurate support by the
international community.

[Developing climate-
resilient crops] requires
collaboration among
geneticists, agronomists,
crop modelers, plant
breeders, seed companies,
and farmers to ensure that
new varieties are resilient,
high-yielding, and suitable
for local needs.
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How Can I Get Involved?

There are several ways for interested organizations and
institutions to become involved with VACS. VACS is a set
of ideas and principles adopted on a voluntary basis by
like-minded organizations. All organizations who take
VACS principles and adopt them into their work are part
of the VACS movement.

Multilateral institutions such as the CGIAR, FAO, and

the International Fund for Agricultural Development
(IFAD) have set up channels to receive contributions
from country donors and private sector partners to fund
activities and interventions to advance VACS objectives.
Host organizations will manage these funds, guided by
the VACS approach and research outputs of this report
and with advice from technical experts, country gov-
ernments, donors, civil society, implementing partners,
and VACS leaders (the African Union, FAOQ, and the U.S.
Government).

In addition to bilateral and multilateral donor-funded
programming that aligns with VACS, the VACS movement
also offers the VACS Champions Program and the VACS
Community of Practice as additional ways to get involved.
The VACS Champions Program recognizes private sector
and other non-governmental organizations for undertak-
ing projects committed to developing climate-adapted
nutritious crop varieties and building healthy, fertile soils.
Organizations identified as VACS Champions will be
publicly recognized and will be free to refer to themselves
publicly as such. VACS Champions is a self-certification
program. For contributing and implementing organi-
zation(s) to be considered for designation as a VACS
Champion, they must submit a pledge identifying their
project and indicating how the project advances one

or more of VACS' key objectives. These key objectives
include: accelerating plant breeding efforts and research
for a targeted set of nutritious, opportunity food crops

to deliver improved seeds to smallholder farmers;
reversing trends toward land degradation and nutrient
deficiencies in soils by increasing access to knowledge
and information at the farm and field level; and advancing
tailored demand-side solutions to support market
commercialization and scaled consumer adoption in

the regions of focus. For more information about how

to become a VACS Champion, please reach out to:
Globalfoodsecurity@state.gov.

The VACS Community of Practice aims to bring together
technical partners in strategic planning and implemen-
tation discussions for VACS through a series of virtual
discussions on various topics. It will provide a discussion
forum centered on themes and projects related to VACS
priorities. The Community of Practice is open to all who
are interested; please reach out to Globalfoodsecurity@
state.gov if you would like to join the mailing list.

Please check the website of the Office of Global Food
Security at the State Department and the LinkedIn page
for Special Envoy for Global Food Security Dr. Cary
Fowler for updates and more information on VACS.

You can also reach out to Globalfoodsecurity@state.gov
with any questions.

VACS is a set of ideas and
principles adopted on a
voluntary basis by like-
minded organizations.
All organizations who
take VACS principles and
adopt them into their
work are part of the VACS
movement.
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