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PREFACE AND ACKNOWLEDGMENTS

Today we are confronted with two major paradoxes globally — the persistence of
hunger in the midst of an impressive technological capacity to grow more food;
and the narrowing of crop diversity within global food systems in the face of a
fast-growing world population. Both conditions call for urgent actions to ensure
a world without hunger.

Agriculture is the mother of nutrition security. It is believed that agriculture
or settled cultivation began over 12,000 years ago with women growing crops of
importance to life on earth. Yet, over time, the importance of genetic variability
was not given adequate recognition, leading to an over-reliance on a few crops
such as rice, wheat and maize. Not only has this resulted in a large number of
plants becoming extinct, but it has also put the food and nutrition security of
the poor and marginalized, dependent on a range of crop species, at risk. With a
focus on the standardization of production systems, not only are species lost, but
so are markets — national and international — as is research interest in improving
the productivity of these crops. This is why planned initiatives for the conserva-
tion, cultivation, consumption and commerce of genetic resources are important.

Maintaining the genetic diversity of crops is even more critical in today’s con-
text of climate change. Itis, in fact, the dynamic maintenance of agrobiodiversity
operated by farmers in situ/on farm that could help make our food systems more
resilient. Whereas the world can feel relatively comforted by the 1,450 gene
banks that have been built to safeguard crop diversity — including the Svalbard
Vault in Norway — much more needs to be done to map, collect, characterize,
document and evaluate the thousands of orphan and underutilized crops, today
just marginally conserved in gene banks, but whose survival is thanks to the
laborious work of millions of farming communities around the world, a service
done for the public good — but at their own personal cost! In that regard, the
work pursued by the M.S. Swaminathan Research Foundation and other NGOs
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in building capacities of farmers in conserving local crop needs should be en-
couraged and supported.

Given the scarcity of land, we must recognize that ensuring food security can-
not be addressed by expanding land available for agricultural activities. We need
to embrace a different paradigm that, while using less land, can provide more
food from crops that are better adapted to climate change. At the same time, we
need to do more to safeguard biodiversity so as to kee foodscapes healthy and
productive; reduce the depletion of finite resources like water and soil; promote
equitable, gender-inclusive food systems and foster greater synergy between sci-
entific and indigenous knowledge. The role of women in feeding the planet
needs to be better recognized and supported.

One of the great achievements of science was the development of our ability
to describe the genomic structure of major crop species and their wild relatives,
which has provided a wealth of information useful for increasing both crop pro-
duction and productivity. However, what we are witnessing now is that yields
of major crops are reaching a plateau that may not be easy to overcome. More
innovative solutions are needed to address the yield bottleneck. Leveraging agro-
biodiversity to grow more and diverse nutritious food in difficult areas with
poor soil and challenging climatic conditions should receive greater attention.
This is not new to us, since risk-aversion practices have always guided gener-
ations of farmers who have been growing different crop and varietal mixes to
buffer against shocks. Farming families have often been motivated by a desire
to minimize risks, not just maximize profits; hence, the wisdom underlying the
decisions to balance subsistence and market motivations needs to be recovered.

In fact, significant progress in agronomic research and the adoption of systems
approaches have shown the many benefits that biodiversity-based practices can
bring about in challenging conditions, not just to the environment, but equally
to ensuring the food and nutrition security of local communities. Crops consid-
ered ‘orphan, underutilized and neglected’ are all extremely valuable as not only
are they often more nutritious than the major cereals, but also tend to need less
water and are more tolerant of high temperatures and grow better in difficult
climatic conditions.

I have stressed, on various occasions, the disparities in access to technology
that we are witnessing today. Despite the many exciting developments — be it in
digital and precision agriculture, biotechnologies or ecotechnologies — we still
register what I describe as a ‘technological apartheid’, which is contributing to
‘orphan crops remaining orphans’ in relation to the choice of research areas for
their use enhancement. A good example is the case of technology for processing
minor millets, which until recently was hardly accessible for rural households,
discouraging the consumption of these nutritious foods where they are most
needed.

Back in 1968, I warned that if all locally adapted crop varieties were replaced
with one or two high-yielding strains, it could lead to serious damage from
pests, pathogens and weeds, contributing to the making of major agricultural
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and ecological disasters. Fifty years later, I believe we still face such a risk, and
the diversification of crops and varieties in production systems has become even
more critical to safeguarding our future. This is one reason why I emphasized
the need for a new “ever-green revolution” guided by diverse nutritious crops
to strengthen our diets, ones that would require less water and fewer chemicals
and would be able to grow in periods of change. Orphan crops will be a big part
of this revolution I am advocating. In October 2018, I proposed to the UN’s
Committee on Food Security that we have a year devoted to promoting these
crops, to try and revive them by revitalizing markets, research and the culinary
tradition that used them.

Very important here is the need to ensure farmers’ engagement and, indeed,
their food sovereignty. Unfortunately, while the concept of farmers’ rights is
widely discussed in national and international fora, its practical application re-
mains largely inadequate. The international community should be made more
aware of the fact that the loss of every gene and species limits our options for a
secure future, particularly in the context of climate change and related unfore-
seen shocks.

This book covers many of the issues hindering the successful promotion of
orphan crops in India and around the world. Minor millets are the leitmotif of
this publication and are leveraged as an example to describe the needs, chal-
lenges and opportunities in bringing to scale the cultivations of orphan crops.
More than 20 years ago, at an FAO conference, I pleaded that we should refer
to millets as ‘nutri-rich and climate smart’ food grains. I felt that the change
in the terminology being used to refer to these crops was much needed. It is
heartening to acknowledge that the Indian government has taken a great step
in including millets in the public distribution system under the 2013 National
Food Security Act — a testimony to the fact that millets are no longer perceived
as inferior foods.

The book covers numerous aspects related to the promotion of underuti-
lized crops, including participatory approaches, methods and tools for their use
enhancement, conservation methods, market analyses and promotional strate-
gies and policy needs for their mainstreaming. Cross-cutting issues like gender,
capacity-building and empowerment of vulnerable groups are also covered.
Representatives from various local communities and the private sector also share
their reflections and perspectives on the wider use of these crops, as do several in-
ternational agencies. I would like to acknowledge and thank them for supporting
numerous projects to advance the agenda of ‘NUS’ around the world.

Several chapters focusing on millets have been developed from talks delivered
at the international conference on this theme that took place in April 2018 in
Chennai, India. These have been complemented by additional studies focusing
on other representative orphan crops from around the world. I believe that, to-
gether, these contributions will enrich the socio-cultural perspectives and the
R&D outlook for the future of these crops to help build more inclusive and
sustainable food systems.



xxvi Preface and acknowledgments

The book is the result of a successful close cooperation between the M.S.
Swaminathan Research Foundation (MSSRF) and Bioversity International (now
The Alliance of Bioversity International and CIAT), an organization whose es-
tablishment I had the honor of contributing to some 46 years ago and whose
mission I still see as being of high strategic value to the world.

We trust that such a publication will be of great use to students and scholars,
practitioners and stakeholders, including policymakers involved in building more
resilient food and production systems. I also believe that some of the insights in
this book could contribute towards building farming systems for nutrition, a
concept that signifies bringing agriculture, nutrition and health into a sustainable
public-health management system.

I wish to thank Stefano Padulosi, Israel Oliver King and Danny Hunter for
their invaluable ideas in conceiving and bringing this book to reality. Their highly
committed compiling and editing efforts are much appreciated. I join them in
expressing a special thanks to the Indo-Swiss Collaboration in Biotechnology —
ISCB, Switzerland, for their financial contribution in support of this publication.
Many are those organizations that have been supporting NUS projects around
the world, leading to invaluable discoveries and lessons, now shared through this
book. While acknowledging their support in each respective chapter, the other
editors and I would like to convey our sincere gratitude to them for champion-
ing the NUS agenda at the national and international levels. I hope this book
will be an inspiration to many others in further strengthening ongoing efforts
for bringing NUS back to full fruition, for the benefit of current and future
generations.

Prof. M.S Swaminathan
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NUS

What they are and why we need
them more than ever

Stefano Padulosi, Gennifer Meldrum,
E.D. Israel Oliver King and Danny Hunter

Introduction

Agricultural biodiversity represents a strategic resource in ensuring food and
nutrition security for humankind (Thrupp, 2000; Frison et al., 2006; Bioversity
International, 2017). It keeps us healthy, as diets with poor biodiversity often
lack crucial vitamins and micronutrients and are associated with diet-related
non-communicable diseases (diabetes, heart attacks, overweight, obesity and
cancer), which are a leading cause of death at the global level (Branca et al.,
2019). Diversity on our plate is of paramount importance to everybody, and
making sure this diversity is safeguarded and promoted should receive the utmost
attention of decision makers, both at the national and the international level.
The period of intense agricultural growth from the early 1960s to mid-1980s,
known as the Green Revolution, was characterized by an unprecedented expansion
in the production of staple crops through the development of high-yielding varieties
(HYV). The Green Revolution contributed to a reduction of poverty. An increase
of approximately 15% in per capita GDP as a result of a 10% use increase of the
HYV in the period 1960—-2000 was observed, with an associated reduction of food
insecurity for billions of people, and an estimated 18—27 million hectares of natural
ecosystems safeguarded from being converted to agricultural land (Hazell, 2003;
FAOQ, 2011; Pingali, 2012; Stevenson et al., 2013; Gollin et al., 2018). Among the
key players of the Green Revolution were the international agricultural research
centers of the CGIAR Consortium, responsible for the development of HY Vs of
major staples—mostly cereals—whose production more than doubled in developing
nations between the years 1961 and 1985 (Tribe, 1994; Conway, 1998). Unfortu-
nately, this success came with a heavy cost to the environment (e.g., in the loss of
wild and cultivated biodiversity, water scarcity, increased crop vulnerability to pests
and diseases and loss of soil fertility), and caused a deterioration in human nutrition
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(e.g., with essential amino acid deficiencies and a general lack of balanced essential
fatty acids, vitamins and minerals from cereal-dominated diets), as well as increased
health hazards from the widespread use of pesticides. This period also brought about
socio-political instabilities (e.g., rural-urban migration of farmers unable to afford
introduced technologies, as well as social conflicts and marginalization) (Jennings,
1988; Fowler and Mooney, 1990; Pingali, 2012).

The greater availability of calories resulting from the Green Revolution’s ef-
forts has not represented an escape from hunger for millions of people, as HYV
have been scarcely adopted in Africa, for instance, and the narrow crop diver-
sity has led to food systems simplification, reducing options for healthy diets
(Mooney and Fowler, 1990; Vanhaute, 2011; Willett et al., 2019). Nearly one
in three people globally are still afflicted by malnutrition—a situation predicted
to worsen in coming years based on current trends (FAO et al., 2018; UNSCN,
2018).

The diversity reductionist approach followed by the Green Revolution has
influenced the way agricultural development strategies and programs have been
developed in every country for decades. This approach continues to have an
influence today at different levels; however, it is increasingly questioned and less
accepted, with urgent calls for a global transformation of the food system grow-
ing (Schutter and Vanloueren, 2011).

As we tackle the ambitious Sustainable Development Goal 2 (SDG2) of
achieving ‘zero hunger’ by 2030, we are faced with the disturbing paradox that
is hindering our efforts: of the 5,000 food crops estimated to exist worldwide,
global food systems are dominated by just three (rice, wheat and maize), which
provide half the world’s plant-derived calories (FAO, 2015; Willis, 2017). An
incredible wealth of nutritious crops, and other wild edible food plants, is largely
overlooked in our battle to produce food and tackle malnutrition, and this is hap-
pening now when the need for diversification of production and food systems has
never been greater. Crop uniformity and standardization of agricultural fields are
causing food systems to be enormously vulnerable to climate change, reducing
farmers’ capacity to absorb shocks and leaving consumers with fewer choices for
nutritious and healthy diets (Padulosi et al., 2019). Those thousands of nutritious
plant species left behind by the Green Revolution, which we call ‘neglected and
underutilized species’ (NUS), represent a unique treasure for humanity that must
be recovered from their state of neglect and must be mobilized to fuel a truly
evergreen agricultural revolution (Swaminathan, 1996, 2020).

NUS: beyond a definition

Neglected and underutilized species have become a popular topic lately, both in
public debates and scientific papers. Different terminologies (orphan, forgotten,
lost, alternative, minor, novel, local, traditional, etc.) are interchangeably used
to refer to these species, creating confusion among researchers and development
practitioners. It is one of the aims of this book to dispel this confusion. NUS is a
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terminology subject to different interpretations, reflecting people’s own cultural
background and sensitivity, and we hope to put everybody on the same level of
understanding through the following observations.

In simple words, NUS are plant species that—although appreciated at local
level—are forgotten, abandoned or rarely explored by researchers and other ag-
riculture and food systems R&D actors, for various reasons (e.g., low economic
competitiveness; lack of improved seed, adequate cultivation practices, or pro-
cessing technologies and reduced consumer appeal). They include wild, semi
or fully domesticated plants from different food plant groups (including cereals,
vegetables, legumes, roots and tubers, fruits, nuts, spices, etc.), diverse growth
forms (herbs, shrubs, vines, trees, etc.) and life cycles (annual, biennial, peren-
nial) (Padulosi et al., 2018). Although this book focuses solely on food plants,
we should point out that NUS as a concept may well refer to other species too
(plants or animals), as exemplified by the growing interest in the use of insects
as a source of sustainable and cheap proteins for food and feed (van Huis et al.,
2013; Dickie et al., 2019).

The reduced use of NUS over time has led to the loss of both their genetic
diversity and a wealth of traditional practices and associated knowledge that was
developed by generations of traditional farmers for managing sustainable harvests
(if occurring wild), cultivation, processing and preparation. Also contributing to
this marginalization is the widespread perception, registered particularly among
younger consumers, that NUS are the legacy of backwardness and hardship of
traditional rural societies, the food of the poor, and should therefore be aban-
doned (Durst and Nomindelger, 2014; Padulosi et al., 2019).

The term ‘neglected and underutilized species” was first conceived by IP-
GRI (the predecessor of Bioversity) in the late 1990s (Eyzaguirre et al., 1999).
The reason why this term was chosen relates to its usefulness in conveying two
key messages upfront: firstly, the status of neglect by research and development
efforts of these traditional resources; and secondly, the status of underuse in re-
lation to the multiple benefits they can bring to improving nutrition and health,
livelihoods, the environment and biodiversity conservation, if better harnessed
by society. Furthermore, the use of the word ‘species’ instead of ‘crops’, was also
preferred in reminding people that NUS do encompass both naturally occurring
species that are harvested in the wild and domesticated species. Lastly, the word
‘neglected’ is useful for evoking in our narratives those millions of ‘neglected’
people (vulnerable groups, marginalized members of society), who rely on NUS
for their livelihood and for whom the improvement of these resources, to which
they are culturally connected, represents an opportunity of economic growth,
empowerment and reaffirmation of identity.

The term ‘orphan crops’, present also in the title of this book, is often used in-
terchangeably with NUS, though the latter is broader in scope as it includes both
wild and cultivated species that may not immediately convey the messages with
the same intensity described in Box 1.1. For more reflections on the semantics of
the term NUS, the reader can refer to Padulosi et al. (2004, 2008).
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Box 1.1 Short description of NUS and other similar terms
commonly found in literature

Term

Description Source

Neglected

crops

NUS

Orphan crops

“Neglected crops are those grown primarily in their centres TPGRI,

of origin by traditional farmers, where they are still 2002
important for the subsistence of local communities.

Some species may be widely distributed around the

world but tend to occupy special niches in the local

ecology and in local production and consumption

systems. While these crops continue to be maintained

by sociocultural preferences and the ways they are used,

they remain inadequately documented and neglected by

formal research and conservation”.

“Acronym standing for Neglected and Underutilized Padulosi et

Species and applied to useful plant species which are al., 2013
marginalized, if not entirely ignored, by researchers,
breeders and policy makers; they belong to a large,
biodiverse group of thousands of domesticated, semi-
domesticated or wild species; they may be locally
adapted minor crops as well as non-timber forest
species. The ‘NUS’ term is a fluid one, as when a
crop is simultaneously a well-established major crop
in one country and a neglected minor crop in another.
NUS tend to be managed with traditional systems,
use informal seed sources and involve a strong gender
element”. In a wider sense, the term NUS also
could be used to refer to animal species.

“Orphan crops are defined as crops that have either Mabhaudhi
originated in a geographic location or those that have et al.,
become ‘indigenized’ over many years (> 10 decades) 2019.

of cultivation as well as natural and farmer selection
(Dawson et al., 2007). The term ‘orphan’ has often
been used to refer to crops that may have originated
elsewhere, but have undergone extensive domestication
locally, thus giving rise to local variations, i.e.,
‘naturalized/indigenized crops’ (Mabhaudhi et al.,

2017)”,
Underutilized “Underutilized crops were once grown more widely or IPGRI,
crops intensively but are falling into disuse for a variety of 2002

agronomic, genetic, economic and cultural reasons.
Farmers and consumers are using these crops less
because they are in some way not competitive with
other species in the same agricultural environment. The
decline of these crops may erode the genetic base and
prevent distinctive and valuable traits being used in
crop adaptation and improvement”.
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Beyond the terminology used, the best way to describe NUS is to refer to
their key characteristics, which can be helpful in identifying the common lim-
itations behind their marginalization as well as the multiple useful traits that
can be leveraged for their promotion. Box 1.2 provides a list of these recurrent
features that we have been documenting around the world, during our work
focusing on the use enhancement of NUS. In fact, such a list of features could
be well considered a ‘terms of reference’ for a shared comprehension of NUS
by workers.

Referring to these key features of NUS is useful in making a clear distinc-
tion between NUS and landraces of major crops (e.g., local varieties of wheat,
rice or beans), whose status of neglect and underuse is also recorded in many
countries. Our position is that these varieties should not be considered NUS,
because their status can be improved by leveraging the vast network of research
focusing on major crops that already exists in most countries. The growing interest
on NUS by the research community and development practitioners (and hope-
fully accompanied by much needed funding!) should, therefore, strategically
be used to tackle the promotion of NUS ‘sensu stricto’ instead of being used
for underutilized varieties of major crops for which the R&D infrastructure
already exists.

Box 1.2 Key features of neglected and underutilized
species (from Padulosi et al., 2019—modified)

e Low competitiveness: little R&D investment has left NUS behind in terms
of advances in their conservation, cultivation, harvest, postharvest, mar-
ketability, nutritional profiles, gender, policies and legal frameworks.

e Relevant only to local consumption and production systems: being intimately
linked to local food cultures, NUS are used in traditional food prepara-
tions and are associated with social and religious ceremonies and rituals.

e Adapted to agroecological niches and marginal areas: NUS often
demonstrate comparative advantages over commercial crops due to
natural selection or selection carried out by local growers against biotic
and abiotic stresses, which makes them perform comparatively better
under low input and biological agriculture techniques.

®  Resilient to climate change: compared with commodity crops, NUS are
perceived by local growers as highly adapted to biotic and abiotic
stresses related to climate change, something that is being increasingly
confirmed by scientific research.

e Represented by ecotypes or landraces: owing to the poor attention received
from breeders, they are often represented by germplasm material that is
not performing so well, requiring some degree of genetic improvement—a
fact that hinders their competitiveness in production systems.
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® Rich in traditional knowledge: in view of the ongoing cultural erosion
affecting traditional societies, associated knowledge on NUS is being
rapidly lost, which, in turn, leads to the loss of genetic diversity and
continued opportunities for appreciation by consumers, especially the
younger generation.

e Poorly represented in ex situ gene banks: their genetic diversity is maintained
largely in situ and on-farm and (possibly) in private seed collections (e.g.,
the one maintained by the Baker Creek Heirloom Seeds Company?) or
community seed banks (such as those maintained by MSSRF in south
India3).

e Characterized by poorly developed or non-existent seed supply systems: in-
ferior quality of seed that has a negative impact on their performance
in cultivation.

e Highly relevant in Indigenous Peoples’ societies: for Indigenous communi-
ties, NUS are the result of sophisticated trials and accumulation of expe-
rience over many centuries and generations: they are a manifestation of
a systematic process that involved intricate ways of learning and accu-
mulating experience (Padulosi et al., 2019).

e Multi-functionality and multiple benefits: they are often able to provide
people with not just nutritious food, but also valuable non-food products
and ecosystem services. Excellent examples of such multi-functionality
can be found in Bambara groundnut, chaya or minor millets that are
presented in the chapters in this book.

With regard to how many NUS exist at the global level, we can safely say
that taking into account both wild and cultivated species, the number is in the
order of thousands (Padulosi et al., 2018). In fact, most of the estimated 5,000
cultivated food crops recently recorded as existing (RBG Kew, 2016; Ulian et al.,
2020) are in some state of marginalization. For instance, in the case of cultivated
vegetables, within the family Leguminosae, there are an estimated 23,000 spe-
cies (Plant List, 2020), of which some 653 have been cultivated (Khoshbakht and
Hammer, 2008). Taking as an example the 127 species of cultivated vegetables
belonging to this family, the majority have been found to be neglected, based on
three key indicators viz. (a) number of records in Google Scholar as indicator of
research effort devoted to the species, (b) number of accessions maintained in ex
situ germplasm collections worldwide and (c) production data from the FAO’s
FAOSTAT, an indicator of knowledge on species distribution and production
levels (Meldrum et al., 2018). Similarly, in the family Compositae the numbers
are as follows: of its 27,000 species, 284 are cultivated plants, of which 85 vege-
tables are also largely neglected.

Further complications in a shared understanding of NUS may arise also from
the fact that some species that are clearly underutilized in one country are, on the
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contrary, very popular in another. This is the case for the cereal tef, (Eragrostis tef),
a staple food in Ethiopia, that is hardly consumed outside the country, except in
small amounts primarily by the Ethiopian diaspora. The opposite case is that of
quinoa (Chenopodium quinoa), which was an underutilized crop until a few years
ago, when it started to spread from the Andean region across all continents to be-
come a global commodity (Bazile et al., 2016). The spicy rocket (collective name
for Eruca sativa and Diplotaxis spp. originating from the Mediterranean/Central
Asia) was another typical underutilized vegetable until the early 1990s (Padulosi
et al., 2008); yet, today it is being cultivated on all continents, with 400,000 tons/
year produced in a small area near Salerno (“Piana del Sele”’) in south Italy alone,
representing 73% of the entire Italian production (Pignataro, 2019).

The status of NUS nowadays changes rapidly (for better or for worse) and it
becomes hard to keep track of these changes in a consistent manner. What we
see today, is very often a ‘mosaic’ situation, with a crop being popular in one
country (or region) and highly marginalized in others. Such a scenario poses
great challenges to workers engaged in setting priorities for choosing the ‘best’
NUS to support agricultural development programs. In our opinion, more than
a silver bullet, what the world really needs today are portfolios of ‘silver baskets’
of NUS diversity to meet the various needs of consumers from different socioec-
onomic and cultural backgrounds across regions and countries. The reader may
find more on priority-setting approaches for NUS in Chapters 2, 9, 13 of this
volume, and in the wider scientific literature (Padulosi, 1999a,b; Hunter et al.,
2019, 2020; Ulian et al., 2020, and references therein).

Importance of NUS

The chapters in Part I provide several examples of benefits associated with the
use enhancement of emblematic NUS from India and other regions of the world.
An overview of livelihood benefits arising from the use enhancement of NUS
can be also found in the works of Ravi et al. (2010), Padulosi et al. (2011, 2013),
Massawe et al. (2015), Mabhaudhi et al. (2019) and Raneri et al. (2019).

In Table 1.1, we have summarized the wide range of the benefits associated
with NUS and compare these to similar ones that can be obtained from commod-
ity crops. As can be appreciated, benefits from the wider cultivation and use of
NUS far outweigh those associated with commodity crops. Research investment
is urgently needed to translate these potential benefits into concrete realities by
providing high-quality seed, refined cultivation practices, more efficient process-
ing technologies, marketing that is more efficient, etc. It is worth stressing—as
mentioned by Professor Swaminathan in his foreword to this book—that our
societies are well equipped to address the bottlenecks hindering the use of NUS;
what is most needed is the political will to leverage the enormous technology
and expertise accumulated from working on commodity crops, to benefit of the
NUS cause (see also Chapters 3, 13 and 17 for more on mainstreaming needs and
opportunities).
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Consistent with this long list of benefits is that NUS can be powerful levers
in support of important activities framed in the context of International Treaties
and Agreements, such as those of the UN’s Sustainable Development Goals (for
example SDGs 2, 7, 12, 13, 15 and 17, the Aichi Biodiversity Target 13, Activity
11 [and others as well] of the FAO Second Global Plan of Action on PGRFA,° the
IFAD Action Plans on Mainstreaming Nutrition’ 2019-2025, the IFAD Rural
Youth Action Plan 20192021 and IFAD Strategy and Action Plan on Envi-
ronment and Climate Change 2019-2025"). Interesting to note is that in 2014,
at the Second International Conference on Nutrition (ICN2), member states
acknowledged the key role played by diversified and sustainable diets, including
traditional foods such as NUS, in reducing malnutrition'’ (see the UNSCN’s
commentary provided in Chapter 31).

With regard to climate change, one of the most interesting examples of the
drought-escaping capacity of NUS in stress-avoiding strategies comes from mi-
nor millets and in particular from barnyard millet (Echinochloa colona), whose
grains can reach maturity just 45 days after sowing (Hulse et al., 1980), and hence
represent ideal crops in areas with very short rainy seasons. Minor millets can
produce a reasonable harvest with only about 10% of the water required to grow
rice, which makes them an ideal (and cheap) alternative source of carbohydrates
and other important micronutrients for areas like South Asia, which are suffering
from climate change and where the cultivation of rice is increasingly challenged
(Padulosi et al., 2009). Similarly, the highly nutritious tepary bean (Phaseolus
acutifolius)—which completes its reproductive cycle rapidly and thus avoids sub-
sequent drought (Nabhan, 1990)—is able to produce mature beans in just 60 days
(Wolf, 2018). This legume is a precious source of protein, especially in Central
America, where the crop used to be popular in the past and where it could
help counteract the decline in common bean production as a result of recurrent
droughts (Bioversity International, 2018). Cafiahua (Chenopodium pallidicaule), a
close relative of quinoa, is a very nutritious and hardy crop but its fate has been
very different from that of the popularity of quinoa. In fact, cafiahua is capable
of withstanding cold stresses, a trait not present in quinoa and one that makes
it much desired by local farmers who are experiencing more frequent morning
frosts around Lake Titicaca in Bolivia and Peru. Unfortunately, the abandonment
of this crop by farmers, who replaced it with the more remunerative quinoa, has
led to the disappearance of its germplasm, making its re-introduction to farming
communities hard to realize (Bioversity International, 2017).

Supporting evidence also exists in the literature for the risk-avoidance prac-
tices adopted by small-scale farmers in areas where the crop diversity of NUS
is particularly high (Altieri, 1987; Holt-Gimenez, 2006). An example of mixed
production systems in which farmers can harness the multiple and comple-
mentary benefits (agronomic, economic, social) from NUS to mitigate harvest
failures due to climate change (Mijatovic et al., 2019) is that of the ‘baranaja’
mixed cropping system. This farming practice, used in the Garhwal region of
the state of Uttarakhand in India, involves sowing 12 or more crops on the same
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plot, including various types of beans, grains and millets, and harvesting them at
different times (Ghosh and Dhyani, 2004). Several of these crops are NUS and
such practices help farmers make the best use of limited land, save on the cost of
chemical fertilizers through the N-fixing capacity of some species and make use
of enhancing soil capacities and different maturity times of crops to help secure
a regular and nutritious supply of foods to households.

Other NUS that are often mentioned in the literature for their drought
tolerance/adaptation include the baobab (Adansonia digitata), pigeon pea (Cajanus
cajan), jute mallow (Corchorus olitorius), chaya (Cnidoscolus aconitifolius), fonio
(Digitaria exilis), moringa (Moringa oleifera), tepary bean (Phaseolus acutifolius),
Bambara groundnut (Vigna subterranea), jujube (Ziziphus mauritania), strawberry
tree (Arbutus spp.), marula (Sclerocarya birrea), amaranth (Amaranthus spp.) and grass
pea (Lathyrus sativus) (Padulosi et al., 2011).

From a nutritional point of view, it is very important to highlight that NUS
have similar or sometimes remarkably higher nutritional profiles than those
found in commodity crops (Hunter et al., 2019). Considering that the 51 essential
nutrients needed for sustaining human life (Graham et al., 2007) cannot be found
easily in the few staple crops feeding the world today, we can make a strong case
for the theory that the vast NUS portfolio that fortunately still exists at local level
is a strategic source of vital nutrients in the fight against malnutrition (Raneri
et al., 2019). The diversity of NUS can be a source of essential nutrients year
round and, at the same time, can make peoples’ meals more delicious, tastier and
more enjoyable. More NUS diversity on the plate helps people of different age
groups better meet their own nutritional needs, and can allow the fulfillment of
individual health requirements and food preferences. Interestingly, 10 of the 17
essential micronutrients and 13 (out of 13) vitamins can be found in fruits and
vegetables, a category of crops represented by thousands of species that are today
largely underutilized.

Furthermore, whereas affluent people nowadays have the privilege of accessing
food originating from all parts of the world on supermarket shelves at any time
of the year, for the majority of the world’s population such a privilege is largely
denied. It is a fact that for most people living in vulnerable areas of sub-Saharan
Africa or Asia, food security is largely dependent on crops grown locally. Due to
the shrinking of the food basket that these areas are seeing, local populations are
more vulnerable to the so-called lean season, the period preceding the harvest of
main staples during which households have often exhausted their household food
reserves. In this regard, our research in Mali, India and Guatemala has discovered
that several local NUS (wild and cultivated) that are currently scarcely used due
to low awareness of their nutritional values, lack of seed or other constraints can
be revitalized and become helpful allies in fighting food insecurity during the
lean season (Lochetti et al., 2020). More on the seasonal calendars developed to
guide local populations in managing this untapped diversity is provided in Chap-
ter 14, whereas a more extensive articulation of NUS and nutrition-sensitive
agriculture is provided in Chapter 3.
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As stressed previously, the promotion of NUS can be leveraged to support the
empowerment of local communities, because it is in those areas—inhabited espe-
cially by Indigenous Peoples—that a great diversity of NUS is found. Agricultural
systems in Indigenous Peoples’ territories have not been subjected to intensive
cultivation practices and local communities living there have been safeguarding
a great amount of diversity compared to other societies (IFAD, 2019; Singh and
Rana, 2020). The intimate link between NUS and local communities, whose
own identity is quite dependent on these foods, offers an opportunity for the
revitalization of the gastronomic culture through, for instance, agritourism
approaches as practiced in depressed areas of Lake Titicaca by Bioversity and its
partners in the mid-2000s (Taranto and Padulosi, 2009).

Conclusion

As noted in previous publications (Eyzaguirre et al., 1999; Padulosi et al., 2013;
Hunter et al., 2019; Borelli et al., 2020; Hunter et al., 2020), NUS are often
called ‘minor’ crops in view of the fact that their production volume is much
lower compared to that of ‘major’ crops (commodities or staples). In terms of
their multiple livelihood and other benefits, NUS are not minor at all and, hence,
call for more robust and consistent actions by decision makers for their recogni-
tion and promotion.

Tapping the portfolio of an estimated 653 leguminous NUS (Khoshbakht and
Hammer, 2008) to provide proteins to a hungry world in ways that are more sus-
tainable to the environment, using less water and fewer chemical fertilizers as com-
pared to livestock farms, is, for example, an important contribution to safeguarding
our planet and is consistent with the objective of the so-called ‘sustainable inten-
sification’ of agriculture that is advocated by many (Cassman and Grassini, 2020).

Dramatic climate change scenarios predicted in the not-too-distant future
warn that a rise in the sea level is expected to submerge many coastal areas around
the world, and most affected would be the small islands of the Pacific and other
such low-lying regions (Nurse et al., 2014). The NUS basket can certainly be of
great help to those areas, for providing plants adapted to cope with increasing lev-
els of salinity and water logging associated with such changes; thus, this approach
deserves the urgent attention of governments, researchers and other stakeholders.

The intense urbanization all over the world is also leading to greater demand
for more nutritious food, which—by encouraging the practice of growing locally
and leveraging the diversity of well-adapted (smart’) NUS—could help mitigate
the impact that increased food production would have on the environment. The
potential of tapping this diversity to provide fresh, healthy, safe and tasty food to
millions of people living in large cities through vertical farming is also another
opportunity worth seizing.

The dramatic COVID-19 pandemic that the world has been experiencing
lately is also reminding us of the need to strengthen localized sourcing of food in
order to help communities cope with shocks of this nature.
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Ultimately, consumers play a fundamental role in changing the paradigm of
uniformity and standardization that currently affects our food systems and that
makes the world more vulnerable. Their attitude towards NUS needs to change,
so that these crops are no longer perceived as the food of the poor, but, rather, as
the food of the future.

Notes

1 The term ‘Green Revolution” was coined by William Gaud late in its unfolding, at
a meeting of the Society for International Development in DC in 1968 (reported in
Patel 2013).

2 https://www.rareseeds.com/

https://www.mssrt.org/content/promoting-community-seed-grain-gene-banks

4 Costanzo A. Introduction: A Working Definition of Underutilized Crops: Proceedings
of Conference ‘DIVERSIFOOD Embedding crop diversity and networking for local
high quality food systems’ (http://www.diversifood.eu/wp-content/uploads/2017/11/
DIVERSIFOOD-WP21_Inventory-of-Underutilized-crops.pdf) accessed on 10 July
2020.

5 https://www.cbd.int/sp/targets/rationale/target-13/ To note that in the post 2020

Biodiversity Framework the Aichi Targets will be replaced by other indicators.

http://www.fao.org/3/12650¢/12650¢.pdf

https://webapps.ifad.org/members/eb/126/docs/EB-2019-126-INF-5.pdf
https://webapps.ifad.org/members/eb/125/docs/EB-2018-125-R~11.pdf
https://webapps.ifad.org/members/eb/125/docs/EB-2018-125-R-12.pdf

The ICN2 Framework for Action can be found at http://www.fao.org/3/a-mm?215e.pdf
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LANDMARK NUS EVENTS AND
KEY PUBLICATIONS

Stefano Padulosi and Danny Hunter

Introduction

Looking back at the last 50 years, we can comfortably say that both public and
private institutions have been slow in recognizing, appreciating, and support-
ing research on neglected and underutilized species (NUS). Many are the rea-
sons behind such a tepid position regarding the promotion of these species, but
above all stands the strong influence exerted by the Green Revolution’s legacy
in setting research priorities in agriculture at both the national and international
levels. The focus on a few staple crops to feed the world has been inhibiting
the development of research for non-commodity/non-staple crops around the
world. Notoriously, the Consultative Group on International Agricultural
Research (CGIAR), the largest organization engaged in agricultural research
spends almost its entire budget on a few strategic staple crops, viz. lentils, cow-
peas, groundnuts, millets, wheat, coconuts, maize, pigeon peas, potatoes, rice,
soybeans, sweet potatoes, and yams.! Most of these crops have been receiving
dedicated funding since the early 1960s, whereas very limited resources have
been directed towards developing NUS. Low attention to NUS is also regis-
tered among National Agricultural Research Systems (NARS) as reported in
national country reports dedicated to the conservation and use of Plant Genetic
Resources for Food and Agriculture (PGRFA) (FAO, 1996, 2011). Although
a number of global institutions and NARS have been playing over the years a
commendable role in support of NUS in terms of implementing supportive pol-
icies, programs and projects for their sustainable conservation and use, we would
like to emphasize that it is Indigenous Peoples and other ethnic groups who have
been so far the true custodians of these local resources and the promoters of their
continued traditional use (Padulosi et al., 2019).
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Period: 1970-1980

This period is characterized by a predominant R&D focus on major commodi-
ties (staple crops and industrial crops). Though the work of agricultural research
institutes (including the CGIAR) have yielded important impacts in terms of
hunger and poverty reduction, it is also causing the marginalization of hundreds
of nutritious crops (especially minor cereals, pulses, vegetables, and fruits) that
are no longer competitive with the high yielding varieties massively promoted
by governments. Deployment of a broader basket of species to mitigate the im-
pact of crop failures and, hence, to fight periodic food insecurity is far from
becoming a key issue of this decade. A milestone in the advocacy for opening
the door to research on NUS is the USA National Academy of Sciences’ (INAS)
document drawing attention to underutilized species (NAS 1975); the paper was
the outcome of a NAS-commissioned “extensive survey of underexploited trop-
ical plants” as possible crops for the future. Among the 36 species addressed by
this report, the winged bean (Psophocarpus tetragonolobus) was particularly recom-
mended to the research community for further attention due to its “exceptional
merits’.

Period: 1981-1990

This is when attention on NUS starts building up. This is due to increased recog-
nition of the importance that crops’ wild relatives gained within the CGIAR as
well as within FAO (Hunter and Heywood, 2011). An example of this is the In-
ternational Institute of Tropical Agriculture (II'TA), which started a programme
supported by the Italian government in 1990 to survey and collect wild Vigna
species (Padulosi et al., 1991). A similar programme supported by the German
Agency for Technical Cooperation GTZ (today GIZ) was also launched at IITA
to survey, collect and study Bambara groundnuts (Vigna subterranea) in Africa
(Begemann, 1988). In 1987, the International Conference on “New Crops for
Food and Industry” was held at the University of Southampton and as a result of
one of its recommendations, the International Center for Underutilized Crops
(ICUC) was established the following year. In 1988, the University of Purdue
(USA) organized the first of a series of International Symposia on New Crops,
mainly looking for alternatives to major crops, targeting US farmers (Janick and
Simon, 1990).

Also relevant is the CSC/ICAR Delhi International Workshop, held in 1987,
on the maintenance and evaluation of life-support species in Asia and the Pacific
region (Paroda, 1988). The publication in 1989 of Lost Crops of the Incas (NRC,
1989) was the first of several books from a highly prestigious source that focuses
on NUS in Latin America (subsequent volumes of the book would be dedicated to
NUS in Africa, viz. NRC, 1996, 2006, 2008). India recognized the importance
of underutilized species as a means to attain sustainable agricultural production,
improve the nutritional value of food for large sections of the population and
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reduce the country’s dependence on food imports. Thus, in 1982, the All-India
Coordinated Research Project on Underutilized Plants was launched, focusing
on a list of priority species (Tyagi et al., 2017). International collaboration on un-
derutilized species was also promoted through newly funded biodiversity projects
such as that of the Department for International Development (DFID), meant to
support ICUC research (focusing on underutilized tropical fruit trees?). Another
important publication is New Crops for Food and Industry (Wickens et al., 1989).

The drawbacks of the Green Revolution were beginning to be acknowledged
in literature at this time as well (Smale, 1997). The concept of sustainable ag-
riculture made its first appearance in scientific papers (Dimitri and Richman,
2000), as did innovative approaches based on the deployment of greater diversity
in farmers’ fields using species thus far considered underutilized (see f.e. the case
of alley-cropping introduced in sub-Saharan Africa by IITA, revolving around
the use of leguminous crops such as Leucaena spp. to maintain or restore fertility
in farmers’ fields [FAO, 1995]).

Period: 1991-2000

In 1992, the Convention of Biological Diversity (CBD) stressed the concept of
sustainability,? rooted in agricultural and cultural diversity supportive of nutri-
tional needs, incomes and greater protection from biotic and abiotic stresses. It
also drew attention to the significant contribution of Indigenous Peoples to the
conservation and sustainable use of biodiversity (Article 8]). It is important also to
recall the establishment of the Work on Agricultural Biodiversity proposed by the
Conference of the Parties to the Convention, which decided to establish a multi-
year programme of work on agricultural biological diversity (Decision IT1/11),*
aimed — inter alia — aimed at “promoting the conservation and sustainable use of
genetic resources of actual and potential value for food and agriculture” (Box 2.1).

The CBD had a tremendous impact in raising the awareness in people at
the highest levels of the value of biodiversity, including underutilized species:
it helped introduce new values such as the environmental services provided
by biodiversity, which would have a profound impact in the years to come in
influencing countries’ strategies in agricultural activities, to make them more
conducive than in the past to safeguarding less commercialized crops and species.

In 1992, the Asian Vegetable Research and Development Center (AVR
DC -The World Vegetable Center), launched a number of projects focusing spe-
cifically on traditional African vegetables (Dinssa et al., 2016). The CGIAR re-
vised its mission statement, limiting it no more to food security, but broadened it
by including poverty reduction and protection of the environment; opportuni-
ties to work on species not necessarily used in food production were highlighted.
An IDRC (International Development Research Centre)-supported study rec-
ommended IPGRI’s greater involvement in medicinal plants in view of the fact
that many of these species were underutilized and neglected by R&D despite
their high-income generation potential (Leaman et al., 1999).
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Box 2.1

The four key elements of the CBD programme of work on agricultural
biodiversity:

1 Assessments: to provide an overview of the status and trends of the
world’s agricultural biodiversity, their underlying causes and knowledge
of management practices

2 Adaptive Management: to identify adaptive management practices,
technologies and policies that promote the positive effects and mitigate
the negative impacts of agriculture on biodiversity, and enhance pro-
ductivity and the capacity to sustain livelihoods, by expanding knowl-
edge, understanding and awareness of the multiple goods and services
provided by the different levels and functions of agricultural biodiversity

3 Capacity Building: to strengthen the capacities of farmers, Indigenous
and local communities, and their organizations and other stakeholders,
to manage agricultural biodiversity sustainably so as to increase their
benefits, and to promote awareness and responsible action

4 Mainstreaming: to support the development of national plans and strat-
egies for the conservation and sustainable use of agricultural biodiversity
and to promote their mainstreaming and integration in both sectoral
and cross-sectoral plans and programmes.

The decade was marked by a remarkable increase in support from Overseas
Development Agencies (ODA) for NUS. Italy, the IDRC, the Asian Develop-
ment Bank, the European Commission, the Netherlands and other donors joined
Germany and the UK in financing ad hoc projects and networks dealing with
NUS (e.g., MEDUSA [“Network on the Identification, Conservation and Use
of Wild Plants in the Mediterranean Region”],

BAMNET [International Bambara Groundnut Network], UTFANET
[Underutilized Tropical Fruit in Asia Network], SEANUC [Southern and East
Africa Network on Underutilized Crops], PROSEA) [Plant Resources of South
East Asia] (Williams and Haq, 2000).

In 1994, IPGRI launched “The Underutilized Mediterranean Species”(UMS)
project, which established four NUS-focused networks, guided by the outcome
of a Mediterranean-wide survey of 400 researchers and aimed at advancing
knowledge on challenges, needs and opportunities in the promotion of NUS as
well as promoting close cooperation for NUS use enhancement across regional
research institutions (Padulosi et al., 1994; Padulosi, 1998).

Nevertheless, funding still remained limited against the background of large
R&D gaps to fill. Therefore, international cooperation was advocated in several
meetings as the only way to achieve a visible impact in this domain.
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Other Symposia on New Crops were organized by the University of Purdue
(Janick and Simon, 1993; Janick 1996; Janick, 1999; Janick and Whipkey, 2002);
such meetings provided an important platform to the scientific community for
sharing experiences and lessons directly related to NUS and their development
of new crops.

The FAO process of the International Conference and Program for Plant
Genetic Resources, leading to the 1996 Leipzig FAO IV Technical Conference
on Plant Genetic Resources for Food and Agriculture (PGRFA), raised the
visibility of NUS at the UN level. Preparatory national and regional meetings to
the conference (especially the European meeting held in Nitra, Slovakia on 15
October 1995) contributed through country-driven, bottom-up approaches to
the development of the Global Plan of Action (GPA) for PGRFA (FAO, 1996).
The GPA, listing 20 activities across an array of themes from conservation to the
sustainable use of PGRFA, provided unprecedented visibility to NUS, while an
activity specifically dedicated to them (Activity 12: cfr. “Promoting development

%) was also included.

and commercialization of underutilized crops and species

In 1994, IPGRI launched a series of projects focusing on African leafy veg-
etables that would end in 2004; these efforts were an important contribution to
improving the methodological approach in NUS promotion especially in Kenya,
contributing to changing “the food of the poor” stigma so often associated with
these crops and helping draw policymakers’ attention to their use enhancement
(Gotor and Irungu, 2010).

The 1996, the FAO State of the World Report outlined a worrying situation
with regard to the conservation of NUS: less than 22% of the estimated six
million germplasm samples held in gene banks around the world were non-
commodity crops, and of this portfolio (inclusive of NUS), species were scarcely
represented in terms of intra-specific diversity. More than 80% of these, on aver-
age, were made up of less than ten accessions (Padulosi et al., 2002).

In 1998, in the framework of Italy’s campaign in support of the development
of the FAO International Treaty on Plant Genetic Resources, a panel of experts
gathered in Florence, Italy to discuss the development of an alternative list of spe-
cies to Annex I of the International Treaty. At this meeting, specific discussions
were held on the possibility of including NUS in the treaty (Padulosi, 2000). It is
interesting to note that Annex I of the approved treaty contains today a total of
80 genera, of which only 15 include some underutilized species. The discussion
on the inclusion of NUS in Annex I was re-opened in 2013, but the debate is
still ongoing today.

Also, an important endorsement of the value of NUS (particularly fruit trees,
vegetables and medicinal and aromatic plants) was recorded at the World Con-
ference on Horticultural Research held in Rome in 1998 (Morico et al., 1999).

In 1999, the IFAD-supported workshop organized in Chennai, India, by the
CGIAR PGR Policy Committee, chaired by Prof. M.S. Swaminathan, covered
NUS specifically (GRPC, 1999). The meeting yielded large support from attending
CGIAR centres and donor representatives. It is interesting to note that this meeting
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represented the first time ever that the CGIAR discussed NUS in a formal way.
Important publications focusing in large part on Asia and the Pacific were also pub-
lished (Bhag Mal 1994; de Groot and Haq, 1995; Smartt and Haq, 1997).

How underutilized species also play an important role in enriching the
landscape and local cultures was covered at an international workshop focusing
on the Mediterranean region, organized by the Italian National Research Coun-
cil in Naples, Italy in 1997 (Padulosi, 1997).

Period: 2001-2020

The Global Forum on Agricultural Research (GFAR) discussed NUS at a
meeting in Dresden, Germany (GFAR, 2001). As a follow-up to that meeting,
a small group comprising IPGRI, ICUC, IFAD and the German Ministry of
Economic Cooperation and Development (BMZ) recommended the establish-
ment of a Global Facilitating Unit (GFU),

to pursue the goal of drawing attention to the potential contribution
hitherto underutilized species could make to food security and livelihood
of marginalized and poor communities so that an increasing number of
research institutions, extension services, policy makers and donors include

the development of underutilized species in their programmes and plans.®

The unit was established in 2002 and was housed at IPGRI in Rome. The GFU
was a major effort that aimed at increasing the contribution of underutilized spe-
cies to food security and poverty alleviation of the rural and urban poor through
facilitating access to information on underutilized species, performing policy
analysis and providing advice to policymakers on how to create an enabling
policy environment for underutilized species and enhancing public awareness
on these species.”

In addition, Germany also funded a GTZ multi-regional project “People
and Biodiversity in Rural Areas” that supported national partners in improving
existing value-chains of underutilized crops and breeds, and that analyzed the
economic potential of other underutilized species and breeds in selected regions.
Several publications on the topic were published and workshops organized, such
as the excellent publication by GTZ on Promising and underutilized crops and breeds
(Thies, 2000).

In 2003, the PROTA (Plant Resources of Tropical Africa) Network was
launched to provide access to information on 7,000 tropical African plants, most
of them little known or underutilized (Schmelzer and Omino, 2003).

AVRDC launched its strategy for 20012010, one objective of which was
to increase the diversity of indigenous and underutilized vegetables for better
nutrition, health and income (AVRDC, 2001).

The first global project on NUS (Grant 533) was also implemented from 2001
to 2005 by IPGRI, thanks to the support of IFAD (focusing on Ecuador, Bolivia,
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Peru, Yemen, Egypt, Nepal and India). This project would provide a unique
opportunity to test the hypothesis that NUS are strategic crops in supporting
poverty reduction and the empowerment of the poor. The results of the first
phase of the project showed extremely encouraging results in the areas of income
generation and empowerment of local communities, particularly in India and
Latin America (Padulosi et al., 2003). Follow-up phases of this first UN-funded
programme on NUS would be implemented until 2020.

IPGRI published its strategy on NUS (Eyzaguirre et al., 1999), recommend-
ing interventions in eight main strategic areas, namely, (1) gathering and sharing
information, (2) priority setting, (3) promoting production and use, (4) main-
taining diversity, (5) marketing, (6) strengthening partnerships and capacities, (7)
developing effective policies and (8) improving public awareness, which would
then be translated into five languages (IPGRI, 2002). Interesting to point out
that this is the first time the acronym “NUS” was used to refer to neglected
and underutilized species (wild and cultivated) (see also Chapter 1). A joint
ICUC-IPGRI analysis of the status of underutilized species was also published
in 2002 (Williams and Haq, 2000).

A BMZ-funded workshop on underutilized species was organized by GFU,
GTZ and InWEnt in Leipzig, Germany (Gundel et al., 2003) during which the
need for mainstreaming NUS in the R&D agenda was stressed as necessary ac-
tion to successfully exploit the potential of these species.

An issue of the LEISA magazine entirely dedicated to underutilized species
was published in 2004 (LEISA, 2004), earning a largely positive consensus among
stakeholders (see Padulosi and Hoeschle-Zeledon, 2004).

At the 7th Meeting of the Conference of the Parties to the CBD in 2004,
a relevant pro-NUS recommendation of the Subsidiary Body on Scientific,
Technical and Technological Advice (SBSTTA) was endorsed. This recom-
mendation suggested activities that contributed to improved food security and
human nutrition through the enhanced use of crop and livestock diversity, and
the conservation and sustainable use of NUS. The SBSTTA underlined that
the identification of constraints and success factors in marketing underutilized
species 1s a key aspect for their promotion and that capacity building at different
levels was highly needed.

For the first time, in 2004, a major donor (EU) made a specific call within its
6™ Framework for “[rlesearch to increase the sustainable use and productivity of annual
and perennial under-utilized tropical and sub-tropical crops and species important for the
livelihoods of local populations”. The EU recognized that these crops have potential
for wider use and could significantly contribute to food security, agricultural
diversification and income generation.

In 2005, the International Horticultural Assessment commissioned by US-
AID was published. This work (which engaged 750 participants, 60 countries
and three regional workshops, and which involved a major survey) was a strong
endorsement of the value of underutilized crops to revitalizing an agricul-
tural sector in crisis. More than a third of promising horticultural species were
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underutilized according to the report: of the 226 listed fruits, vegetable crops,
herbs, spices and ornamentals, 79 belonged to the NUS category. Excerpts of
the report related to horticulture in sub-Saharan Africa and Latin America were
also supportive of underutilized species. For instance, in sub-Saharan Africa, the
report stressed that despite diverse biophysical constraints such as droughts and
low soil fertility, the region called for expanded cultivations of its underutilized
and indigenous crops adapted to harsh conditions (such as the leafy vegetables
Cleome gynandra, Solanum aethiopicum, Solanum macrocarpon, Moringa oleifera and
Hibiscus sabdariffa and fruits like Ziziphus mauritania). In Latin America and the
Caribbean, underutilized fruit trees represented opportunities to generate new
markets. One recommendation suggested compiling regional knowledge about
the cultivation and traditional uses of these species at a regional and national
level.

In 2005, at the end of a broadly participative process, the CGIAR published
its research priorities for the period 2005-2015.” In this document, NUS were
given high visibility under System Priorities 1b (“Promotion, conservation
and characterization of underutilized plant genetic resources to increase the
income of the poor”) and 3a (“Increasing income from fruit and vegetables” in
consideration that many of the latter are considered underutilized species). In
addition, underutilized species were also considered indirectly through Priorities
3d (“Sustainable income generation from forests and trees”) and 4d (“Sustainable
agro-ecological intensification in low- and high-potential environments”). The
emergence of niche and high-value markets for underutilized crops in developed
countries provides a potential pathway out of poverty for farmers in developing
countries, hence, underutilized plant genetic resources (UPGR) were relevant
also to Priority 5b (“Making international and domestic and domestic markets
work for the poor”).

In April 2005, 100 R&D experts and policy makers with varied backgrounds
from 25 countries took part in a consultation at the M.S. Swaminathan Research
Foundation in Chennai, India. This meeting represented a major milestone in
support of agricultural biodiversity, including NUS. The consultation, jointly
organized by IPGRI, GFU and The M.S. Swaminathan Research Foundation
(MSSREF), was called to discuss how biodiversity could help the world achieve
the UN’s Millennium Development Goals — in particular, the goal of freedom
from hunger and poverty. The “Chennai Platform for Action” that resulted from
this consultation, in its ten recommendations, emphasized the importance of
underutilized species and called upon policymakers to promote specific inter-
ventions in support of these species. '’

During this period, increased visibility on underutilized species was provided
by dedicated websites developed by both international and national agencies.

In 2006, a ICUC-IPGRI-GFU electronic consultation to design a strategic
framework for R&D on underutilized species was carried out; this was followed
by two regional strategy workshops held in Colombo, Sri Lanka (March 16—17),
and Nairobi, Kenya (May 24-25) (Jaenicke and Hoschle-Zeledon, 2006).
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An International Conference on Indigenous Vegetables was held in Hydera-
bad, India, on December 2006 (Chadha and Lumpkin 2007). The International
Society for Horticultural Science (ISHS) launched a Working Group on Un-
derutilized Species within its Commission on Plant Genetic Resources, which
was jointly chaired by GFU and ICUC. In 2004, the ACP-EU project on NUS
value-chains for Africa was launched (Rudebjer, 2014).

In 2009, a new organization, Crops For the Future (CFF) was established
through the merger of the International Centre for Underutilized Crops (ICUC)
in Sri Lanka and the Global Facilitation Unit for Underutilized Species (GFU)
in Rome (Gregory et al., 2019). Based in Kuala Lumpur, Malaysia, the mission
of this new agency consisted of four major objectives, viz. (1) increase the
knowledge-base for neglected crops, (2) advocate policies that do not discrimi-
nate against crop diversity; (3) increase awareness of the relevance of neglected
crops for rural livelihoods and (4) strengthen capacities in relevant sectors. In
2001, the CFF Research Centre was created in Malaysia to provide research
support to the global CFF organization.!

In 2010, the FAO Second State of the World Report on PGRFA (FAO 2010)
reported on still poor conservation statuses for NUS, calling for urgent actions
to be taken to safeguard these resources, important allies in the fight against food
insecurity around the world. In 2011, the second ISHS International Symposium
on “Underutilized Plants: Crops for the Future, Beyond Food Security” was held
in Kuala Lumpur, Malaysia (Jaenicke, 2013).

On December 2012, an international conference on the “Lost Crops of XXI
Century” was held in Cordoba, Spain (Padulosi et al., 2013). The conference, at-
tended by the Spanish Minister of Agriculture, the Director General of FAO, the
Director General of Bioversity and the Chairman of the Slow Food Movement,
was held to debate how to fight hunger and rural poverty through the greater
deployment of NUS (called here “promising crops”).!? The conference also cel-
ebrated the launch of the 2013 UN International Year of Quinoa. An important
collective document, the Cordoba Declaration' was released by the participants,
and called for a number of important actions in support of the use enhancement
of NUS, viz:

*  Raising awareness of these crops and their strategic roles

*  Conserving genetic and cultural diversity

* Promoting their use in small-scale family farming to improve rural
livelihoods

*  Developing value-chains from production-to-consumption and to gastronomy

*  Changing incorrect perceptions and developing an evidence base

*  Enhancing research and capacities for promotion

*  Building inter-sectoral and interdisciplinary collaboration

*  Creating a conducive policy environment

*  Establishing an ombudsman to represent the rights of future generations in
national and international decision-making
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Among these, the last was a particularly innovative idea, and helped underscore
the fact that the conservation of agricultural biodiversity and other relevant nat-
ural resources are relevant both to present and future generations. A highly stra-
tegic policy recommendation also proposed in the document was the launching
of a new international dialogue on PGRFA to explore ways in which the Inter-
national Treaty on PGRFA (IT-PGR FA) could further support the conservation,
exchange and sustainable use of NUS.

The following year, a major pan-African conference on NUS was organ-
ized by Bioversity in Accra, Ghana, through the support of the European Un-
ion (ACP-EU project) and the IFAD-NUS Project. The “Accra Statement for a
food-secure Africa” that emerged from the conference set out nine action points
to promote greater use of NUS (Bioversity International 2014), viz:

1 Include NUS in national and international strategies and frameworks that
address global issues

2 Establish a list of priority NUS on which to focus R&D

3 Support research on NUS and their agronomic, environmental, nutritional
and socioeconomic contributions to resilient production systems

4 Support the development of value-chains and small agri-businesses for NUS

5  Strengthen collaboration and information-sharing between researchers, ex-
tension specialists, the private sector, farmers and their organizations

6  Promote the cultivation of NUS through campaigns to raise awareness of
the commercial opportunities they offer and their agronomic and nutritional
benefits

7  Increase support for conservation of NUS in situ, on-farm and ex sifu, and
strengthen seed systems

8  Empower custodian farmers and support farmers’ rights to share the benefits
from NUS

9  Strengthen the capacity of individuals and organizations in R&D and edu-
cation of NUS.

An important paper on agrobiodiversity highlighting the role of NUS in
strengthening food security, health and income generation appeared in Agronomy
for Sustainable Development (Kahane et al., 2013).

Bioversity’s revised strategy for NUS was published in 2013 (Padulosi et al.,
2013) offering an analysis of the NUS status of conservation and use, based on
country reports produced for the FAO 2010 SWR on PGRFA. This document
stressed eight key areas of action to realize the effective promotion of NUS
(Box 2.2).

India approved, in 2013, its Food Security Bill, which included “coarse
grains” (millets, sorghum and maize) in the Public Distribution System (PDS).
This move, which represented an unprecedented recognition of NUS, never
made by any previous government, was done in appreciation of the following
aspects: (1) the importance of finger millets and others coarse cereals of high
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Box 2.2 What needs to be done: Strategic actions needed
to bring NUS back to the table (from Padulosi et al., 2013)

Type of action

What needs to be done

1 Change
perceptions

2 Develop
capacity

3 Enhance
research

4 Improve
conservation

5 Involve
stakeholders

The imbalance in agricultural policies and practices,

currently skewed towards the major commodity crops,
needs to change. It is important to make smallholder
farmers and consumers in both urban and rural areas of
poor countries aware of the benefits of conserving and
using NUS and to make scientists and policymakers aware
of the need to both protect and promote NUS.

Organizations involved in research, education, development,

I

t

policy departments, the private sector and farming
communities need to develop skills and capacity in
conserving and using NUS. Young scientists need

to acquire the skills to holistically address the inter-
disciplinary research challenges related to NUS and
integrate nutrition into agricultural development.
Policymakers and institutional leaders need to understand
the role and benefits of NUS so as to integrate NUS

in research and development (R&D) strategies and
programmes, including adaptation to climate change.

is extremely important to invest in research on NUS and
on improving them. Data on NUS use, propagation and
growth characteristics, resistance traits and intra-specific
variation must be systematically collected in databases and
disseminated and shared, and methodology strengthened.
Scientific knowledge and indigenous knowledge need to
be integrated. Instruments and processes for sharing lessons
learned at the national and international levels need to be
strengthened. Conservation must be linked to use.

Species that are not suited to conservation in genebanks

need to be conserved on farm. In parallel, greater ex situ
conservation of NUS in genebanks, when practical, is
needed. Enhancing use of NUS needs to be in harmony
with traditional rights, cultural identities, ecosystem
integrity and the principles of gender equity and benefit
both the rural poor and urban consumers. A global on-farm
conservation programme for NUS needs to be established.

Communities and farmer organizations need to be

consulted to ensure that research programmes are relevant
and appropriate. Frameworks for involving communities
in addressing challenges, needs and opportunities need to
be set up. Farmers need access to seed, as well as training
in maintaining and exchanging quality seed and planting
material according to phytosanitary regulations.
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6 Add value Sustainable markets for NUS need to be developed and
and upgrade strengthened at the local, national and international levels
market chains while ensuring that benefits are shared fairly. Support

to develop effective value-chains for NUS (through
enhanced vertical and horizontal integration) is also
needed. Domestic demand for NUS and value-added
NUS products needs to be expanded and trade barriers
for NUS products in developed countries need to be
removed. The links between farmers, researchers and
consumers need to be strengthened, and programmes
need to highlight the growing importance of NUS in

gastronomy.

7 Create a Legal frameworks are needed to protect NUS (wild or
supportive cultivated). National governments also need to put in
policy place policies to effectively conserve and use NUS.
environment There need to be incentives for managing NUS on-farm.

Policies, guided by principles of equity and fairness,
need to safeguard germplasm for crop improvement
and sharing, and provide better access to international

markets.
8 Increase NUS are local and traditional, but are globally significant
cooperation and thus require scientific and political attention beyond

the local and national levels. More needs to be done to
strengthen cooperation among stakeholder groups and
create national, regional and international synergies.

nutritional value for the diversification of the food basket; (2) the inclusion of
millets would expand the quantum of food that can be procured at the same time
and (3) promote climate resilient farming, which would more appropriately cater
to the food habits of different regions (Padulosi et al., 2015).* Notably, these
crops were set to be used also to reinforce several nutrition-related schemes and
activities, including the Integrated Child Development Services, mid-day meals
and community canteens.

The Second International Conference on Nutrition Framework for Action
called, in its recommendation (no. 10), for the “the diversification of crops
including underutilized traditional crops”. Two seminal papers on the holistic
value-chain approach developed by IFAD-NUS were published (Padulosi et al.,
2014, 2015) along with a strategic document from Bioversity on the way forward
for the promotion of NUS (Padulosi et al., 2013).

In 2016, the Royal Botanical Gardens (RBG) at Kew developed its internal
strategy on useful plants, which focuses on NUS, while use enhancement along
the lines of Bioversity’s work on holistic value-chains is being developed (Ulian
et al., 2015).
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In July 2016, the FAO International Treaty for PGRFA organized a meeting
at Volterra, Italy, to address the development of a “toolbox’ for the use enhance-
ment of agricultural biodiversity, including NUS.

In November 2016, Bioversity and its partners from Africa, organized in
Benin an expert meeting on NUS value-chainsin sub-Saharan Africa for strength-
ening agricultural diversification, the UN Agenda 2030 and climate-change
responses; among the recommendations that emerged from this meeting the
following needs were seen as the most critical to advancing the NUS agenda
in the region: (1) strengthening capacities of young scientists working on NUS;
(2) mainstreaming NUS in school and university curricula; (3) greater PPP
to boost local NUS entrepreneurs; (4) continued advocacy and lobbying with
decision-makers at national and international levels for developing supportive
policies for NUS and (5) facilitating access to NUS knowledge and material
among workers.

Over the course of 2015 and 2016, three expert meetings were organized
under the leadership of CFF in Paris, Kuala Lumpur and Rome, to discuss
the implementation of a newly developed Global Action Plan for Agricultural
Diversification (GAPAD), designed to meet the needs of a heating world. The
alliance formed around GAPAD aimed at promoting agricultural diversifica-
tion and NUS crops, in particular, which were recognized as a strategic means
to contribute to the UN’s Sustainable Development Goals (SGDs), with special
reference to SDGs 2, 7, 12, 13, 15 and 17.

In 2016, an international consultation was jointly organized by FAO and the
Australian Centre for International Agricultural Research under FAO RAP’s
Regional Initiative on Zero Hunger Challenge (RI-ZHC), in Bangkok, Thai-
land. Its purpose was to identify promising NUS crops that are nutritionally
dense, climate resilient, economically viable and locally available or adaptable,
and to provide strategic advice to decision-makers. These promising NUS were
to be referred to as “Future Smart Food” (FSF). The consultation, attended by
representatives from eight countries and several international agencies, aimed
at four specific objectives: (i) validating the preliminary scoping report on
crop-related NUS in the selected countries; (i) ranking and prioritizing high-
potential NUS based on established priority criteria, (iii) identifying five to six
crop-related NUS per country and (iv) strategizing to enhance production and
the utilization of selected crops in local diets (L1 et al., 2018). The meeting identi-
fied ten recommendations for policymakers (Box 2.3) A similar meeting was also
organized in Bangkok in 2017 by APAARI and was attended by representatives
of 16 countries from the Asia-Pacific region (Tyagi et al., 2018a,b).

Two more projects worth mentioning have also sprung up over the last few
years, viz. the GFAR’s Collective Action on “Harnessing forgotten foods for
improved livelihoods” (GFAR, 2017) and the campaign of the USA-based
Lexicon on “Rediscovered Food”, which includes inter alia some well-packaged
introduction on 25 forgotten nutritious NUS and success stories of farmers,

scientists and chefs from 14 countries."”
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In September 2020, a major publication by the RBG (Ulian et al., 2020) was
released in conjunction with the State of the World’s Plants and Fungi 2020
report published by the same organization (Antonelli et al., 2020). Drawing on
the results of the report, the paper reiterates that narrow reliance of humankind
on a small handful of food crops, in spite of 7,039 documented edible species.
In fact, the majority of these edible plants belong to NUS and should be better
promoted in recognition of their role in improving the quality, resilience and
self-sufficiency of food production. In order to unleash such potential, the au-
thors call for renovated efforts especially with regard to: (1) filling knowledge
gaps on the biology and ecology of NUS; (2) gaining a better understanding
on the impacts of climate change on NUS to allow their better deployment in
future climate-change coping strategies; (3) promoting the better integration
of methods and tools developed by farmers and researchers for the cultivation
of major crops, with the traditional knowledge of uses and practices regarding
NUS; (4) providing further aid to strengthen research programs focusing on
NUS, including supporting information exchange; (5) promoting participatory
decision-making processes in NUS enhancement and (6) fostering the devel-
opment and implementation of legal and policy frameworks accompanied by
economic incentives and subsidies in support of NUS.

Box 2.3 Recommendations to policymakers emerging
from the FAO regional meeting for Asia and the Pacific
on smart food foods/NUS held in Bangkok in 2016

1 Urgent call for decision-makers to raise awareness of the nutrition-
sensitive and climate-resilient benefits of NUS to address hunger, malnu-
trition and climate change.

2 Recognize, identify and promote complementarities of NUS with existing
staple crops for nutrition enhancement, climate-change resilience and
diversification of cropping systems, and reliable NUS as FSF to popularize
these species.

3 Establish a National Coordinating Committee on FSF involving concerned
ministries and appoint a Strategic Coordinator at the inter-ministerial
level.

4 Create an enabling environment by strengthening national institutional
support for mainstreaming FSF into national policies and programmes, us-
ing appropriate incentives, procurement of FSF for food programmes (e.g.,
mid-day meal/school-meal schemes) to enhance national consumption,
local production and facilitate marketing.

5 Establish nationally coordinated research for development programmes
targeting FSF with high potential, and expand coverage of national
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agriculture statistics and national food composition data on FSF for
evidence-based decision-making.

6 Document and validate best-bet FSF case studies, compile Indigenous
knowledge related to FSF, undertake clinical and field studies to demon-
strate the health benefits and climate resilience of FSF, and assemble
quantitative data for public dissemination.

7 Enhance public awareness of the importance of FSF by developing
nutrition and climate-change education materials and curricula on the
importance of FSF for consumers, traders, producers, health professionals,
researchers, teachers (e.g., school curricula), farmers, women and youth.

8 Identify key entry points in the value-chain and encourage value-chain
development for specific FSF, including innovative and targeted
interventions for promotion (e.g., ready-to-use food products) and
increase funds for research, development and extension capacities on
FSF production and processing technologies.

9 Strengthen multidisciplinary and multi-sectoral collaboration through
existing coordination mechanisms, and build partnerships at national
and regional levels, including academia, civil society and the private
sector, to enhance research and consumption and to attract the private
sector to boost production, processing, value addition, product develop-
ment and marketing of FSF.

10 Establish a regionally coordinated network on FSF to facilitate the
exchange of information, policy, technologies and genetic resources, as
well as FSF promotion, in target countries.

Conclusions

Although we have come a long way from those isolated pro-INUS activities of the
early 1980s, all the way to the international conferences and projects dedicated
to NUS that have been launched lately, we are still far from having reached the
“graduation” of NUS (with the exception of a few crops like quinoa, which has
become truly a commodity crop). While we can affirm that methodologies for
the use enhancement of NUS have been successfully developed, what is needed
these days, rather, is to scale the many successful approaches recorded around the
world in order to have a wider impact. Mainstreaming NUS into government
actions is today the key pursuit for workers engaged in the movement and, to
achieve that, enabling policies covering a range of priority areas (from conserva-
tion to resilient food systems, sustainable cultivations, equitable marketing and
nutrition security) are urgently needed (the inclusion of minor millets into the
PDS system in India is, to that regard, a most illuminating example). These pol-
icies will require lobbying from all stakeholders who should be working closely
together to achieve the shared vision. One of the propositions that has been
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advocated'® for raising awareness about the importance of NUS among decision-
makers, is the launching of an “International Year for NUS” by the United
Nations. For this recommendation to translate into reality, care should be given
to ensuring that the global promotion of NUS is done with the full participation
of local communities, in respect of local needs and guided by sustainability and
equity principles.

Notes

1 http://www.cgiar.org/our-strategy/crop-factsheets/
http://www.frp.uk.com/project_dissemination_details.cfm/projectID/5562/
projectCode/R7187/disID/1965

http://www.biodiv.org/convention/articles.asp

https://www.cbd.int/agro/pow.shtml

http://www.fao.org/ag/agp/agps/GpaEN/gpaact!2.htm

http://bit.ly/2vVYS8R

http://www.fao.org/docs/eims/upload/210543/doneuus02report.pdf

Viz: Grant 899 (2007-2010, focusing on Bolivia, Peru, Yemen and India); Grant 1241

(2011-2015, focusing on Bolivia. Nepal and India, supported also by Grant 1434);

Grant 2000000-526 (2014-2015, focusing on Guatemala, Mali and India) and Grant

2000000-978 (2016-2020, focusing on Guatemala, Mali and India) and co-funded

also by the EU.

9 ftp://ftp.fao.org/docrep/nonfao/ah893e/ah893¢00.pdf

10 http://www.underutilized-species.org/documents/PUBLICATIONS/chennai_
declaration_en.pdf

11 https://www.nottingham.edu.my/CFFRC/index.aspx

12 https://tkbulletin.wordpress.com/2012/12/12/this-week-in-review-cordoba-
seminar-hears-from-fao-director-general-on-value-of-underutilized-crops-
sustainable-diets/

13 http://www.nuscommunity.org/fileadmin/templates/nuscommunity.org/upload/
documents/Publications/2012_Cordoba-Declaration-on-Promising-Crops-for-the-
XXI-Century.pdf

14 http://bit.ly/2wKepWM

15 https://www.thelexicon.org/

16 https://www.bioversityinternational.org/news/detail/spotlight-on-forgotten-
crops/#:~:text=Annual%20Report%20story.,This%20year%20neglected%20
and%20underutilized%20species%20found%20the%20spotlight:%202013,the%20
world’s%20%E2%80%9 Cforgotten%20crops%E2%80%9D.

\S]

[N e

Bibliography

(cited in text plus selected papers published over the 50 years deemed particularly rele-
vant for NUS; entries marked with * include priority setting and/or lists of priority
species).

Anonymous (2012) Cordoba Declaration on Promising Crops for the XXI Cen-
tury. Retrieved on 10 May 2020. http://www.fao.org/fileadmin/templates/food_
composition/documents/Cordoba_NUS_Declaration_2012_FINAL.pdf

Anthony, K., Meadley, J. and Rébbelen, G. (19932a) New Crops for Temperate Regions.
Chapman & Hall, London.

Anthony, K., de Groot, P. and Haq, N. eds. (1993b) Underutilized Fruits and Nuts in Asia.
CSC, London.


http://www.cgiar.org
http://www.cgiar.org
http://www.frp.uk.com
http://www.frp.uk.com
http://www.biodiv.org
https://www.cbd.int
http://www.fao.org
http://bit.ly
http://www.fao.org
http:///ftp.fao.org/docrep/nonfao/ah893e/ah893e00.pdf
http://www.underutilized-species.org
http://www.underutilized-species.org
https://www.nottingham.edu.my
https://tkbulletin.wordpress.com
https://tkbulletin.wordpress.com
https://tkbulletin.wordpress.com
https://tkbulletin.wordpress.com
http://www.nuscommunity.org
http://www.nuscommunity.org
http://www.nuscommunity.org
http://bit.ly
https://www.thelexicon.org
https://www.thelexicon.org
https://www.bioversityinternational.org
https://www.bioversityinternational.org
http://www.fao.org
http://www.fao.org

36 Stefano Padulosi and Danny Hunter

Anthony, K., Haq, N. and Cilliers, B. eds. (1995) Genetic Resources of Underutilized Crops
of Southern and Eastern Africa. FAO/ICUC/CSC, Nelspruit, S. Africa.

Antonelli, A., Fry, C., Smith, R.J., Simmonds, M.S.J. and Kersey, P.J. (2020) State
of the World’s Plants and Fungi 2020. Royal Botanic Gardens, Kew. https://doi.
org/10.34885/172

Arora, R.K. (1985) Genetic Resources of Less Known Cultivated Food Plants. NBPGR, New
Delhi, India.

Arora, R.K. (2014) Diversity in Underutilized Plant Species: An Asia-Pacific Perspective.
Bioversity International, New Delhi.

AVRDC (2001) The AVRDC Strategy for 2001-2010. AVRDC-The World Vegetable
Center, Taiwan.

Bala, R., Hoeschle-Zeledon, 1., Swaminathan, M.S. and Frison, E. (2006) Hunger and
Poverty: The Role of Biodiversity. Report of an International Consultation on the Role
of Biodiversity in Achieving the UN Millennium Development Goal of Freedom
from Hunger and Poverty, Chennai, India, 18-19 April 2005.

Baldermann, S., Blagojevi¢, L., Frede, K., Klopsch, R., Neugart, S., Neumann, A.,
Ngwene, B., Norkeweit, J., Schroter, D., Schroter, A., Schweigert, F.J., Wiesner,
M. and Schreiner, M. (2016) Are Neglected Plants the Food for the Future? Critical
Reviews in Plant Sciences. doi: 10.1080/07352689.2016.1201399

Begemann, F. (1988) Ecogeographic differentiation of bambara groundnut (Vigna subter-
ranea) in the collection of the International Institute of Tropical Agriculture (IITA)
Technical University of Munich, Germany.Béné, C., Fanzo, J., Haddad, L. et al.
(2020) Five Priorities to Operationalize the EAT-Lancet Commission Report. Nature
Food 1, 457-459. https://doi.org/10.1038/543016-020-0136-4

Bioversity International (2014) Accra Statement for a Food-Secure Africa. Bioversity
International, Rome, Italy, 6 pp.

CGIAR (1999) Background Papers. Consultative Workshop on Enlarging the Basis of Food
Security: Role of Underutilized Species. Genetic Resources Policy Committee of CGIAR,
M.S.S.R.F.,, Chennai, India.

CGIAR (2001). Mid Term Meeting, Dresden, Germany, May 21-26, 2000: Summary of
Proceedings and Decisions. 125 pp.

Chada, M.L. and Lumpkin, T. (2007) Proceedings of the Ist International Conference
on Indigenous Vegetables and Legumes: Prospectus for Fighting Poverty, Hunger and
Malnutrition. Hyderabad, India, December 12—15, 2006. Acta Hortic, 752.

Chishakwe, N.E. (2008a) The Role of Policy in the Conservation and Extended Use of
Underutilized Plant Species: A Cross-National Policy Analysis. GFU, Rome, Italy, 31 pp.

Chishakwe, N.E. (2008b) An Overview of the International Regulatory Frameworks that Influence
the Conservation and Use of Underutilized Plant Species. GFU, Rome, Italy, 31 pp.

Chomchalow, N., Gowda, C.L.L. and Laosuwan, P. eds. (1993) Proceedings of the
FAO/UNDP Project RAS/89/040 Workshop on Underexploited and Potential
Food Legumes in Asia, 31 October—3 November 1990, Chiang Mai, Thailand. FAO,
Bangkok, Thailand.

Chweya, J.A. and Eyzaguirre, P.B. eds. (1999) The Biodiversity of Traditional Leafy Vegeta-
bles. IPGRI, Rome, Italy.

Dansi, A., Vodouhg, R., Azokpota, P., Yedomonhan, H., Assogba, P., Adjatin, A., Loko,
Y.L., Dossou-Aminon, I. and Akpagana, K. (2012) Diversity of the Neglected and
Underutilized Crop Species of Importance in Benin. The Scientific World Journal, 2012,
1-19. https://doi.org/10.1100/2012/932947

Dawson, I.K. and Jaenicke, H. (2006) Underutilized Plant Species: The Role of Biotechnology.
Position Paper No. 1. ICUC, Colombo, Sri Lanka, 27 pp.

Dawson, LK., Guarino, L. and Jaenicke, H. (2007) Underutilized Plant Species: Impacts of
Promotion on Biodiversity. Position Paper No. 2. ICUC, Colombo, Sri Lanka, 23 pp.


https://doi.org/10.34885/172
https://doi.org/10.34885/172
https://doi.org/10.1038/s43016-020-0136-4
https://doi.org/10.1100/2012/932947
https://doi.org/10.1080/07352689.2016.1201399

Landmark NUS events and key publications 37

de Groot, P. and Haq, N. eds. (1995) Promotion of Traditional and Underutilized Crops. CSC,
London.

Dimitri, C. and Richman, N.J. (2000) Organic Foods: Niche Marketers Venture into the
Mainstream. Agricultural Outlook (June—July), 11-14.

Dinssa, E.F., Hanson, P., Dubois, T., Tenkouano, A., Stoilova, T., Hughes, J. d’A. and
Keatinge, J.D.H. (2016) AVRDC — The World Vegetable Center’s Women-Oriented
Improvement and Development Strategy for Traditional African Vegetables in Sub
SaharanAfrica. European Journal of Horticultural Science 81(2), 91-105. doi: 10.17660/
eJHS.2016/81.2.3.

Durst, P. and Bayasgalanbat, N. eds. (2014) RAP Publication 2014/07 Promotion of
Underutilized Indigenous Food Resources for Food Security and Nutrition in Asia and the
Pacific. Food and Agricultural Organization of the United Nations, Regional Office
for Asia and the Pacific, Bangkok, Thailand.

Eyzaguirre, P., Padulosi, S. and Hodgkin, T. (1999) IPGRI’s strategy for neglected and
underutilized species and the human dimension of agrobiodiversity. In Padulosi, S.
(ed.) Priority Setting for Underutilized and Neglected Plant Species of the Mediterranean Re-
gion. Report of the IPGRI Conference, 9—11 February 1998, ICARDA, Aleppo. Syria.
International Plant Genetic Resources Institute, Rome, Italy.

FAO (1988) Traditional Food Plants. FAO Food and Nutrition Paper 62. FAO, Rome, Italy.

FAO (1995) Leucaena Psyllid: A Threat to Agroforestry in Africa. Proceedings of Workshop
Held in Dar-es-Salaam, United Republic of Tanzania, 10-24 October 1994. FAO,
Rome, Italy.

FAO (1996) Global Plan of Action for the Conservation and Sustainable Use of Plant Genetic
Resources for Food and Agriculture. FAO, Rome, Italy.

FAO (1998) The State of the World’s Plant Genetic Resources for Food and Agriculture
(and documents from regional consultations and country reports).

FAO (2010) The Second Report on the State of the World’s Plant Genetic Resources for Food and
Agriculture. Commission on Genetic Resources for Food and Agriculture. Food and
Agriculture Organization of the United Nations, Rome, Italy. Retrieved on 15 June
2017. http://www.tao.org/docrep/013/11500¢/11500e00.pdf

FAO (2011) Second Global Plan of Action for Plant Genetic Resources for Food and Agriculture
adopted by the FAO Council, Rome, Italy, 29 November 2011. Commission on
Genetic Resources for Food and Agriculture.

FAO (2016) Voluntary Guidelines for Mainstreaming Biodiversity into Policies, Programmes and
National and Regional Plans of Action on Nutrition. FAO, Rome, Italy.

FAO (2019) The State of the World’s Biodiversity for Food and Agriculture. In Bélanger,
J. and Pilling, D. (eds.) FAO Commission on Genetic Resources for Food and Agriculture
Assessments. FAO, Rome, Italy, 572 pp.

GFAR 2001. Proceedings of Meeting on Underutilized and Orphan Commodities. May
2000, Dresden, Germany. GFAR, Rome, Italy.

GFAR (2017) Retrieved on 13 March 2020. https://www.gfar.net/sites/default/files/
files/Forgotten%20foods%20concept_Sept2017(1).pdf

Giuliani, A. (2007) Analysis of the Research and Development Activities Involving Underutilized
Plant Species Carried Out by the CGIAR Centres. November 2007. SGRP.

Global Panel on Agriculture and Food Systems for Nutrition (2016) Food Systems and
Diets: Facing the Challenges of the 21st Century. London. http://glopan.org/sites/default/
files/ForesightR eport.pdf

Gotor, E. and Irungu, C. (2010) The Impact of Bioversity International’s African Leafy
Vegetables Programme in Kenya. Impact Assessment and Project Appraisal 28(1), 41-55.
doi: 10.3152/146155110X488817

Gregory, P., Mayes, S., Chai, H.H., Ebrahim, J., Julkifle, A., Kuppusamy, G., Ho, K.,
Lin, T., Massawe, F., Syaheerah, T. and Azam-Ali, A. (2019) Crops for the Future


http://www.fao.org
https://www.gfar.net
https://www.gfar.net
http://glopan.org
http://glopan.org
https://doi.org/10.17660/eJHS.2016/81.2.3
https://doi.org/10.17660/eJHS.2016/81.2.3
https://doi.org/10.3152/146155110X488817

38 Stefano Padulosi and Danny Hunter

(CFF): An Overview of Research Efforts in the Adoption of Underutilized Species.
Planta 250. doi: 10.1007/s00425-019-03179-2

Gruere, G., Giuliani, A. and Smale, M. (2006) Marketing underutilized plant species for
the benefit of the poor: a conceptual framework. EPTD discussion papers 154, Inter-
national Food Policy Research Institute (IFPRI).

Gruere, G., Nagarajan, P.L. and King, E.D.I. (2007) Collective Action and Marketing of
Underutilized Plant Species: The Case of Minor Millets in Kolli Hills, Tamil Nadu,
India. CAPRi Working Papers 69, International Food Policy Research Institute
(IFPRI).

Giindel, S., Hoschle-Zeledon, 1., Krause, B. and Probst, K. (2003) Underutilized Plant
Species and Poverty Alleviation. International Workshop on Underutilized Plant
Species, Leipzig, Germany, 6 - 8 May, 2003. InWEnt, Zschortau, Germany, and
GFU, Rome, Italy

Hernandez-Bermejo, J. and Le6n, J.E. (1992) Cultivos maiginados, otra perspectiva de 1492.
FAO, Rome, Italy

Hunter, D. and Heywood, V. eds. (2011) Crop Wild Relatives: A Manual of in Situ Conser-
vation. Earthscan, London, Washington, DC.

Hunter, D., Borelli, T., Beltrame, D., Oliveira, C., Coradin, L., Wasike, V., Wasilwa, L.,
Mwai, J., Manjella, A., Samarasinghe, G., Madhujith, T., Nadeeshani, H., Tan, A,
Ay, S., Glizelsoy, N., Lauridsen, N., Gee, E. and Tartanac, F. (2019) The Potential of
Neglected and Underutilized Species for Improving Diets and Nutrition. Planta. doi:
10.1007/500425-019-03169-4

Imrie, B.C., Bray, R.A., Wood, I.M. and Fletcher, R.J. eds. (1997) New Crops, New
Products, New Opportunities for Australian Agriculture. Volume 1: Principles and
Case Studies. Proceedings of the First Australian New Crops Conference, 811 July 1996,
University of Queensland, Australia. RIRDC, Barton, Australia/97/21.

IPGRI. (1998-2000) Monographs on Underutilized Crops. IPGRI, Rome, Italy.

IPGRI (2002) Neglected and Underutilized Plant Species: Strategic Action Plan of the Interna-
tional Plant Genetic Resources Institute, Rome, Italy.

Jaenicke, H. and Hoschle-Zeledon, 1. eds (2006) Strategic Framework for Underutilized
Plant Species Research and Development, with Special Reference to Asia and the Pacific, and
to Sub-Saharan Africa. International Centre for Underutilized Crops, Colombo, Sri
Lanka and Global Facilitation Unit for Underutilized Species, Rome, Italy, 33 pp.

Jaenicke, H. (2013) Research and Development of Underutilized Plant Species: Crops
for the Future — Beyond Food Security. Acta Hortic. 979, 33—44. doi: 10.17660/
ActaHortic.2013.979.1

Janick, J. and Simon, J.E. eds. (1990) Advances in New Crops. Proceedings of the First
National Symposium New Crops — Research, Development, Economics, 23—-26 October
1988. Timber Press, Portland, OR and Indianapolis.

Janick, J. and Simon, J.E. eds. (1993) New Crops. Proceedings of the Second National
Symposium New Crops — Exploration, Research, and Commercialisation, 69 October 1991.
Wiley, Chichester and Indianapolis.

Janick, J. ed. (1996) Progress in New Crops. Proceedings of the Third National Symposium:
New Crops, New Opportunities, New Technologies, 22—25 October 1996. ASHS Press,
Alexandria, VA and Indianapolis.

Janick, J. ed. (1999). Proceedings of the Fourth National Symposium New Crops and New Uses:
Biodiversity and Agricultural Sustainability. ASHS Press, Alexandria, VA.

Janick, J. and Whipkey, A. eds. (2002). Proceedings of the fifth National Symposium New
Crops and New Uses: Strength in Diversity. ASHS Press, Alexandria, VA.


https://doi.org/10.1007/s00425-019-03179-2
https://doi.org/10.1007/s00425-019-03169-4
https://doi.org/10.17660/ActaHortic.2013.979.1
https://doi.org/10.17660/ActaHortic.2013.979.1

Landmark NUS events and key publications 39

Kahane, R., Hodgkin, T., Jaenicke, H., Hoogendoorn, C., Hermann, M., Keatinge,
J.D.H. (Dyno), d’Arros Hughes, J., Padulosi, S. and Looney, N. (2013) Agrobiodi-
versity for Food Security, Health and Income. Agronomy for Sustainable Development
147. doi: 10.1007/513593-013-0147-8.  http://link.springer.com/article/10.1007/
$13593-013-0147-8

Kasolo, W., Chemining’'wa, G. and Temu, A. (2018) Neglected and Underutilized Species
(NUS) for Improved Food Security and Resilience to Climate Change: A Contextualized
Learning Manual for African Colleges and Universities. ANAFE.

Kour, S., Bakshi, P., Sharma, A., Wali, V., Jasrotia, A. and Kumari, S. (2018) Strategies
on Conservation, Improvement and Utilization of Underutilized Fruit Crops.
International Journal of Current Microbiology and Applied Sciences 7, 638—650. https://doi.
org/10.20546/1jcmas.2018.703.075

Leaman, D J, Fassil, H. and Thormann, I. (1999) Conserving Medicinal and Aromatic Plant
Species: Identifying the Contribution of the International Plant Genetic Resources Institute.
Study Commissioned by the International Development Research Centre (IDRC). IPGRI,
Rome, Italy.

Li, X., Siddique, K., Akinnifesi, F., Callens, K., Broca, S., Noorani, A. and Solh, M.
(2018) Future Smart Food-Rediscovering Hidden Treasures of Neglected and Underutilized
Species for Zero Hunger in Asia. Food and Agriculture Organisation of the United
Nations, Rome, Itlay (*).

Luczaj, L., Pieroni, A., Tardio, J., Pardo-de-Santayana, M., Sdukand, R., Svanberg, .
and Kalle, R. (2012) Wild Food Plant Use in 21st Century Europe, the Disappear-
ance of Old Traditions and the Search for New Cuisines Involving Wild Edibles. Acta
Societatis Botanicorum Poloniae 81(4), 359-370. https://doi.org/10.5586/asbp.2012.031

Mal, Bhag (1994) Underutilized Grain Legumes and Pseudocereals — Their Potentials in Asia.
R APA/FAO, Bangkok, Thailand.

Maundu, P.M. (1997) The Status of Traditional Vegetable Utilization in Kenya. In:
Guarino, L. (ed.) Traditional African Vegetables. Promoting the Conservation and Use of
Underutilized and Neglected Crops. Institute of Plant Genetics and Crop Plant Research,
Gatersleben, Germany/International Plant Genetic Resources Institute, Rome, Italy.

Mbosso, C., Boulay, B., Padulosi, S., Meldrum, G., Mohamadou, Y., Berthe Niang,
A., Coulibaly, H., Koreissi, Y. and Sidibé, A. (2020) Fonio and Bambara Groundnut
Value Chains in Mali: Issues, Needs, and Opportunities for Their Sustainable Promo-
tion. Sustainability 12, 4766.

Meldrum, G., Padulosi, S., Lochetti, G., Robitaille, R. and Diulgheroff, S. (2018) Issues
and Prospects for the Sustainable Use and Conservation of Cultivated Vegetable
Diversity for More Nutrition-Sensitive Agriculture. Agriculture 8, 112.

Morico, G., Grassi, F. and Fideghelli, C. (1999) Horticultural Genetic Diversity:
Conservation and Sustainable Utilization and related International Agreements. Acta
Horticulture 495, 233-244. doi: 10.17660/ActaHortic.1999.495.9

NAS (1975) Underexploited Tropical Plants with Promising Economic Value. National Academy
of Sciences, Washington, DC

National Research Council (1989) Lost Crops of the Incas: Little-Known Plants of the Andes
with Promise for Worldwide Cultivation. The National Academies Press, Washington,
DC. https://doi.org/10.17226/1398

National Research Council (1996) Lost Crops of Africa: Volume I: Grains. The National
Academies Press. https://doi.org/10.17226/2305

National Research Council (2006) Lost Crops of Africa: Volume II: Vegetables. The National
Academies Press. https://doi.org/10.17226/11763


http://link.springer.com
http://link.springer.com
https://doi.org/10.20546/ijcmas.2018.703.075
https://doi.org/10.20546/ijcmas.2018.703.075
https://doi.org/10.5586/asbp.2012.031
https://doi.org/10.17226/1398
https://doi.org/10.17226/2305
https://doi.org/10.17226/11763
https://doi.org/10.1007/s13593-013-0147-8
https://doi.org/10.17660/ActaHortic.1999.495.9

40 Stefano Padulosi and Danny Hunter

National Research Council (2008) Lost Crops of Africa: Volume III: Fruits. The National
Academies Press. https://doi.org/10.17226/11879

ODI (1997) Neglected Species, Livelihoods and Biodiversity in Difficult Areas: How
Should the Public Sector Respond? Natural Resources Perspective Paper 23, ODI,
London, UK.

Padulosi S.; Laghetti, G., Pienaar, B., Ng, N.Q. and Perrino, P. (1991). Survey of wild
Vigna in Southern Africa. FAO/IBPGR Plant Genetic Resources Newsletter, 83(84): 5—8.

Padulosi, S., Ager, H. and Frison, E.A. (1994) Report of the IPGRI Workshop on Con-
servation and Use of Underutilized Mediterranean Species. Valenzano, Bari, 26-30
March 1994. International Plant Genetic Resources Institute, Rome, Italy.

Padulosi, S. (1997) The Neglected Wild and Cultivated Plant Richness of the
Mediterranean. In Monti, L. (ed.) Proceedings of the CNR International Workshop
on “Neglected Plant Genetic Resources with a Landscape and Cultural Importance for the
Mediterranean Region”, 7-9 November 1996, Naples (Italy).

Padulosi, S. (1998) The Underutilized Mediterranean Species Project (UMS): An Example
of IPGRI’s Involvement in the Area of Underutilized and Neglected Species. Third
Regional Workshop of MEDUSA, Coimbra, Portugal 27-28 April 1998. CHIEAM,
Crete, Greece.

Padulosi, S. ed. (1999a) Priority Setting for Underutilized and Neglected Plant Species of the
Mediterranean Region. Report of the IPGRI Conference, 9—11 February 1998, ICARDA,
Aleppo. Syria. International Plant Genetic Resources Institute, Rome, Italy (¥).

Padulosi, S. (1999b) A Comprehensive vs. Limited List of Crops: The Role of Underutilized
Crops and Opportunities for International Centres, Donor Communities and Recip-
ient Countries. In Broggio, M. (ed.) Exploring Options for the List Approach - Proceeding
International Workshop: Inter-dependence and Food Security Which List of PGRFA for the
Future Multilateral System? Istituto Agronomico per 1’Oltremare, 2 October 1998,
Firenze, Italy. (*).

Padulosi, S. (1999¢) Criteria for Priority Setting in Initiatives Dealing with Underutilized
Crops in Europe. In Gass, T., Frese, F. Begemann, F. and Lipman, E. (compilers) Im-
plementation of the Global Plan of Action in Europe — Conservation and Sustainable Utilization
of Plant Genetic Resources for Food and Agriculture. Proceedings of the European Symposium,
30 June-3 July 1998, Braunschweig, Germany. International Plant Genetic Resources
Institute, Rome.

Padulosi, S. (2000) A Comprehensive vs. Limited List of Crops: The Role of Underuti-
lized Crops and Opportunities for International Centres, Donor Communities and
Recipient Countries. Paper presented at the IAO Workshop on “Interdependence and
Food Security: Which List of PGRFA for the Future Multilateral System?” Istituto Agronom-
ico per I’Oltremare, 1-2 October, Firenze, Italy.

Padulosi, S., Hodgkin, T., Williams, J.T. and Haq, N. (2002) Underutilized Crops:
Trends, Challenges and Opportunities in the 21st Century. In Engels, J.M.M., et al.
(eds.) Managing Plant Genetic Resources. CABI-IPGRI, pp. 323-338. http://eprints.
soton.ac.uk/53786/

Padulosi, S. and Hoeschle-Zeledon, 1. (2004) Underutilized Plant Species: What Are
They? LEISA 20(1), 5-6.

Padulosi S., Noun, J.R., Giuliani A., Shuman F., Rojas, W. and Ravi, B. (2003) Real-
izing the benefits in neglected and underutilized plant species through technology
transfer and Human Resources Development. In P.J. Schei, Odd T. Sandlund and R.
Strand (eds.) Proceedings of the Norway/UN Conference on Technology Transfer and Capacity
Building, June 23-27, 2003, Trondheim, Norway, pp. 117-127.

Padulosi, S., Bergamini, N. and Lawrence, T. eds. (2011) On-farm Conservation of
Neglected and Underutilized Species: Status, Trends and Novel Approaches to Cope


https://doi.org/10.17226/11879
http://eprints.soton.ac.uk
http://eprints.soton.ac.uk
http://eprints.soton.ac.uk

Landmark NUS events and key publications 41

with Climate Change. Proceedings of an International Conference, 14—16 June 2011,
Friedrichsdorf, Frankfurt. Bioversity International, Rome, Italy.

Padulosi, S., Heywood, V., Hunter, D. and Jarvis, A. (2011) Underutilized Species and
Climate Change: Current Status and Outlook. Crop Adaptation to Climate Change,
507-521. https://doi.org/10.1002/9780470960 929.ch35

Padulosi, S., Galluzzi, G. and Bordoni, P. (2013) Una Agenda para las species olividadas
e infrautilizadas. AMBIENTA no 102 (March 2013) Ministero de Agricultura,
Alimentacion e Medio Ambiente, Spain, pp. 26-37. https://cgspace.cgiar.org/handle/
10568/35559

Padulosi, S., Amaya, K., Jiger, M., Gotor, E., Rojas, W. and Valdivia, R. (2014) Holistic
Approach to Enhance the Use of Neglected and Underutilized Species: The Case of
Andean Grains in Bolivia and Peru. Sustainability 2014(6), 1283—1312. doi: 10.3390/
su6031283. ISSN 2071-1050

Padulosi, S., Bhag Mal, King, O.I. and Gotor, E. (2015) Minor Millets as a Central
Element for Sustainably Enhanced Incomes, Empowerment, and Nutrition in Rural
India. Sustainability 7(7), 8904—8933. doi: 10.3390/su7078904. http://www.mdpi.
com/2071-1050/7/7/8904

Padulosi, S., Cawthorn, D.-M., Meldrum, G., Flore, R., Halloran, A. and Mattei, F.
(2019) Leveraging Neglected and Underutilized Plant, Fungi, and Animal Species for More
Nutrition Sensitive and Sustainable Food Systems. In Ferranto, P., Berry, M.E. and
Anderson, J.R. Eds. ‘Encyclopedia of Food Security and Sustainability’- General and
Global Situation. Vol III, 361-370 pp. Elsevier.

Padulosi, S., Roy, P. and Rosado-May, F.J. (2019) Supporting Nutrition Sensitive Agriculture
through Neglected and Underutilized Species — Operational Framework. Bioversity Interna-
tional and IFAD, Rome, Italy, 39 pp. https://cgspace.cgiar.org/handle/10568/102462

Paroda, R.S. (1988) Life Support Plant Species: Diversity and Conservation. Proceedings of
CSC/ICAR International Workshop on Maintenance and Evaluation of Life Support Species
in Asia and the Pacific Region. NBPGR, New Delhi, India, 47 April 1987.

Polar, V. and Flores, P. (2008) Priority Setting for Research on Neglected and Underuti-
lized Species. September 2008. SGRP (*).

Putter, A. ed. (1994) Safeguarding the Genetic Basis of Africa’s Traditional Crops. CTA/IPGRI.

Quah, S.C., Kiew, R., Bujang, 1., Kusnan, M., Haq, N. and de Groot, P. eds. (1996)
Underutilized Tropical Plant Genetic Resources, Conservation and Ultilization. Universiti
Pertanian Malaysia Press, Kuala Lumpur.

Raneri, J.E., Padulosi, S., Meldrum, G. and King, O.I. (2019) Promoting Neglected
and Underutilized Species to Boost Nutrition in LMICs. In UNSCN Nutrition 44 —
Food Environments: Where People Meet the Food System, pp. 10-25. Retrieved
on 16 July 2020. https://www.unscn.org/uploads/web/news/ UNSCN-Nutrition44-
WEB-version.pdf

Rudebjer, P. (2014) Strengthening Capacities and Informing Policies for Developing
Value Chains of Neglected and Underutilized Crops in Africa. EU ACP Grant
FED/2013/330-241. Bioversity International. Retrieved on 16 July 2020. http://www.
nuscommunity.org/fileadmin/templates/nuscommunity.org/upload/documents/
Capacity_and_value_chains_project/ACP_CapDev_factsheet_web.pdf

Schippers, R. (2000) African Indigenous Vegetables — An Overview of the Cultivated Species.
Chatham: Natural Resources Institute/ACP-EU Technical Centre for Agricultural
and Rural Cooperation.

Schmelzer, G.H. and Omino, E.A. (2003) Plant Resources of Tropical Africa. Proceedings
of the First PROTA International Workshop. PROTA Foundation.

Sidibé, A., Meldrum, G., Coulibaly, H., Padulosi, S., Traore, 1., Diawara, G., Sangaré,
A.R. and Mbosso, C. (2020) Revitalizing Cultivation and Strengthening the Seed


https://doi.org/10.1002/9780470960 929.ch35
https://cgspace.cgiar.org
https://cgspace.cgiar.org
http://www.mdpi.com
http://www.mdpi.com
https://cgspace.cgiar.org
https://www.unscn.org
https://www.unscn.org
http://www.nuscommunity.org
http://www.nuscommunity.org
https://doi.org/10.3390/su6031283
https://doi.org/10.3390/su6031283
https://doi.org/10.3390/su7078904

42 Stefano Padulosi and Danny Hunter

Systems of Fonio and Bambara Groundnut in Mali through a Community Biodi-
versity Management Approach. Plant Genetic Resources: Characterization and Utilization
1-18. doi: 10.1017/51479262120000076

Smale, M. (1997) The Green Revolution and Wheat Genetic Diversity: Some Unfounded
Assumptions. World Development 25(8), 1257-1269.

Smartt, J. and Haq, N. eds. (1997). Domestication, Production and Utilization of New Crops.
International Centre for Underutilized Crops, Southampton.

Tapia, M.E. (1997) Cultivos Andinos Subexploitades y su aparte a la Alimentacion. FAO,
Santiago, Chile.

Temu, A., Rudebjer, P., Yaye, A.D. and Ochola, A.O. (2016) Curriculum Guide on
Neglected and Underutilized Species: Combating Hunger and Malnutrition with
Novel Species. African Network for Agriculture, Agroforestry and Natural Resources Education
(ANAFE), Nairobi, Kenya and Bioversity International, Rome, Italy.

Thies, E. (2000) Promising and Underutilized Species. Crops and Breeds Eschborn, July
2000. GTZ.

Tyagi, R., Pandey, A., Agrawal, A., Varaprasad, K., Paroda, R., & Khetarpal, R. (2017).
Regional expert consultation on underutilized crops for food and nutritional security in Asia and the
Pacificthematic, strategic papers and country status reports. Bangkok, Thailand: Asia-Pacific
Association for Agricultural Research Institutions (APAARI).Tyagi, R.K., Agrawal,
A., Pandey, A., Varaprasad, K.S., Paroda, R.S. and Khetarpal, R.K. (2018a) Proceedings
and Recommendations of ‘Regional Expert Consultation on Underutilized Crops for Food and
Nutritional Security in Asia and the Pacific’. Asia-Pacific Association for Agricultural Re-
search Institutions (APAARI), Bangkok, Thailand, 13—15 November 2017, ix + 56p.

Tyagi, R.K., Agrawal, A., Pandey, A., Varaprasad, K.S., Paroda, R.S. and Khetarpal,
R.K. (2018b) Regional Expert Consultation on Underutilized Crops for Food and
Nutritional Security in Asia and the Pacific — Thematic, Strategic Papers and Coun-
try Status Reports. Asia-Pacific Association for Agricultural Research Institutions
(APAARI), Bangkok, Thailand, 13—15 November 2017, x+349 p.

Ulian, T., Hudson, A., Mattana, E. and Hechenleitner, P. compilers (2015). Project
MGU - The Useful Plants Project Review Workshop Report, 2224 July 2014.
Royal Botanic Gardens, Kew.

Ulian, T., Diazgranados, M., Pironon, S., Padulosi, S., Liu, U., Davies, L., Howes, M.-
J.R., Borrell, J., Ondo, I., Pérez-Escobar, O.A., Sharrock, S., Ryan, P., Hunter, D.,
Lee, M.A., Barstow, C., Luczaj, L., Pieroni, A., Cimara-Leret, R., Noorani, A., Mba,
C., Womdim, R.N., Muminjanov, H., Antonelli, A., Pritchard, H-W. and Mattana,
E. (2020) Unlocking Plant Resources to Support Food Security and Promote Sustain-
able Agriculture. People Plants Planet 2(5), 421-445. ISSN: 2572-2611.

Vietmeyer, N. (2008) Underexploited Tropical Plants with Promising Economic Value:
The Last 30 Years. Tree for Life Journal 3, 1.

Wickens, G.E., Haq, N. and Day, P. (1989) New Crops for Food and Industry. Chapman and
Hall, London.

Will, M. (2008) Promoting Value Chains of Neglected and Underutilized Species for Pro-Poor
Growth and Biodiversity Conservation. GFU, Rome, Italy, 109 pp.

Williams, J.T., ed. (1993) Underutilized Crops: Pulses and Vegetables. Chapman & Hall,
London.

Williams, J.T., ed. (1995) Underutilized Crops: Cereals and Pseudocereals. Chapman & Hall,
London.

Williams, J.T. and Haq, N. (2000) Global Research on Underutilized Crops. An Assessment of
Current Activities and Proposals for Enhanced Cooperation. ICUC, Southampton.


https://doi.org/10.1017/S1479262120000076

3

MAINSTREAMING NUS FOR
NUTRITION-SENSITIVE AGRICULTURE

A holistic approach

Stefano Padulosi, Gennifer Meldrum,
Shantanu Mathur and Danny Hunter

Introduction

Neglected and underutilized species (NUS) can be strategic allies in developing
nutrition-sensitive agricultural food systems and value chains. This statement is
supported by the numerous benefits linked to these resources, as highlighted in
Chapter 1 (Fanzo et al., 2013; Baldermann et al., 2016; Bioversity International,
2017; Fanzo, 2019; Hunter et al., 2020). The central message reiterated through-
out this book is that the diversification of food and production systems is urgently
needed to adapt to climate change and fight malnutrition in all its forms, and to
that regard, NUS offer a tremendous opportunity for impact. How to translate
this vision into reality is not an easy task as many barriers need to be addressed,
including the lack of or very poor germplasm conserved in ex sifu gene banks,
lack of improved varieties, poor seed systems, low competitiveness in produc-
tion systems and markets and little awareness from consumers of their livelihood
benefits. Tools to assist practitioners, and more generally all actors, involved in
the use-enhancement and promotion of NUS are needed. As an answer to this
call, in 2019, Bioversity and IFAD published an operational framework to assist
experts of IFAD and other agencies at the national and international levels, in
promoting the wider use of biodiversity, especially NUS, to improve the lives
of people, particularly the more vulnerable members of society (Padulosi et al.,
2019). This document complements other valuable strategic papers recently pub-
lished (e.g., Hunter et al., 2015; Kennedy et al., 2017; Romanelli et al., 2020),
briefly presented later in the chapter.

The scope of this chapter is to present this framework and enrich it with
reflections prompted by the 2020 global COVID-19 pandemic, for which we
believe NUS can prove to be a valuable instrument to strengthen the resilience
of local communities, their weakened economies and food systems.
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Key messages we would like to convey through this chapter include:

e The deployment of local crops in food and production systems is a valid con-
tribution in addressing malnutrition and making food systems more resilient
and adapted to changes such as those brought about by the current pandemic.

e NUS are highly adapted to agro-ecological niches and marginal areas and
are able to withstand climatic stresses. These traits are of great value to feed
the world’s growing population and, as such, should be better recognized
and leveraged in support of agricultural strategies and development plans.

*  The enhanced use of NUS offers important opportunities for income gen-
eration and empowerment of both rural and urban communities, benefiting
also vulnerable members of society.

*  Bringing NUS out of their condition of marginalization requires a viable
market that creates incentives for local value-chain actors, to secure their con-
tinued cultivation, processing and marketing. Upgrading NUS value-chains
must, therefore, be a central element of their overall promotion strategy.

* A holistic value-chain approach is needed for the promotion of NUS. ‘Si-
loed’ formulas focusing on specific aspects (e.g., only on the conservation,
cultivation or marketing), as typically practiced for commodity crops, can-
not work for NUS. These resources have been for too long at the margins of’
research and development, and multiple technological gaps need to be filled.
The holistic approach we are advocating for NUS should be interdiscipli-
nary, multi-sectorial, highly participatory and gender sensitive.

*  Nutrition education and behavioral change communication are key ele-
ments in the design of projects addressing NUS.

*  Bringing back NUS to the table cannot be achieved without consistent invest-
ment in human resources of National Agricultural Research Systems (NARS).
Capacity building and training are urgently needed if we are to seize the mul-
tiple opportunities linked to NUS and build more resilient food systems.

Nutrition-sensitive agriculture and value chains

According to FAO, nutrition-sensitive agriculture is “a food-based approach to
agricultural development that puts nutritionally rich foods, dietary diversity, and
food fortification at the heart of overcoming malnutrition and micronutrient
deficiencies” and nutrition-sensitive value chains are those that

leverage opportunities to enhance supply and/or demand for nutritious
food, as well as opportunities to add nutritional value (and/or minimize
food and nutrient loss) at each step of the chain, thereby improving the
availability, affordability, quality and acceptability of nutritious food. For
lasting impacts on nutrition, this approach must be placed in a sustainabil-
ity context as well.

(FAO, 2014a,b)



NUS for nutrition-sensitive agriculture 45

Numerous publications have addressed issues and the strategies needed to make
agriculture and value chains more nutrition sensitive (e.g., Jaenicke and Virchow,
2013; Gelli et al., 2015; FAO, 2017; De la Pena and Garrett, 2018). Among these,
worth mentioning is the outcome of the Second International Conference on
Nutrition (ICN2), which specifically calls upon governments to “[P]romote
the diversification of crops including underutilized traditional crops, more pro-
duction of fruits and vegetables, and appropriate production of animal-source
products as needed, applying sustainable food production and natural resource
management practices”! (FAO and WHO, 2014).

While referring to basic concepts contained therein, through this chapter we
will focus exclusively on interventions to leverage the value of NUS for better
attaining these goals.

In the NUS operational framework published by Bioversity and IFAD,
we indicate five basic steps for making a project focusing on NUS more
nutrition-sensitive, viz:

*  Step 1. Explicitly incorporate improved nutrition into the project’s outcomes
and integrate nutrition-relevant indicators into the project logical framework

e Step 2. Include a situation analysis on the nutrition context, addressing
nutrient gaps of the targeted beneficiaries

e Step 3. Include nutrient-dense NUS in agricultural development interven-
tions to complement the nutritional role played by staple crops, guided by a
diversity-based sustainable diet approach

* Step 4. Trace the impact pathway — i.e., the steps from breeding and
production to seed systems and consumption needed for the intervention —
to improve nutrition along the NUS value chain. Design and implement
project actions that will affect that pathway in a systematic way. For
example, determine if a change in dietary habits is needed to encourage the
consumption of some wild edibles and, if so, implement actions to promote
such changes. Allocate dedicated financial resources to implementing
nutrition-sensitive activities

e Step 5. Through policy engagement and partnerships, address opportunities
and constraints that affect the pathway and the effectiveness of the interven-
tion, such as the institutional environment, gender and/or environmental
sustainability, and define implementing arrangements for the delivery of
nutrition-sensitive activities.

The central element of efforts needed to mobilize NUS in support of
nutrition-sensitive agriculture is the holistic value-chain, as represented in
Figure 3.1. This approach consists of highly interlinked interventions in each
of the segments of a typical value chain for agricultural products, namely input
supply, production, harvest, processing, marketing and final consumption. For
those products realized by farmers exclusively for home consumption, market-
ing interventions would not be necessary. The holistic value-chain approach has
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FIGURE 3.1 Holistic value-chain approach (from Padulosi et al., 2019).

been designed to tackle simultaneously three key challenges: climate change,
nutrition and the economic insecurity of local communities. As shown in Figure
3.1, the synergistic interaction among the outcomes resulting from these multiple
interventions is expected to ultimately strengthen the resilience of livelihoods as
a whole, which should be the ultimate goal of our efforts. A description of the
key entry points along the value chains in order to realize such an impact with
regard to NUS is provided in the following section.

Entry points to strengthen nutritional outcomes in
NUS value chains

Area 1: input supply

This is the first entry point that is often overlooked by agricultural develop-
ment projects, interested more in the income-generation dimension with little or
no attention paid to the inter- and intra-specific diversity needed to strengthen
nutrition. Our experience is that too many rural development projects focus
minimally (or not at all) on plant genetic resources. Most often, attention is
dedicated to only a handful of commodity crops (and few varieties therein) with
the intent of boosting agricultural food production and fighting poor nutrition,
neglecting the wealth of wild and cultivated species that can be mobilized for
climate-smart and nutrition-sensitive agriculture. In such a segment of the value
chain, the following interventions are, thus, highly recommended:

e Include NUS in the design of projects (especially species that might iden-
tify key nutrient gaps that cause local malnutrition problems) and ensure
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that their diversity is well represented at both inter- and intra-specific level.
Provision of germplasm should be accompanied also by enhanced cultivating
practices, where both scientific and traditional knowledge should be lever-
aged. This is very relevant for NUS, whose knowledge is highly vulnerable
due to the abandonment of cultivation. The selection of species to focus
upon should be carried out in a highly participatory fashion, involving all
stakeholders and giving ample space to women, who are the strategic nexus
between biodiversity and nutrition in households (King and Padulosi, 2017).
An assessment of the nutrition needs and seasonal dynamics of hunger in
target communities should be also carried out in conjunction with the
previous activity so as to develop an inventory of local food species (wild
and cultivated) to allow all players to gain a good understanding of spec-
trum of species that can be potentially targeted by the project. The result
of these surveys will be then used to develop seasonal calendars that can
guide local populations in making best use of existing overlooked nutritious
food species and to strengthen their capacity in fighting nutrition insecurity,
especially during the ‘hungry season’ (see also Chapter 14).

Support an ex situ/in situ integrated conservation of the genetic resources of
NUS and their associated traditional knowledge. This is a fundamental in-
tervention that must be factored into projects if we are to secure continued
access to the genetic diversity of NUS by user communities and safeguard,
at the same time, associated relevant practices (agronomic, value addition,
food preparation, ceremonies, rituals, etc.) that allow the cultivation, use
and appreciation of these traditional resources across generations (Padulosi
et al., 2012).

Encourage visibility of NUS in local and regional media such as newspapers,
radio and TV programs, as well as social media. Great opportunities exist in
this regard by involving renowned chefs who can help remove the ‘food of
the poor’ stigma associated with many NUS (Amaya et al., 2019).

Promote the use of NUS in schools and universities through curriculum
development —describing the multiple values of NUS — and associated ac-
tivities such diverse school gardens (for more in this regard, see Rudebjer
and Padulosi, 2018; Hunter et al., 2020). The agronomists of the future need
to be informed on the value of crop diversification for supporting nutrition
security and, at the same time, as future consumers, need to be aware of
the multiple values of NUS, too often disregarded by younger generations
as the food of the poor. Campaigns on the importance of NUS should be
done in an enticing fashion, that is, by linking NUS to nutrition and health
benefits as well as to other important benefits, such as the sustainability of
our planet, keeping options for the future, building resilient food systems
in difficult times (including those experienced during the COVID-19 pan-
demic) and maintaining cultural and territorial identity. Lastly, consumers
should all be made aware that by bringing NUS back to the table, there
will be more options for tastier, more exciting, more attractive and more
enjoyable foods!
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* By nature of their definition, NUS are largely undervalued by the scientific
community and, as such, there is often limited data available on their po-
tential, such as micronutrient content or climate-change resilience. In cases
where micronutrient content is unknown, it can be estimated with a similar
food or categorized according to the common nutritional traits of its food
group characteristics (e.g., dark green leafy vegetables can contain iron and
vitamin A). Local and scientific knowledge associated with prioritized spe-
cies is essential, as some may have toxic or anti-nutrient properties, and must
be consumed in small amounts or be processed in special ways to reduce
toxin content.

Area 2: production

Once NUS species have been selected, the second entry point for nutrition along
the value chain is related to production activities, such as selecting better vari-
eties, developing better practices and improving seed. In order to support these
activities, decentralized seed-selection and production systems should be pursued
(de Boef et al., 2013; Vernooy et al., 2015). Increased use of NUS should be pro-
moted to help farmers take maximum advantage of the hardiness of these species,
especially in vulnerable, drought-prone areas where such crops are able to exploit
residual soil moisture and scarce rainfall regimes.

NUS should be included by projects and research managers in crop selec-
tion programs/participatory variety selection, and national and international
players should cooperate to build up a knowledge base on the performance
of these species, which is currently lacking. More studies should be carried
out on their agronomic performance, including climate-change adaptation,
which will allow for comparisons with staple crops. Such a process should in-
volve all value-chain actors and encourage the active participation of women,
Indigenous Peoples and youth. Evaluation activities should go hand-in-hand
with the characterization of germplasm for nutritional content to support the
selection of resilient, nutritious and economically interesting species (Shan-
thakumar et al., 2010).

More efforts should be deployed in improving cultivation practices for NUS,
aiming at the elimination of drudgery in the field and the introduction of inno-
vative cultivation approaches based on the blending of traditional knowledge and
scientific findings (Padulosi et al., 2015).

Area 3: harvest

Improved harvesting methods and storage are extremely relevant for NUS, espe-
cially for perishable, nutritious-dense fruits and vegetables. In view of the great
progress achieved in these disciplines for commodity crops, there is ample scope
for leveraging such knowledge for the benefit of NUS. Our experience has of-
ten demonstrated that modest investments in support of innovation to improve
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harvest operations can be highly valuable, as in the case of amaranth, where a
simple modification in the sieve of the harvesting machine used by farmers in
Peru has resulted in a significant reduction of grain loss during harvest operations
(Padulosi et al., 2014).

Area 4: processing

Improved processing can play a key role in making nutritious NUS foods more
convenient, increasing their shelf life and facilitating transportation and storage.
However, processing enhancement of NUS should be done in ways that respect
their nutritional value and do not prioritize convenience or aesthetic values only.
For instance, in the case of fonio and minor millets, polishing operations have
been observed to eliminate important micro-nutrients. Grains will look more
appealing to consumers, but will be of reduced nutritional value. Improved pro-
cessing can be achieved by building on Indigenous technology and local wisdom
and/or by blending it with scientific findings. Our work on minor millets in In-
dia has also taught us that simple, inexpensive processing technology mobilized
by local communities has played a strategic role in boosting local consumption
of these crops at the household level, while also supporting women-led cottage
industries and local entrepreneurship, and has contributed to building greater
self-esteem and empowerment among vulnerable women groups (King and
Padulosi, 2017).

Area 5: marketing

Marketing aspects for NUS are crucial to bringing about sustainability in their
use enhancement. Nutritious local crops should be effectively marketed if we are
to strengthen nutrition-sensitive agriculture and value-chains. A highly strategic
component of this domain of action (but equally relevant also for the other areas)
has to do with making food more diverse and healthier and, at the same time,
delicious and appealing to the consumer, but doing so in ways that involve and
incentivize all actors in the food systems, taking into account multiple agendas
and values (Béné et al., 2020). Some of the actions related to marketing NUS
more effectively include:

»  Supporting the identification and promotion of nutrition-friendly packaging
solutions, including approaches accessible by local vendors and small mar-
kets. Strengthen collectives (e.g., cooperatives, farmer-producer companies,
confederations of producers/MSME:s) that are required to build reliable dis-
tribution systems for NUS that are typically produced locally and by farmers
not well-linked to other value-chain actors.

*  Dissemination of nutrition information as well as any other information
on useful traits present in NUS (including resilience) for promoting greater
adoption of these species by value-chain actors.
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Area 6: consumption

This is the last segment of the value chain and the one most strategic in influenc-
ing the wider utilization of NUS purchased in markets or self~-produced/bartered
and consumed in farmers’ households. Key actions at this stage include:

*  Building greater awareness among consumers on the importance of NUS for
crafting more nutritious and healthy diets.

e Developing products, and marketing healthy and sustainable options, as
appealing and delicious, rather than focusing on messages of health, sustain-
ability or abstemiousness (Sunstein, 2015; Vermeulen et al., 2020).

e Supporting the development of more attractive food recipes and food
products that have NUS as ingredients, by organizing cooking sessions with
community members and forming alliances between growers, value-chain
actors, chefs and food movements to promote local foods that are also
culturally appealing; and challenging niche-identity associations of these
products through marketing and branding.

* Raising awareness of decision-makers to get their buy-in regarding NUS in
government actions and seeking their commitment to developing enabling
policies that mainstream NUS into agricultural development programs.
Policy-makers should be engaged from the start of NUS projects in order
to solicit a sense of ownership in the promotion of NUS. Among the policy
interventions for NUS, the most strategic are those favoring their inclusion
in procurement programs (e.g., targeting school feeding programs) (Hunter
et al., 2019), or those regarding the inclusion of NUS in school/university
curricula, which can have important multiplier effects (Rudebjer and Padu-
losi, 2018; Amaya et al., 2019; Hunter et al., 2020).

¢ Making healthy and sustainable options highly visible and increasing the
quantity of them available in menus, supermarkets, at catered events, schools,
canteens or other public places (Vermuelen et al., 2020).

*  Supporting food festivals and using these occasions to recognize the invalua-
ble work done by custodian farmers, Indigenous Peoples, women and youth
organizations for safeguarding the wealth of NUS and traditional knowl-
edge, and, at the same time, support a better understanding of the Indige-
nous approach to marketing.

* Introducing marketingintelligence systems that allow the sharing of informa-
tion on offer and demanding estimates via mobile phones across value-chain
actors, as successfully practiced in Kenya and other African countries. Such
an approach should be complemented by the development of mobile apps for
local communities that can provide information about where to find NUS
in the community, how to use them and how to buy and sell them. These
apps could be particularly helpful in situations when people’s movements are
limited, such as conditions experienced during the COVID-19 pandemic.
Promoting local foods through convenient mobile apps can the winning
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card for bringing NUS to the masses; to that end, it could be useful to rep-
licate (or join) currently available systems that link consumers with farmers
markets (see f.e. apps like Farmstand and Locavore).”

Cross-cutting issues

In addition to the entry points mentioned above, there are interventions that
can be considered that cut across the entire value chain. The NUS operational
framework (Padulosi et al., 2019) stresses, in particular, those related to capacity
building and empowering vulnerable groups.

Capacity building

Scaling up best practices to more effectively use NUS will need a robust in-
vestment in capacity building that benefits different stakeholders and covers
highly interlinked themes, including adaptation to climate change of agricul-
tural production, food and nutrition security, value chains and marketing issues,
raising public awareness and policy advocacy. Strengthening the governance and
technical capacity of farmer associations, especially Indigenous food community
associations, will need to be pursued as part of a broader public—private partner-
ship initiative and investment goal in the agricultural marketing of NUS.

Dealing with NUS calls for a broad interdisciplinary understanding of their
roles, which is too often not registered among R&D experts and rural advisory
services in most NARS (Raneri et al., 2019). During project design we should,
thus, create opportunities for an interdisciplinary dialogue among stakeholders
where knowledge about NUS is provided and shared. These interactions will
allow all stakeholders to become acquainted with the roles of NUS, especially
regarding their resilience, nutritional values and income-generation opportuni-
ties and understand the importance of building synergy across such disciplines
for sustained impact (Ulian et al., 2020). These participatory reviews can be
supported through ex ante analysis to capture existing values of NUS in the so-
cloeconomic context of the target areas through available data and food system
modelling.

Strengthening the capacities of community members, including women,
youth and Indigenous Peoples, is needed in order toto boost production effi-
ciency, improve post-production, technologies, business and entrepreneurship
skills as well as enhance markets and market information, sustainable investments
in physical infrastructure and access to produce.

With regard to access to markets, the networks of local, weekly markets
present in most countries can be leveraged to sell NUS. This will be sustain-
able only if NUS marketing bottlenecks are effectively addressed, such as the
possible isolation of production areas from marketplaces and the existence of
poor infrastructure for storage, processing and packaging. Specialized technical
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assistance for NUS products and market development, along with agri-business
capacity-building and mentoring of producer groups, should be also pursued.
Innovative technologies for NUS processing and their commercial viability need
to be tested in a commercial context to promote scalability.

The promotion of wild species should be done with caution so as to avoid
overharvesting; domestication can be an effective intervention to mitigate that
risk (Padulosi et al., 2002). In view of the considerable efforts needed in the
domestication process (long-term field and laboratory experiments, marketing
research, etc.), it should receive the support of government research institutions,
universities and the private sector and could also benefit from being included in
agricultural and rural development projects (Heywood, 1999).

Locally available biodiversity may not be able to address all the issues related
to poor diet quality and malnutrition. A combination of that, along with other
approaches, including the introduction of nutritious species from elsewhere, may
be required to fill possible gaps.

Cross-collaboration between agricultural extension and rural health services can
be effective for promoting resilient and nutritious NUS in diets and production sys-
tems. Training extension agents on the agronomy, marketing and nutrition aspects
of NUS is a strategic way to leverage their role for the promotion of NUS (Raneri
et al., 2019). Strengthening their familiarity with the wild and semi-domesticated
plants in the local environment will support their role in assisting communities
in the identification of priority species. Understanding local diets and nutrition
issues in target populations supports the prioritization process. Sensitization on lo-
cal consumption preferences and perceptions, and how to engage with farmers to
collect this type of information, is also important for understanding demand-side
issues. Building the capacity to recognize important actors in the value-chain and
establishing a proactive attitude to reach out and engage these actors to overcome
bottlenecks will help advance the use-enhancement of these nutritious species.

The dearth of data on crop adaptation can be addressed through the use of par-
ticipatory varietal selection done in farmers’ fields. Crowdsourcing can be a highly
effective way to select the best varieties whose performance is assessed in the con-
text of where the need is, and not at the research stations (van Etten et al., 2017).

The use-enhancement of NUS can be a cost-effective and culturally appro-
priate way to improve the resilience of local food systems, as well as farming
household incomes and nutrition. NUS can be integrated into existing extension
programs that focus on commodity species. For example, NUS of fruits and veg-
etables should be considered in any project working to increase the availability
and marketing of major staples (Padulosi et al., 2018).

Empowerment of vulnerable groups

The use-enhancement of NUS is a robust way to empower women, Indigenous
Peoples, rural youth and other vulnerable groups who depend on these species for
their livelihoods. Economic empowerment should be at the core of these actions.
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This includes designing interventions targeted at strengthening community in-
stitutions and farmer groups as a tool for empowering marginalized communi-
ties. Groups should be supported in the areas of adaptive extension, leveraging
local agrobiodiversity, market access, agro-processing and value addition, paying
particular attention to business skills development and market orientation. These
actions should be designed through a culturally sensitive lens. Use-enhancement
of NUS along the value chain should be driven by equity considerations and the
inclusion of vulnerable groups (Rosado-May et al., 2018).

Additional frameworks and policies that enhance the
mainstreaming of NUS value-chains for improved nutrition

While Indigenous Peoples and local communities have been nurturing and using
NUS for many generations, it is only in the more recent post-Green Revolution
period that NUS have become a focus of global policy in general (see Chapter 1)
and, only even more recently, that they have been considered a portfolio of foods
that can substantially contribute to more sustainable solutions to global mal-
nutrition. The operational framework supporting nutrition-sensitive agriculture
through the greater use of NUS described in this chapter is an additional resource
to the growing basket of tools that aims to mainstream NUS into more projects,
programs and investments for improved nutrition, and which are important in-
struments for strengthening collaboration between the agriculture, nutrition and
health and environmental sectors.

A major milestone in the recognition of the important role NUS, and
biodiversity more broadly, can play in improving nutrition and human health was
the establishment of the Framework for a Cross-Cutting Initiative on Biodiversity
for Food and Nutrition in 2006, within the Convention on Biological Diversity
(CBD). In 2004, the CBD’s Conference of the Parties (COP) formally recog-
nized the linkages between biodiversity, food and nutrition, and the need to
enhance sustainable use of biodiversity to combat hunger and malnutrition. The
COP requested the CBD’s Executive Secretary, in collaboration with FAO and
the former International Plant Genetic Resources Institute — now Bioversity
International — to undertake a cross-cutting initiative on biodiversity for food
and nutrition, which was adopted by the COP 1n 2006 (WHO/CBD, 2015). The
recently completed GEF-funded Biodiversity for Food and Nutrition Project has
been a major vehicle for the implementation of this cross-cutting initiative and
has demonstrated, at a country level, how to prioritize NUS for mainstreaming
into relevant policies, programs and markets so as to improve nutrition. It has
also developed a range of methods, tools and other resources to support main-
streaming (Hunter et al., 2020; see Chapter 13).

Around the same time, the Commission on Genetic Resources for Food
and Agriculture (CGRFA) also requested that FAO evaluate the relationship
between biodiversity and nutrition. In 2005, via the Intergovernmental Tech-
nical Working Group on Plant Genetic Resources for Food and Agriculture,
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eight high-priority actions and six lower-priority actions were identified. Subse-
quently, the CGRFA, at its 14th session in 2013, formally recognized nutrients
and diets, as well as food, as ecosystem services, in order to further increase the
awareness of human nutrition as a concern for the environmental sector, and the
awareness among human nutritionists of the importance of biodiversity. It also
requested the preparation of guidelines for mainstreaming biodiversity into all
aspects of nutrition, including education, interventions, policies and programs
(WHO/CBD, 2015). The Voluntary Guidelines for Mainstreaming Biodiversity into
Policies, Programmes and National and Regional Plans of Action on Nutrition (FAO,
2015) was adopted at the 15th Session of the CGRFA in 2015 and provides a
framework to mobilize NUS for improving nutrition.

The Second International Conference on Nutrition (ICN2), jointly convened
by the FAO and the WHO in 2014, focused on policies aimed at eradicating
malnutrition in all its forms and transforming food systems to make nutritious
diets available to all. Participants at ICN2 endorsed the Rome Declaration on
Nutrition and the Framework for Action, with Recommendation 10 being
particularly for the NUS community (ibid. p. 45). “[P]romote the diversifi-
cation of crops including underutilized traditional crops, more production of
fruits and vegetables, and appropriate production of animal source products as
needed, applying sustainable food production and natural resource manage-
ment practices”.

In 2015, the WHO and CBD jointly published a “state of knowledge” re-
view, Connecting Global Priorities: Biodiversity and Human Health (WHO/CBD,
2015), which contained a chapter dedicated to NUS, biodiversity and nutrition
(Hunter et al., 2015). This was followed, in 2017, by the publication by Biover-
sity International of the Mainstreaming Agrobiodiversity in Sustainable Food Systems
report (Bioversity International, 2017), which included a chapter on the im-
portance of NUS and food biodiversity for healthy, diverse diets (Kennedy et
al., 2017). Both publications highlight approaches and opportunities to better
mainstream NUS in order to improve nutrition and diets. Most recently, the
WHO has published further Guidance on Mainstreaming Biodiversity for Nutrition
and Health, which focuses on the importance of NUS and their value chains
(Romanelli et al., 2020).

Collectively, this presents an ever-improving, enabling policy environment
for the promotion of NUS, especially in the context of addressing malnutrition
challenges. However, as Chapter 1 and other chapters of this book highlight,
there are still many constraints and barriers on both the supply and demand side
that need to be addressed. One such need that is urgent is better collaboration
across the NUS community, not just in the agriculture sector but with oth-
ers who champion NUS in sectors such as health, environment and education.
Greater coherence between global and national policies is also needed to ensure
that the NUS community collaborates more effectively in developing and im-
plementing projects and investments, to ensure the most efficient use of limited

resources.
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Conclusions

The importance of promoting NUS for making agriculture and value chains
more effective in supporting nutrition has been particularly appreciated over the
last decade, and the recent COVID-19 pandemic has made even more apparent
the resilience role that NUS can play in buffering communities against both
supply and demand shocks. The world needs NUS and we need societies to steer
food systems in the right direction, a pathway that is sustainable for our own lives
and for the planet.

Notes

1 Recommendation 10 of ICN2 2014/3 Corr.1
2 More example at https://foodtank.com/news/2015/01/harvesting-the-best-10-apps-
for-healthy-organic-shopping/
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4

NUS AND PEOPLES SENSE OF DIETARY
DIVERSITY AND WELL-BEING

Gigi Manicad

Introduction

Agrobiodiversity provides diverse options for people’s strategies in cultivating,
collecting and processing a diversity of plants for their food, nutrition, livelihood
security and resilience. Only in the last two decades has the attention of agricul-
tural research started to slowly broadening from staple crops and vegetables to
“neglected and underutilized species” (NUS) or “orphan crops”.

This chapter is largely based on three baseline studies in Myanmar, Peru and
Zimbabwe. The objective is to understand people’s perspectives of NUS in re-
lation to their concept of nutrition and their food security strategies. Particular
attention is paid to women’s access and use of NUS and the biodiversity source
of household diets. A combination of methods were used:

*  Household surveys of socio-demographics and agricultural crops, and a
modified version of Household Dietary Diversity Score (HDDS) (FAO,
2010).

* A gender-disaggregated community resource flow map (Manicad, 2002,
2004), which consisted of area mapping farms and the landscape, and the
collection and use of plants. A focus group discussion identified people’s folk
taxonomy, uses, locations, seasonality, collection and propagation of NUS
(Oxfam Novib, 2018).

e Participatory Rural Appraisal, including a seasonal calendar developed to
identify the NUS availability and locations for the entire year (ANDES,
2016).

The methods were applied twice, once each during the plenty and lean seasons
of food availability. The studies involved Indigenous and local peoples, who are
mostly engaged in subsistence farming and employ largely rain-fed agricultural
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FIGURE 4.1 Lares Valley women’s focus group discussion on NUS. Photo Credit:
ANDES.

practices. The three countries represented diverse crop systems in distinct
agro-ecologies, from the delta in Myanmar to the high altitudes of Peru and the
semi-arid regions of Zimbabwe (see Table 4.1).

Context and conceptual challenges

One of the most widely accepted characteristic of NUS is the neglect of science
and markets. During the surveys, the term “neglect” and “underutilisation” con-
sistently created confusion amongst local people. In Peru, NUS have “strong
sacred value as they are conceived as fruits of the Pachamama (Mother Earth),
and are crops sent by the Apus (natural divinities), or are blood of the Apus and
species used to purify the body” (ibid.).

However, while NUS may be sacred to some, they also carry the stigma of
being “poor people’s food”. In Zimbabwe, Tsine (or “Black Jack”) is perceived as
a food consumed by those suffering from hunger and as curative item for people
who are HIV positive (CTDT, 2015).

A key defining feature of NUS is that these are highly localised plants involv-
ing specialised local knowledge of mostly women, who are often marginalised and
impoverished. Through lessons learnt, the confusion over NUS terminology was
better managed through a combination of the following techniques: (i) prior to the
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FIGURE 4.2 Lares Valley women’s focus group discussion on NUS. Photo Credit:
ANDES.

survey, we harmonised the community custodians’ local concepts of NUS with a set
of working definitions of it. (ii) We properly sequenced the material resource-flow
map to first enumerate all the plants collected. This was followed by key informant
interviews to classify which of the collected plants were NUS; and then we char-
acterised each NUS according to the local knowledge of folk taxonomy, ethno-
botany, seasonal availability, locations, harvesting, propagation and processing
methods. This was followed by (ii1) the collection of specimens, (iv) verification
with the wider community and (v) discussions with research organisations about,
for instance, the NUS’ scientific names and its nutritional composition.

NUS consumption during lean periods

A “lean” or “hunger” period refers to recurrent food shortages amongst the
poorest households. Reflecting the seasonality of agricultural production, the
lean period often occurs just before the upcoming harvest when food supply is
at its lowest and when it coincides with the low demand for agricultural labour.
In the coastal Irrawaddy region of Myanmar, the lean period also coincides with
the cyclone season. Hence, the lean season often combines the stresses of lack of
food, lack of wages to buy food and, in some cases, environmental calamities.
The lean period is a predictable, seasonal “sink or swim” time when households
either survive from one season to the next, or they lose assets, accumulate debt
and sink further into poverty.
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The survey on the lean period, referred to as “hunger” or “scarcity” periods,

LEl

proved highly sensitive. In Peru for example, “scarcity” (“escasez” in Spanish)
does not have an equivalent in Quechua and is often associated with poverty.
Asking someone about their food scarcity or hunger were considered taboo in
all three countries.

These sensitivities were managed by keeping the survey private within
households, and ensuring that trusted local people were part of the study team.
Table 4.1 shows that a substantial percentage of the sample populations confirmed
that they regularly experienced hunger. However, the percentages for each coun-
try cannot be compared due to the difficulties in covering the topic and the likely
different interpretations across cultures of the hunger period.

Most respondents referred to the lean period as the time when they had low

access to food supply and as a period of physical stress and mental anxieties. In

TABLE 4.1 Survey information of the area and the people engaged in subsistence farming

Myanmar

Peru

Zimbabwe

Area and main food
crops

Indigenous/ethnic
origins

Population in specific
project areas and %
sample households
and % of female
respondents

Respondents who
regularly experienced
lean or hunger periods

HDDS during lean and
sufficient periods

Total number of NUS
initially identified

Ayeyarwady region:
lowland delta and
rice

Southern Shan State:
Upland and rice,
maize, pulses

Mamar, Rakhinde,
Kayin, Pa O, Shan,
Le Su, Lar Hu

7,702 people, 10%
of households,
with unknown
percentage of
female respondents

77%

Lean: 9
Sufficient: 6.4
66

Puna: 3,500 m
above sea level
and roots, tubers,
beans, grains

Keshua: 2,300—
3,500 m above
sea level and
maize, rice,
barley

Yunga: below 2,300
m above sea
level and citrus,
banana, squash

Quechua

5,027 people,
about 14%-15%
of households,
with 64% female
respondents

87%

Lean: 7.7
Sufficient: 7.4
78

Chiredzi: semi-arid,
drought prone

Goromonzi: relatively
high rainfall, moderate
temperature

Tsholotsho: low rainfall,
height temperature and
pear] millet

UMP: moderate rainfall
and temperature

All areas except
Tsholotsho grow
sorghum and maize in
addition to pearl millet

Kalanga, Ndebele, San,
Shanganes, Shona

728,476 people, about
0.4% households,
with 78% female
respondents

40%
Lean: 2.5

Sufficient: 3.2
46

Source: Oxfam Novib (2018).
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Myanmar, respondents associated hunger with a shortage of rice. This could
be attributed to the importance of rice in their culture, diet and income. It is
also likely that the lack of carbohydrates directly manifest in the sensation of
hunger.

The three countries have common some coping strategies. This includes
consumption of food preserved or stored during the season of plenty; aspects
of reciprocity, such as borrowing or receiving food from relatives and friends;
and buying food on credit or shifting to cheaper and lower quality and taste.
More vulnerable households turn to harmful strategies such as reducing their
portion sizes or skipping meals. In some households, adults may reduce or skip
meals in favour of children; in other households, working members are pri-
oritised. In more desperate circumstances, some households in Myanmar and
Zimbabwe resort to eating premature crops. This is an example of households
losing assets during lean periods, such as their next harvest and seeds for the
subsequent growing season. For example, the over-harvesting of perennial
crops such as taro is likely to reduce yields, and the consumption of cereal
seeds is a major threat to seed security. In Zimbabwe, many respondents also
rely on food aid.

All respondents referred to the collection and consumption of NUS as an
important part of their coping strategies. Most households collect semi-wild and
wild plants to supplement their diets and for market sales. NUS are cultivated
and collected from home gardens, on farms and roadsides and in forests, wet-
lands and pasture areas. They also referred to the traditional knowledge of the
elderly for understanding the availability of different NUS during specific times
and at specific locations. The responsibilities for executing the coping strategies,
including the collection of NUS, are shared within the household, with women
having a prominent role.

People associate nutrition with well-being

In all three countries, the local people stated that they have limited knowledge
of nutrition since they lack access to their governments’ nutrition education
programme. In Myanmar, the respondents said that they are less aware of the
nutritional impacts of their food choices. The communities showed a very
limited understanding of micronutrients such as vitamins. However, in all
three countries, there were good indications that local people traditionally
have a functional knowledge of the association between dietary diversity and
well-being.

NUS are particularly important for the people’s sense of well-being and are
appreciated for both the eating satisfaction, as well as their health and healing
values. These knew cures for gastroenteritis, anaemia, colds and flu, prostrate
and liver inflammation, muscle cramps and various pains. A number of NUS
consumed as food were also valued for their contraceptive uses, or for easing
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menstruations (ANDES, 2016). In Myanmar, NUS were consumed because of
their associated good health benefits. The uses of NUS as medicines are most
helpful during hunger periods when money is tight. In general, however, people
increasingly prefer to purchase medicines from pharmacies (Metta and Searice,
2015). In Zimbabwe, the most important NUS were believed to have curative
properties against malaria, dehydration, pain and HIV/AIDS (CTDT, 2015).
These findings concur with that of other studies (e.g. Pieroni and Price, 2006)
on the lack of distinction between food and medicine in traditional food systems.
The surveys indicated that inter-generational transfer of knowledge might need
to be better understood and further enhanced.

In the Lares Valley, the equivalent concept of well-being is “Sumaq kausay”,
which means “good living”. They refer to Sumaq kausay as the balance and recip-
rocal relation between the individual and collective, and nature and ecosystem
services. Aspects of cultural identity, leisure, celebrations and knowledge herit-
age are also integrated in their concept of well-being (ANDES, 2016).

Diverse land use, biodiversity and dietary diversity

In all three countries, most of the respondents’ sense of well-being was connected
to healthy ecosystems with diverse land use, including farming and gardening.
People derived their dietary diversity from the biodiversity on farms and within
landscapes. This was articulated in the NUS flow maps in Myanmar, Zimba-
bwe and Peru, which illustrated where people gather domesticated, semi- and
non-domesticated plants. Many were NUS, which vary across time and space.
In Peru, a high dietary diversity resulted from a combination of more intensive
food production, gathering of plants within diverse ecologies and the purchase
and barter of a wider variety of food. In the Lares Valley, women’s networks
operate five traditional barter markets involving farms within the three levels of
agro-ecologies from the top, middle and lower zones of the region (see Table 4.1).
This enables the exchange of a variety of vegetables, fruits, spices, condiments
and beverages. The barter markets enhance local resilience based on diverse land
use combined with the traditional social relationships of reciprocity and redistri-
bution (ANDES, 2016).

Similar links between dietary diversity and agrobiodiversity were estab-
lished in a study involving Indigenous and local peoples in the East Usambara
Mountains in Tanzania (Powell et al., 2017). In this study, local farmers indi-
cated that maintaining multiple land uses increases crop diversity, which helps
ensure their food security and dietary diversity. In another study in Mount
Malindang in the Philippines, the Subanens also displayed a diverse collection
of biodiversity on farms and in the wild from diverse ecologies within their
landscape (Manicad, 2004). Similar to Peru, the study further alluded to the
people’s integrated landscapes perspectives with the management of biodiver-
sity on farms and in the wild. In both the Subanens in the Philippines and the
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FIGURE 4.3 People’s interconnected sense of well-being, biodiversity and dietary
diversity.

Quechua in Peru, traditional beliefs and social relations also help regulate the
sustainable and equitable harvesting and distribution of biodiversity in the wild
(ibid and ANDES, 2016).

The studies in Myanmar, Peru and Zimbabwe indicated that land degra-
dation, farming, environmental pollution, extensive mining and deforestation
threaten their well-being and food sources. In Peru and Zimbabwe, malnu-
trition was associated with the lack of consumption of local wild foods and
the occurrence of diseases in cultivars. In Myanmar, the respondents directly
linked the inaccessibility of diverse diets as a main cause of malnutrition in their
communities.

The respondents in the three countries also referred to changing climates
as a threat to the diversity of their food sources. They pointed to increased
pest and disease infestations, and the worsening scarcity of wild plants. In
Zimbabwe, they pointed to climate change and the total drying up of wet-
lands in Uzumba, Maramba and Pfungwe (UMP), which in turn resulted in
the disappearance of indigenous vegetables that used to grow there during
the lean seasons (CTDT, 2015). This indicates that not only does climate
change threaten livelihoods and food security, it also threatens people’s coping
strategies.
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FIGURE 4.4 Zimbabwe seed fair with NUS. Photo credit: CTDT.

Conclusion

The baseline studies in Myanmar, Peru and Zimbabwe contribute to the un-
derstanding of NUS as integrated in local peoples’ land use and agrobiodiver-
sity management. Local people associate agrobiodiversity, including NUS, with
dietary diversity, which they closely link with their sense of well-being. These
baseline studies indicate that NUS are part of people’s strategies for food and nu-
trition security during both the lean and the plenty seasons. For the further en-
hancement of NUS for people’s well-being, a few courses of action are suggested:

1 Research and development interventions on NUS need to be guided by the
principle of equity. For effective interventions on NUS, it is important to
understand and address the underlying gender and social relations within
households and between generations, including the youth.

2 Considering the rich cultural context and the sensitivities within which
NUS are managed, training and engaging local communities and research-
ers can contribute to a more robust and user-oriented results. This also cre-
ates capacities to implement and follow through on plans for intervention.
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Joint planning and periodic reviews of methods, measurements and anal-
ysis can mitigate the trade-off between diverse local research and global
comparisons.

3 This chapter concurs with a study in Tanzania (Powell et al., 2017), wherein
local people tend to see nutrients as abstract concepts. People tend to re-
late more to the functionality of nutrition. While laboratory analysis of
the nutritional composition and stability during food preparation of NUS
is important, nutrition education programmes should seek to complement
and build from the local people’s concepts and associations of nutrition and
NUS. Building from existing knowledge systems and enhancing cultural
culinary practices are likely to be more effective.

4 Anintegrated approach to people’s biodiversity management and food man-
agement strategies should also maintain specialised sets of objectives and
activities for NUS. The NUS priority needs for the most vulnerable groups
require particular emphasis. It is likely that local people who are interested
in staple crops might not be the same ones specialised in NUS. Moreover,
the seasonality and locations of NUS are likely to differ from those of main
crops. Local level interventions on NUS should not mimic the marginalisa-
tion of NUS by conventional research and markets. At an operations level,
the risk of NUS interventions being side-lined by the emphasis on main
crops should be avoided.

5 The conservation and sustainable use of NUS should be integrated into na-
tional, regional and global agendas related to the nexus of climate change,
food and nutrition security, and agrobiodiversity management. NUS are
potentially important for climate resilience. The conservation and sustaina-
ble use of NUS requires interdisciplinary studies and multi-stakeholder di-
alogue on planning and integrating complementary approaches between in
situ and ex situ management.
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DIVERSITY AND SMALL
MILLETS IN INDIA

Annadana Seetharam and Prabhakar Bhat

Introduction

Millets refer to a group of cereal grasses grown largely as grain and feed crops.
Millets require less water than any other grain crop and provide assured har-
vests in arid, semi-arid and mountainous regions in the tropics and sub-tropics,
where monsoon failure and droughts are frequent, soil fertility is poor and land
terrain is difficult. Millet grains are a main staple for farm households in several
old world countries and among the poorest people. Millet straw is a valuable
livestock feed, besides having other uses as building material, fuel, etc., in those
farming systems. India has the largest diversity of millet crops in the world, com-
posed of major millets (viz. sorghum and pearl millet) and several small grain
millets (viz. finger millet [ragi], foxtail millet [kangni], kodo millet [kodo], proso
millet [cheena], barnyard millet [sawan| and little millet [kutki]). There are varie-
ties especially in little millet and proso millet, which mature in 6070 days, yet
provide reasonable and assured harvests even under most adverse conditions. In-
dia, being the primary or secondary centre of origin and domestication of small
millets, is a storehouse of highly valuable genetic variability. Asia and Africa are
the major producers of these species at the global level, and India is possibly the
largest producer of millets, with an estimated production of around 16 million
tonnes annually.

Exports and imports of millets are negligible, indicating low demand and/or
unreliable availability of marketable surpluses in local/world markets. Urbanites
by-and-large have forgotten the amazing foods and dishes made out of millets.
Being eco-friendly crops, they are suitable for fragile and vulnerable environ-
ments and for sustainable and green agriculture. The promotion of these crops
can lead to more efficient natural resource management and a holistic approach
to sustaining precious agrobiodiversity.
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TABLE 5.1 Nutritional composition of millet grains (NIN, 2007)

Crop Protein ~ Carbohydrates  Fat (¢) Fibre (g) Minerals Calcium Phosphorus
(¢) (¢) () (mg) (mg)
Wheat 11.8 71.2 1.5 12.9 1.5 41 306
Rice 6.8 78.2 0.5 5.2 0.6 10 160
Sorghum 10.4 72.2 1.9 12.0 1.6 25 222
Bajra 11.6 67.5 5.0 16.0 2.3 42 296
Finger millet 7.3 72.0 1.3 18.8 2.7 344 283
Proso millet 12.5 70.4 1.1 14.2 1.9 14 206
Foxtail 12.3 60.9 4.3 14.0 3.3 31 290
millet
Kodo millet 8.3 65.9 1.4 15.0 2.6 27 188
Little millet 8.7 75.7 5.3 12.0 1.7 17 220
Barnyard 11.6 74.3 5.8 13.5 4.7 14 121
millet

Nutritional relevance

Millet grains are very nutritious as they contain good quality protein and are rich
in minerals, dietary fibre, phytochemicals and vitamins. A cursory look at the
proximate composition of various food grains (Table 5.1) would reveal the distinct
nutritional superiority of millets over major food grains such as wheat and rice.
This needs to be exploited in terms of its health and nutritional benefits for alle-
viating nutritional deficiency, the result of changed food habits and a shrunken
food basket. Millet, with its unique grain properties, exhibit considerable oppor-
tunities for diversification of its food use through processing and value addition.

Fall in millet area and production

Securing the existing cultivation area for millets is a matter of concern. As shown
in Table 5.2, in the past six decades, the area used for growing millets has gone
down by 62.57%, dropping from 36.34 million ha (1955-1956) to around 13.84
million ha (2017-2018). Yet, the production targets of all millet crops were main-
tained as a result of an increase in productivity per hectare — over four times in
pearl millet and more than two times in sorghum, finger millet and small millet
crops — over the decades.

Even though small millets are cultivated in almost every Indian state, the dis-
tribution of individual millets is not uniform. The major finger millet growing
states are Karnataka, Tamil Nadu, Andhra Pradesh, Orissa, Bihar, Maharashtra
and Uttar Pradesh. Karnataka has the largest area under finger millet, accounting
for nearly 60% of the total area. Kodo, little millet and foxtail millet are grown
widely in Karnataka, Tamil Nadu, Andhra Pradesh, Orissa, Bihar, Madhya
Pradesh and Maharashtra. In Madhya Pradesh, both kodo and little millet are
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TABLE 5.2 Area (million ha), production (million tonnes) and productivity (kg/ha) of
millet crops in India (DMD, GOI, 2018)

Crop/year  Category 1955—  1965— 1975—  1985— 1995— 2005—- 2017-
1956 1966 1976 1986 1996 2006 2018
Sorghum Area 17.36 17.68  16.09 16.10  11.33  8.68 4.97
Production  6.73 7.58 9.50 10.20  9.33 7.63 4.66
Productivity 387 429 591 633 823 880 938
Pearl Area 11.34 1197  11.57 10.65  9.32 9.58 7.21
Millet
Production ~ 3.43 3.75 5.74 3.66 5.38 7.68 9.26
Productivity =~ 302 314 496 344 577 802 1,284
Finger Area 2.30 2.70 2.63 2.41 1.77 1.53 1.15

Millet
Production 1.85 1.33 2.80 2.52 2.50 2.35 1.96

Productivity = 800 492 1,064 1,049 1,410 1,534 1,703

Small Area 5.34 4.56 4.67 3.16 1.66 1.06 0.51
Millets
Production ~ 2.07 1.56 1.92 1.22 0.78 0.47 0.42
Productivity 388 341 412 386 469 443 828
All Area 36.34 3691 3492 32.32  24.08 20.85 13.84
Millets
Crops*

Production 14.08 1422 19.96 17.60 1799 1813  16.30
Productivity 469 394 641 603 820 915 1,188

predominant, whereas foxtail millet is important in Andhra Pradesh, Karnataka
and Telangana. Barnyard millet and proso millet are grown largely in hills of
Uttar Pradesh, Uttarakhand, the north-eastern regions and plains of north Bihar
and western Uttar Pradesh and Maharashtra.

Millets and food security

The bulk of millets produced in the country are consumed at the farm level and
very little finds its way to organised markets. Millets provide much-needed food
and feed security, especially to vulnerable groups. However, it is important to
note that food security at the national level will only be effective when regionally
important crops are allowed to play their due role in meeting the food and fodder
needs of the region. Such a vulnerable situation calls for an urgent intervention
from policy makers; an ideal correction would be to produce the required food
within the state/region itself, by promoting and developing locally and/or re-
gionally important rainfed crops. The promotion of millets can lead to much
more efficient natural resource management and, ultimately, to a more holistic
approach in sustaining precious agrobiodiversity.
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Small millets diversity in India

Small millets are grown throughout India and have thousands of years of cul-
tivation history in diverse ecologies. During this process, a vast amount of di-
versity has formed within each species, resulting in numerous local varieties.
Finger millet or ragi - Eleusine coracana (L.) Gaertn. subsp. coracana, is native to
the highlands of eastern Africa; its closest wild relative is E. coracana subsp. africana
(Kenn.-O’Byrne). Its introduction in India took place at least 3,000 years ago;
its long history of cultivation and selection has made Indian finger millet highly
variable, resulting in many unique local varieties (Seetharam, 2015). In view
of this, India is recognised as a secondary centre of diversity for this crop. The
highly variability found in finger millet is divided into five cultivated races viz.
coracana, vulgaris, elongata, plana and compacta; they are distinct essentially on
the basis of inflorescence morphology.

Foxtail millet, Setaria italica (L.) P. Beauv., and its closest wild relative, Setaria
italica subsp. viridis (L.) Thell., originated in the highlands of China some 5,000
thousand years ago and later spread to India as a cereal crop (Prasad Rao et al,,
1987). Proso millet (Panicum miliaceum L.) is native to Manchuria (China) and
moved to Europe some 3,000 years ago. Little millet (Panicum sumatrense Roth) is
native to India and is widely cultivated across the country in many states. Indian
barnyard millet (Echinochloa frumentacea Link), domesticated and cultivated in
India, is highly variable. Kodo millet (Paspalum scrobiculatum L.), domesticated in
India some 3,000 years ago, is widely distributed in wet damp habitats, grown
in several states from Tamil Nadu in the south to Uttar Pradesh in the north. By
and large, small millets in India are important to hill and tribal agriculture.

Collection and conservation of germplasm

In the past, small millets breeders had limited access to germplasm and worked
with very limited accessions that lacked diversity, which blunted opportunities
for yield improvement. This situation was, to some extent, rectified in the 1960s,
when first attempts were made by Indian Council of Agricultural Research
(ICAR) to pool the collections under the “PL 480 Project”. Conservation ac-
tivities gained further momentum with the National Bureau of Plant Genetic
Resources (NBPGR) in New Delhi, which has been playing a key role in aug-
menting the initial small millets collection. Recognising the importance of con-
servation and greater access to germplasm, the All-India Coordinated Millets
Improvement Project (AICMIP) established a germplasm unit in Bangalore in
1979 to cater to these species. This unit, since then, has been making efforts to
collect pool germplasm from various sources and make it available to breeders.
The unit is also recognised as one of the NBPGR’s National Active Germplasm
Sites (NAGS) and has the mandate for the collection, conservation, evaluation
and documentation of small millets germplasm within the country. Presently, the
Bangalore unit maintains one of the largest collections, with more than 15, 000



72 Annadana Seetharam and Prabhakar Bhat

accessions of six small millet species, incl. 7,122 accessions of finger millet, 2,821
of foxtail millet, 1,537 of kodo millet, 939 of proso millet, 1,657 of little millet
and 988 of barnyard millet (AICSMIP, 2012).

Utilisation of germplasm

Full utilisation of germplasm depends on two factors: (a) evaluation and char-
acterisation and (b) identification of useful gene sources. These two areas have
received attention during the last 25 years and the majority of millet accessions
have been screened for desirable agronomic and grain quality traits. A good data
base is available for most accessions conserved.

In order to improve the efficiency of germplasm use, core subsets of the col-
lection have been formed and made available to breeders. The identification of
several sources of stable resistance to blast disease in finger millet and their de-
ployment in breeding research has been highly rewarding with regard to the de-
velopment of high-yielding blast-resistant varieties of finger millet (Ravikumar
et al., 1990, 1991; Byre Gowda et al., 1999). The secondary gene pool of subsp.
africana has been of interest from the breeding point of view as a source of useful
genes for improving tillering abilities, fodder yield and quality, drought toler-
ance, finger number and length. Pre-breeding is required for the introgression of’
characters from E. africana to E. coracana, so as to derive lines useful in breeding
programs.

Exotic collections of finger millet, especially from Africa, have been used in
recombination breeding, resulting in the release of many superior, high-yielding
varieties (HY Vs) in many states. The African germplasm has thick stem, dark
leaves, robust growth, large ears and high grain density and is a source of re-
sistance to blast disease (Naik et al., 1993). Hybridisation between African and
Indian elite varieties has been highly rewarding and has resulted in the release
of many HY Vs.

Several useful genetic stocks have also been identified in the germplasm of
small millets with regard to higher protein content, desirable agronomic attrib-
utes with high carbon dioxide fixation and low leaf area, suitable for rain fed situ-
ations and germination under conditions of limited moisture and a hard soil crust
(Sashidhar et al., 1983; Seetharam et al., 1984). Accessions capable of producing
higher biomass, dual purpose types with superior stover quality are available for
improving the grain and stover yield of cultivars (Schiere et al., 2004). There are
finger millet accessions that have significantly higher grain calcium and protein
content. In foxtail millet, new sources of dwarfing genes controlled by oligo
genes have been also identified. These accessions are useful in breeding dwarf
foxtail millet. The variability available for protein content (7.176-15.73 g) and
seed fat content (4.0-7.1 g) in foxtail millet is enormous and can be exploited in
breeding (Seetharam, 2015). Optimising the use of germplasm in small millets
is a priority for crop improvement, in order to make these species competitive
vis-a-vis other crops.
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Progress in crop improvement

Small millets improvement efforts have been in progress since the beginning of
the twentieth century (Seetharam, 2015). The launching of coordinated crop
improvement programs during the late 1950s has contributed significantly to the
development of new superior varieties and enhanced production and protection
technologies in small millets. The release of improved varieties and production
packages has contributed to a threefold increase in grain productivity in the
country. Small millets have been the last crops prioritised in the agriculture
developmental agenda in the country, with finger millet receiving a little more
attention than other species. An attempt has been made here to trace the progress
in crop improvement of small millets over the last nine decades.

Crop improvement efforts during the early years

In the 1950s and 1960s, crop improvement for small millets was confined to a few
states such as Tamil Nadu, Andhra Pradesh, Karnataka and Uttar Pradesh. The
emphasis was on varietal improvement through selecting better types from local
varieties. In Tamil Nadu, a Millet Research Station was established in 1923 at
Coimbatore, under the erstwhile Madras Presidency. Finger millet work in Kar-
nataka dates back to 1900, initiated in Bangalore especially with finger millet,
and in Uttar Pradesh at Kanpur and Gorakhpur in 1944.

The first finger millet variety released in the country was H22, as early as 1918
in Karnataka. Other finger millet varieties released were Co6 (1935); R0870,
ES13, K1 and ES11 (1939); Hagaril (1941); Col, Co2, Co3 and Co4 (1942);
VZM1 and VZM2 (1958) and T36 B (1949). Finger millet improvement received
a boost in Karnataka during the 1950-1960 period, and several new varieties
such as Aruna, Udaya, K1, Purna, ROH 2 and Cauvery were released. Simi-
larly, many varieties were released for other small millets in other states as well
(Seetharam, 2015), including little millet variety Co 1 (1954); foxtail millet va-
rieties Col, Co2, Co3 (1943), H1, H2 (1948), T 4 (1949); kodo millet varieties
PLR 1 (1942), T2 (1949), Col (1953); proso millet variety Col (1954) and barn-
yard millet varieties T25 and T46 (1949).

During the 1950s, with food production remaining stagnant and with popula-
tion growing, the importance of millet crops in Indian agriculture, as important
resources for dry land agriculture, started gaining recognition. A project for the
intensification of research on cotton, oil seeds and millets was launched during
this period, with several centres working on millets alone. The importance of
genetic resources as primary raw material for crop improvement was recognised
prior to initiation of coordinated project. The first attempt to collect the ger-
mplasm of millets in the country was made in 1961 under the PL 480 Project
“Storage, Maintenance and Distribution of Millets Germplasm”, which resulted
in the collection of nearly 3,000 genetic stocks of various species including 718
samples of finger millet, 584 of kodo millet, 431of little millet, 615 of foxtail
millet, 250 of proso millet and 399 of barnyard millet.
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Crop improvement efforts during the AICMIP Era

Millets, in general, started receiving attention with the launch of the AICMIP
in 1969. Small millets also started receiving some attention in a few selected
centres. Crop improvement received a major boost during 1978—1979 through
an International Development Research Centre (IDRC)-funded project of five
crop-specific lead research centres in the country (viz. Almora in Uttarakhand
[barnyard millet], Dholi in Bihar [proso millet], Dindori in Madhya Pradesh
[kodo millet], Semiliguda in Orissa [little millet] and Nandyal in Andhra Pradesh
[foxtail millet]). The project continued until 1985 and was replaced subsequently
by the “All-India Coordinated Small Millets Improvement Project” (AICSMIP)
in 1986. The centres that were operating under the IDRC project became part
of AICSMIP. Small millets research has focused all along on the development of
varieties and agro-production and protection technologies suitable for different
regions. Currently, there are 14 centres functioning under the AICSMIP, spread
across the country. Their work is multidisciplinary and applied in nature.

Crop improvement is aimed at developing HY Vs with resistance to blast dis-
ease quality fodder, early and medium maturity and white seed in finger mil-
let, resistance to head smut in kodo millet and resistance to shoot fly in both
proso and little millets. So far, a total of 293 varieties for the six small millet
species have been released in the country from 1918 to 2020. Out of this, 86
were released before 1986 (pre coordinated-era) and 207 during 19862020 (post
coordinated-project era) (Table 5.3).

Modern finger millet varieties have the genetic potential of producing five to
six tonne/ha under optimum cultivation conditions. Recombination breeding
has resulted in the release of many superior varieties in foxtail, proso and barn-
yard millets as well. Large-scale variety testing on farmers’ fields in participatory
mode (Gowda et al., 2000) and frontline demonstrations have helped in spread-
ing HY Vs among farmers.

TABLE 5.3 Improved varieties of small millets released in India from 1918 to 2020

Crop No of varieties released Total
Pre-coordinated Post coordinated
project era project era
(1918-1985) (1986-2020)
Finger millet (1918-2020) 45 91 136
Foxtail millet (1942-2020) 12 26 38
Little millet (1954—2020) 6 26 32
Proso millet (1954-2020) 8 19 27
Barnyard millet (1949-2020) 4 18 22
Kodo millet (1942-2020) 11 27 38

Total 86 207 293
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Seed production

Seed production and distribution, which is key to the successful adoption of
HY Vs is weak in many states. This has deprived farmers of many benefits arising
from the cultivation of improved millets, in most parts of the country. Harness-
ing the yield advantages from these improved varieties is the need of the hour in
order to make the cultivation of small millets truly competitive and economi-
cally viable.

Crop production and protection technologies

Packages of information about best practices such as the optimal time for sow-
ing/planting, choice of varieties, time and method of application of fertilisers,
etc. have been developed for different regions of the country. Management prac-
tices for aberrant weather conditions, for mitigating early, mid- and late season
drought have been worked out. Remunerative cropping systems involving dif-
ferent pulse crops in millet for different regions have been created. Technol-
ogy transfers attempted through frontline demonstrations on farmers’ fields and
large-scale station demonstrations have also helped narrow down the yield gap
that exists between farmers’ fields, demonstration plots and research station trials
(Seetharam, 2015; Prabhakar, 2017).

Plant protection measures to control economically important diseases and
pests have been enhanced for small millets (Seetharam, 2015). Several blast-
resistant lines have been identified from the germplasm available at NAGS, and
better crop protection practices for these diseases have been recommended.

Future prospects

After years of neglect, millets are finding a place in agricultural research and
agendas of large private companies, and from there are reaching supermarkets
everywhere. They are increasingly being recommended by doctors and nu-
tritionists as important foods for health and wellness, and as being helpful in
preventing many diseases related to modern lifestyles, including obesity and di-
abetes. Numerous elite food chains have begun selling millets and millet-based
products as health foods. As it stand, today, the productivity of small millets
can be increased by more than 50% by adopting improved production practices,
allowing more people to take advantage of these nutritious and healthy crops.
In recent years, milling technology has been considerably improved to enhance
grain quality. Millet mills are available for cottage-level and large-scale process-
ing. Millets can be further processed for making various food items such as flakes,
quick food cereals, ready to eat snacks, supplementary foods, extrusion cooking
items, malt-based products, weaning foods and, more importantly, health foods.

Farmers who had shifted from millets to other crops are keen now to go back
to millets in view of the stable harvests ensured, the easy crop production, its
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drought resistance and eco-friendly production perspectives. The higher prices
being offered in many parts of the country — especially for small millets, duly
recognising their unique nutritional features — is making millets production a re-
munerative proposition vis-a-vis other crop options available in each region. The
R&D efforts made in the area of grain processing and value addition through
the development of novel diversified foods especially in sorghum, finger millet
and other millets are opening new avenues for expanding the consumer base and
enhanced the absorption of production for food use.
The immediate needs for supporting millet promotion are:

I Sustain and increase production of nutritionally rich millets and expand op-

portunities for value addition as incentives.

II Conserve the genetic resource base and provide superior germplasm possess-
ing the required attributes for food, feed and other diversified use-needs.

IIT Overcome production constraints by providing technological inputs appro-
priate to each region.

IV Raise awareness among the general public, policy makers, traders, farming
communities, consumers, entrepreneurs and donors on the role of nutrient-
dense millets, thereby increasing demand and use.

Keeping all the above in view, research activities are to be restructured and
should reflect closely the location-specific needs in each region. Millet R&D
should not be viewed from crop and productivity angles only, but also should
be more holistic, reflecting other benefits such as acquiring greater ecological
balance and climate change adaptation of production systems, as well as strength-
ening the food, nutrition and health security of people at large.

Conclusion

After years of neglect, small millets suitably designated as climatic-resilient or
climate-smart crops, or as nutri-cereals, are now receiving more attention in
India’s agricultural R&D agenda. Their rich crop diversity has made these plants
well suited to contingency crop planning and also to address issues related to
climate change. Highly versatile millets like foxtail, barnyard, proso and little
millet would fit into any situation of climatic change and could save farmers
from total crop failures. Future research priorities for small millets include the
utilisation of trait-specific germplasm, basic and strategic research for resistance
to biotic and abiotic stresses, varietal diversification, developing viable crop pro-
duction and protection technologies and value addition.

Small millets are viewed as important crops for the health and wellness of
people and can help in preventing many kinds of diseases related to modern
lifestyles, including obesity and diabetes. Lately, plenty of elite food chains
have begun selling millets and millets-based products as health food. Increased
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popularity of small millets as nutri-cereals paves away for further strengthening
nutritional security in India.
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FROM DISCOVERY TO FOOD SYSTEM
DIVERSIFICATION WITH AFRICAN
NEGLECTED AND UNDERUTILIZED
SPECIES

Céline Termote, Stepha McMullin, Hendre Prasad

Introduction

Africa’s dominant food systems heavily rely on exotic species (National Research
Council, 2008). Some of the main staples across the continent, such as maize (Zea
mays) and cassava (Manihot esculenta), as well as a number of widely grown fruits
and vegetables such as papaya (Carica papaya) and tomatoes (Solanum lycopersicum),
were introduced from the ‘New World’”. Other species widely present on the
continent such as mango (Mangifera indica) and irrigated rice (Oryza sativa) were
imported from Asia.

Nonetheless, a number of species originating from the African continent
have made it into global value-chains, including coffee (arabica [Coffea arabical
and robusta [Coffea canephoral), oil palm (Elaeis guineensis), and a cotton species
(Gossypium spp.) (Van Damme and Termote, 2008). Africa is also a center of
diversity for a number of commodities of importance, that are as yet under-
researched and under-invested in. Staples such as sorghum (Sorghum bicolor),
pearl millet (Pennisetum glaucum), yams (Dioscorea spp.), finger millet (Eleusine
coracana), fonio (Digitaria exilis) and teft’ (Eragrostis teff); legumes such as cowpea
(Vigna unguiculata) or lablab (Lablab purpureus); vegetables such as African egg-
plant (Solanum aethiopicum) or okra (Abelmoschus esculentus); and fruits such as
tamarind (Tamarindus indica) or baobab (Adansonia digitata) have entered national
or regional value-chains, but are yet to be used to their full potential (Van
Damme and Termote, 2008). At the same time, the continent harbors an enor-
mous amount of locally important species — such as fumbwa (Gnetum africanum),
spider plant (Cleome gynandra), weda (Saba senegalensis), safou (Dacryodes edulis)
and African locust bean (Parkia biglobosa) to name but a few — that have potential
to be further developed and to contribute to the livelihoods and nutrition secu-
rity of smallholder family farmers.
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However, scientists and policy makers often remain unaware of the great
nutritional, socio-cultural, economic and environmental potential of these re-
sources to African food systems (Akinola et al., 2020). Therefore, this chap-
ter presents a number of examples on how to increase interest in these species
through research, domestication, production, marketing, consumption and pro-
motion of these valuable species.

Discovery

Ethnobotany is the science that documents human—plant interactions, or, in
other words, how humans use the plant biodiversity surrounding them for food,
feed, arts, medicines, etc., allowing new crops to be discovered (Van Damme
and Termote, 2008).

Ethnobotanical surveys have been and are still being carried out all over the
continent in order to document the rich knowledge on edible species held by
the inhabitants of specific villages, tribes or regions (e.g., Termote et al., 2011 on
wild edible plants in Tshopo District, DR Congo or Ojelel et al., 2019 for wild
edible plants in Teso-karamoja, Uganda). Most of the studies only cover specific
regions or tribes and it is much harder to find national overviews, such as the
book by Maundu et al. (1999) Tiaditional Food Plants of Kenya. Other authors only
deal with a specific food group such as fruits (e.g., Gueye et al., 2014, wild fruits
from the Malinke in Senegal) or vegetables (e.g., Achigan-Dako et al., 2010,
Traditional Vegetables in Benin).

‘While there is plenty of information available on African edible plants that
merits inclusion in accessible national and regional databases, there are still many
gaps in terms of coverage of ethnic groups, agro-ecological zones and/or regions,
in order to unravel the continent’s rich botanical heritage before it’s lost (Akinola
et al., 2020). In that regard, the open access PROTA book series,! presenting
plant resources for tropical Africa in different volumes, is an interesting resource
to start with.

Characterization

A number of these species have the potential to be further developed and pro-
moted for niche markets (Van Damme and Termote, 2008). Such markets allow
for price setting by the farmers and offer many more opportunities for small-
scale, resource-poor farmers to earn decent livelihoods compared to global
commodity markets for items such as coffee, tea or cocoa, where prices are set
by international players at the expense of the farmer. As the resources for fur-
ther morphological, genetic, nutritional, economic or socio-cultural character-
izations as well as domestication trials and market development are limited, a
prioritization of species for further development is required, a process that should
include beneficiary communities.
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TABLE 6.1 Species prioritization in Atacora, northern Benin, and
percentage of participants who mentioned consuming
specific plant parts during ethnobotanical surveys

Species name Plant parts used Use (%)
Adansonia digitata Leaves 100
Fruits 98.3
Grains 89.2
Moringa oleifera Leaves 95.4
Parkia biglobosa Fruits 98
Grains 93
Balanites aegyptiaca Fruits 57
Detarium microcarpum Fruits 88
Tamarindus indica Fruits 99
Blighia sapida Leaves 58.3
Fruits 98.8
Hibiscus sabdariffa Leaves 96.3
Fruits/Flowers 90.4
Grains 44.2
Cleome gynandra Leaves 89.2
Ocimum gratissimum Leaves 99.2
Vigna radiata Leaves 26.3
Grains 87.1

For example, in northern Benin, Bioversity International (BI) worked with
local stakeholders to prioritize 11 multi-purpose species (Table 6.1), which are
currently undergoing full characterization (nutritional composition, socio-
cultural and economic value, and agronomic potential). Combined with studies
on threats, conservation status and domestication potential, species knowledge
products are in development and will support ongoing interventions using local
biodiversity to improve diet quality and nutrition of vulnerable populations in
northern Benin.

In Northern Kenya (Turkana county), BI researchers documented local
knowledge on 64 wild edible plant species (WEPs) (unpublished data); how-
ever, almost none of these species were found in the diets of 240 mothers and
small children surveyed in pastoralist and agro-pastoralist communities in Lo-
ima sub-county (Aluso, 2018). Nonetheless a number of them have the poten-
tial to improve dietary quality of women and small children in the area. Six
of these wild foods (some naturalized) were selected based on availability of
nutrient content data and their potential contribution to closing nutrient gaps
(Sterculia africana [African-star chestnut|, Berchemia discolor [wild almond], Grewia
tenax [white crossberry], Amaranthus hybridus [amaranth], Solanum americanum
[American nightshade] and Celosia argentea [celosia]), to model the lowest-cost,
most-nutritious diets with and without these wild foods using the Cost of Diet
linear programming tool developed by Save the Children, UK.? Results showed
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that the addition of the three wild vegetables resulted in cost reductions of 30%—
71% compared to the models without wild foods, as well as making up for iron
and zinc gaps in the models without wild foods (Sarfo et al., 2020).

Many NUS have higher nutrient values than their cultivated counterparts
(Akinola et al., 2020); however, they do not always contribute as much as they
could to closing nutrient gaps or improving livelihoods. In a study around the
Lama Forest in southern Benin, 91% of households mentioned they sometimes
collect WEPs, but only 8 of the 61 WEPs documented in the area were found
in 37% of the 240 24h-dietary intake recalls carried out during the lean season.
Fermented Parkia biglobosa kernels were consumed the most (Boedecker et al.,,
2014). Similar results were found in a study on WEP consumption in Tshopo
District, DR Congo by Termote et al. (2012) with only 11 out of 77 known
WEPs reported in 30% of the recalls carried out in Yaoseko village. Both studies
found that people who consumed WEPs the previous day, compared to those
that did not, had higher dietary diversity scores and/or higher nutrient intakes for
that day. Other studies, such as Dovie et al. (2007) in South Africa, found much
higher contributions of WEPs to micronutrient intakes.

Food system diversification with NUS

Increasing knowledge on the nutritional and livelihood benefits of NUS through
nutrition education or counseling — whether or not in combination with train-
ings on how to grow, prepare, conserve and market them — has been successful
in several projects throughout the continent. One of the earliest examples (Box
6.1), is the African Leafy Vegetables (ALV) project carried out in Kenya by BI
and partners from 1996 to 2003, wherein the multifaceted approach of prioritiz-
ing, characterizing, improving production and simultaneously creating demand
through nutrition education and media campaigns led to better livelihoods for
hundreds of ALV farmers (Gotor and Irungu, 2010). Building on this early work,
an integrated community-based approach for farm, market and diet diversity was
developed in Vihiga county, Kenya.> A diagnostic survey documented dietary
intake patterns and agricultural biodiversity. Subsequently, community groups
were taken through a series of workshops wherein (a) the importance of nutrition
and balanced diets was explained, (b) the diagnostic survey results were dis-
cussed and (c) community action plans (CAP) were drafted. All groups decided
to grow ALVs and legumes in kitchen gardens and some even added poultry
activities. During CAP implementation, the groups were guided through agri-
cultural trainings and nutrition counseling. An end-line survey after one year
showed that dietary diversity scores had significantly increased for women as
well as for small children in the whole community. The percentage of children
meeting minimum dietary diversity (consuming foods from a minimum of four
out of seven food groups) also increased significantly (Boedecker et al., 2019).
The approach is currently being further piloted in two new contexts in Kenya
(in Turkana and Busia counties).
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Box 6.1 African Leafy Vegetables in Kenya

Realizing that nutritious traditional leafy vegetables were rapidly disappear-
ing from plates and fields, Bl and its partners started implementing a project
on ALV in the mid-1990s. Through ethnobotanical surveys, 210 different ALVs
were documented, of which few were found to be regularly consumed by
those surveyed. Germplasm was collected for conservation in the national
gene-bank and characterized. Eight species, including Amaranthus (Ama-
ranth spp.), spider plant (Cleome gynandra) and cowpeas (Vigna unguiculata),
were prioritized for further research. Their nutritional composition was deter-
mined and the effects of storage and processing on their nutrient composi-
tion was studied.

Subsequently, the project worked with farmers and consumers to optimize
agronomic protocols and increase knowledge on the nutritional benefits of
ALVs. Four hundred and fifty farmers benefited from seed starter packages
and training on growing ALVs. Farmers were linked with market outlets and
public awareness strategies such as cooking contests; recipe booklets and
radio station coverage were organized. As a result, ALVs started appearing in
supermarkets in Nairobi (EIARD, 2013). Three years after the project ended,
an impact study revealed that the production of ALVs in peri-urban Nairobi
had increased more than ten-fold since 1997. Almost 23% more farmers grew
a minimum of one ALV, and the average number of ALVs grown increased
from 1.5 to 2.3 (Gotor and Irungu, 2010). Women played a key role in the
production, marketing and consumption of ALVs, and incomes increased in
regions where farmers were linked to markets. Increased awareness of the nu-
tritional value of ALVs was identified as a key driver for the increased demand.

Other interesting models currently being pilot-tested in Kenya to promote
production and consumption of NUS are f.e. (1) direct food procurement for
school feeding programs, linking ALV farmers with schools in Busia county with
the double goal of improving school meal quality, nutrition and performance
of pupils as well as improving farmer incomes and livelihoods (Borelli et al., in
press); and (2) multi-stakeholder platforms to connect ALV farmers with markets,
facilitate business plan development and attract investments in Nakuru (SASS
project* led by the European Centre for Development Policy Management) and
Kisumu (Healthy Food Africa project” led by BI), with the aim to build inclusive
value-chains that support food system resilience and diet quality.

To support this work, a range of tools to raise awareness on the nutritional and
livelihood benefits of NUS have been developed; for example, in southern Be-
nin, BI researchers developed a picture-based recipe book integrating NUS into
traditional recipes to improve their nutritional quality (Bodjrénou et al., 2018).
Another tool developed and refined within several BI projects is the seasonal
food availability calendar to assist extension workers and consumers with year-
round selection of foods from different food groups to meet minimum dietary
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diversity standards and, thus, increase chances of covering all individual nutrient
needs (Lochetti et al., 2020).

Trees on farms — promoting diversity

The World Agroforestry (ICRAF) developed the food tree and crop portfolio ap-
proach to enhance the seasonal availability of nutritious foods in local food systems
(McMullin et al., 2019). These nutritious food portfolios are location-specific
recommendations for cultivating a greater diversity of indigenous and exotic
food trees (those that provide fruits, leafy vegetables, nuts, seeds and oils) with
complementary vegetable, pulse and staple crops that could address food harvest
and micronutrient gaps in local households’ diets. Additionally, the tool shows the
nutritional value (vitamin A, vitamin C, iron and folate) of selected species using
a scoring system to simplify nutrient content information, which is very useful in
supporting decision-making for species selection. Indigenous and underutilized
species are included in the portfolios as they are socio-culturally relevant in local
food systems, and are adapted to individual landscapes, with a diversity of species
enhancing resilience to more variable environmental conditions (Dawson et al.,
2019). Tree-foods are often available when other crops fail, and also during the
“lean” season. They complement and diversify the predominantly staple-based
diets of rural households through the year (Kehlenbeck et al., 2013).

Another tool to support mainstreaming micronutrient rich tree-foods in local
food systems is ICR AF’s Priority Food Tree and Crop Food Composition Da-
tabase,® which presents nutrient data of over 90 food-tree and crop species. The
database presents the backbone of the portfolios but can also be used for dietary
assessments, developing training materials, and selecting nutrient-rich species
for domestication and breeding programs. However, for a range of indigenous
species, nutrient content data is still missing due to a lack of research and private
sector interest and investment in these species (Dawson et al., 2018).

One of the biggest challenges to growing a diversity of food-tree species, and
NUS in general, is the lack of availability and access to quality planting material.
Attention to delivery systems for planting material has been identified as an im-
portant success factor for mainstreaming orphan crops (McMullin et al., 2021).
To effectively reach large numbers of smallholder farmers, well-functioning, de-
centralized systems for delivering seeds, seedlings and associated management
information are required (Dawson et al., 2012).

Domestication and improvement efforts

ICRAF has been working on domesticating and improving its mandate trees,
many of which fall into the category of NUS. The Genetic Resources Unit of
ICR AF maintains more than 120 tree species either as seeds or in-sifu collections.
Most trees have a very long lifespan, are propagated using vegetative means and
are difficult to breed using traditional methods. Traditionally, trees have been bred
using simple methods like selecting good performing ones, known as “(plus)+”
trees, which are then supplied as clonal improved material; but further steps are



84 Termote Céline et al.

needed for major increments in phenotypic traits and better performance. To en-
hance tree-breeding efforts, the African Orphan Crops Consortium (AOCC”)
is developing genomics resources for 101 crop species, around half of which are
trees while the remaining are annual species. The AOCC aims to improve the
nutritional value, productivity and climate adaptability of these traditional food
crops and to increase their use in African diets (Hendre et al., 2019; Jamnadass
etal., 2020). A number of AOCC species have been considered by ICR AF for de-
veloping advanced breeding programs using modern genomics tools (Table 6.2).

TABLE 6.2 Mandate tree species list for domestication and improvement. Species
marked as “$” have been whole genome sequenced by the Africa Orphan
Crops Consortium.

Species name

Common name

1 Adansonia digitata Baobab, Mbuyu
2 Moringa oleifera® Moringa, Drumstick tree,
Mzunze
3 Sclerocarya birrea® Marula, Mng’ongo
4 Uapaca kirkiana Wild apple, Wild loquat,
Mkusu
5 Allanblackia stulhmanii Allanblackia, Kionzo,
Bouandjo, veg tallow tree
6 Dacryodes edulis African Plum, Safoutier
7 Vitellaria paradoxa Shea Butter
8 Ziziphus mauritiana Jujube, Mkunazi
9 Irvingia gabonensis Sweet bush mango, Dika
10 Ricinodendron heudelotii Ground Nut Tree, Muawa
1 Parkia biglobosa Nere, African Locust
12 Vitex doniana Chocolate berries, Mfudu
13 Tamarindus indica Tamarind
14 Annona senegalensis Wild Custard Apple, Mtokwe
15 Anacardium occidentale Cashew, Korosho
16 Artocarpus altilis® Breadfruit, Mshelisheli
17 Artocarpus heterophyllus® Jack Tree, Fenesi
18 Dovyalis caffra Kei Apple, Kei-appel
19 Faidherbia albida® Acacia (Apple-ring)
20 Parinari curatellifolia Mobola plum, Mbura
21 Saba senegalensis Gumvines, Mbungu
22 Casimiroa edulis ‘White sapote
23 Detarivm microcarpum Sweet detar
24 Garcinia livingstonii African Mangosteen, Mpekechu
25 Mangifera indica Mango, Maembe
26 Morus alba Mulberry
27 Psidium guajava Guava, Mpera
28 Strychnos cocculoides Kaffir Orange, African Orange,
Kikwakwa
29 Strychnos spinosa Kaffir Orange, African Orange,
Kikwakwa
30 Syzygium guineense Water berry, Mzuari
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Conclusion

Africa is home to a lot of promising species with the potential to improve diets
and livelihoods. Only a few African species have made it into global value-chains,
but a large number of them have regional, national or local importance, albeit
with their full potential still yet to be discovered. While knowledge gaps remain
on the nutritional, economic, socio-cultural and ecological importance of these
species, ongoing research into context-adapted models promoting NUS produc-
tion and consumption are generating evidence on how these have the potential
to enhance diet quality, nutrition and incomes. Given that NUS are also well
adapted to their local environments and support farm resilience, they could play
an important role in the transition towards healthy, sustainable and inclusive
African food systems.

Notes

1 www.protadu.org

2 https://www.heacod.org/en-gb/Pages/AboutCotD.aspx#:~:text=The%20Cost%20
0f%20the%20Diet,0f%20protein%2C%20fat%20and%20micronutrients.

3 https://cgspace.cgiar.org/bitstream/handle/10568/110074/community-led_

Nowicki_2020.pdf

www.ecdpm.org/sass

https://healthyfoodafrica.eu/

http://www.worldagroforestry.org/products/nutrition/index.php/home

http://africanorphancrops.org/
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OF NUS FRUIT TREES IN LATIN
AMERICAN FOOD SYSTEMS
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Evert Thomas, Bruno Gamarra, Maarten van Zonneveld,
Chris Kettle

Introduction

Latin America is home to an extraordinary diversity of nutritionally important
fruit-tree species (Kermath et al., 2014) and, for millennia, local people have
selected and domesticated useful species in their landscape (Levis et al., 2018).
Despite the high diversity of nutritionally rich fruit trees, the homogenization
and Westernization of consumption patterns in the region have driven the spread
of poor diets, particularly in rural areas. Diets, especially of Indigenous commu-
nities are increasingly based on staples and processed food with lower nutritional
values (Coimbra et al., 2013). Farming in Latin America is increasingly based
on unsustainable and environmentally damaging practices, which drive tropi-
cal forest degradation and deforestation (Dobrovolski et al., 2011). Over 80% of
Latin American farms are managed by smallholders (Leporati et al., 2014), who
are incentivized by policy initiatives to prioritize fruit cash-crops at the expense
of on-farm diversity (Sthapit et al., 2016). Although crops such as palm oil Elaeis
guineensis), cacao (Theobroma cacao) and banana (Musa sp.) can play an important
economic role in the region, monocultures make farmers increasingly vulnerable
to socioeconomic and environmental shocks (Maas et al., 2020).

The advantages of adopting a greater diversity of fruit-tree species clearly
extend beyond economic resilience. One premise of this chapter is that eco-
logical benefits, including restoration of landscapes and delivery of ecosystem
services — carbon sequestration, pollination, soil protection, and fauna habitat
connectivity — will be generated through increasing the role of underutilized
fruit species in local, national and international markets. This will also contribute
to the conservation of important genetic resources (vanHove and VanDamme,
2013; Thomas et al., 2018; van Zonneveld et al., 2020). In the Americas alone,
there are several thousand fruit-bearing tree species with the potential to generate
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income and improve diets (Bioversity, 2004). Despite considerable evidence sup-
porting their ecological, cultural, nutritional, and livelihood-related benefits
(Santos, 2005; Jansen et al., 2020), many of these native fruit species remain ne-
glected or underutilized (NUS). While it is clear that not all fruit species have the
potential to become global market sensations, significant opportunities exist to
increase the range of promising species at regional or national levels, improving
community food security and local economies.

We reviewed a representative sample of 150 NUS across 27 families from
various Latin American ecoregions. From this species list, we identify 25 high-
potential species, considered to have the greatest scope expanding their commer-
cial horizons (Table 7.1). We identify and discuss a range of barriers to adoption
of native fruit-tree species, across farmer-facing obstacles, gaps in the value-chain
and barriers in consumer demand (Table 7.2). We describe examples of how these
specific barriers have been lifted in the past. Finally, we make suggestions on
how these solutions can be extended to other contexts in the future, unlocking
the potential of a broader range of Latin American biodiversity — thus meeting
growing consumer demand for supply-chain transparency and benefiting farmers
throughout the continent.

The barriers to adoption of NUS fruit-tree species in Latin
American food systems

Multiple factors can inhibit the uptake of native fruit-tree species in diversified
farmer production systems and consumers’ diets (see Table 7.2). The barriers are
compiled into three main categories: (i) farmer-facing constraints at the pro-
duction stage; (i1) value-chain related obstacles and (iii) challenges related to
consumer demand and marketability.

Barriers at production stage

On-farm challenges in fruit production can prevent farmers from adopting cer-
tain crops, thereby limiting the diversification of agroforestry systems. These
challenges are often related to a lack of knowledge or capacity. In a study on
native Amazonian fruit species selected for their high economic, social and eco-
logical benefits, the identified barriers to adoption, whether for home consump-
tion or as cash crops, were primarily socio-technical rather than market or profit
oriented (Lagneaux et al., 2021). The most common limitations were, in order
of frequency: lack of knowledge about the species, skepticism about productive
potential given soil conditions, challenges related to harvests (e.g., in the case of
tall palm species) and limited access to seeds and seedlings. This suggests that the
factors keeping farmers from integrating more NUS fruit species are diverse and
not exclusively economic.

For greater uptake of NUS it is helpful to understand which species are com-
patible with important commercial crops. Coftee in Central America is often
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interplanted with fruit species that are complementary in terms of size and ecol-
ogy, such as guava (Psidium guajava) and hog plum (Spondias mombin) (de Sousa
et al., 2019). However, in many cases, in-field compatibility among fruit species
may be limited; therefore, optimizing the designs of farm parcels is crucial to
achieve successful outcomes. The lack of agronomic knowledge is also a signif-
icant barrier to the adoption and success of NUS — albeit one that can be over-
come with training and horizontal knowledge sharing among farmers, such as in
farmer field schools (see section 3).

Decision-making on which species to plant is sometimes influenced by the
time it takes for a species to become productive. The Amazonian Brazil-nut tree
(Bertholletia excelsa) for example is a hyper-dominant species, delivering multiple
ecosystem services (Thomas et al., 2018). However, the trees only become profit-
able after 1520 years or more and concerns in the region about its future market
viability are increasing despite some enrichment planting (Bronzini, 2019). The
investment required to bring this species to productive age may discourage its
use when other species can deliver returns quicker. This serves to illustrate how
a species’ ecology — and the level of knowledge thereof — can act as barriers to
adoption, in this case by smallholders in the Amazon.

Barriers at the value-chain stage — from farm to market

Two of the most significant challenges faced by smallholders in rural areas are
post-harvest storage and the transport of fresh fruit to market. Given the perish-
ability of many tropical fruits, processing them into value-added products with
longer shelf-life is crucial for producers to fully benefit from the economic po-
tential of these species. Farmers often face basic infrastructural limitations such
as lack of electricity or potable water, restricting fruit processing options (Smith
et al.,, 2007). Many fruits are never folded into even local market supply-chains
due to the simple lack of transportation access to those markets, despite the fruits
being delicious and highly nutritious. Fruits are typically moved at the farmer’s
expense by boat, motorcycle or truck to intermediate buyers, leading to less
profitable transactions and an increased risk of damage to the product, resulting
from a lack of operational cold chains. Consequently, market opportunities for
fresh fruits are often extremely limited, and improvements to on-farm process-
ing are needed for the development of viable fruit value-chains. Fresh copoaza
(Theobroma grandiflorum), a relative of cacao, has a rather short shelf-life, perishing
only four days after fruit-drop if it is not cold stored or processed. Other fruits are
even faster to lose their color or flavor after harvest. For such species, the constant
monitoring of trees, quick harvests and rapid transport to the closest local market
are required in the absence of on-farm infrastructure.

Another Amazonian fruit, camu camu (Myrciaria dubia), prized for its out-
standing nutritional value (Rodrigues et al., 2001), requires careful handling
for optimum quality. If harvested semi-ripe, the fruit contains high amounts of
vitamin C — the highest of any fruit — but its color and flavor are less attractive.
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Harvested ripe, it possesses an impressive color and flavor, but the vitamin C
content is less stable. Promoting fruits such as camu camu requires research and
investment in more sophisticated fruit processing capacity, which, in this exam-
ple, would enable the stabilization of vitamin C while also preserving organo-
leptic qualities.

Barriers in consumer demand and marketability

Many native fruits are unknown to urban consumers, hampering their inclusion
in national diets. In big cities, fruit consumption is often limited to conven-
tional, familiar fruits. Even though copoazt and Brazil-nuts are major income
generators in the Peruvian Amazon, they are almost unknown in the capital
Lima, where their consumption is surpassed by strawberries and almonds. This
was also historically the case for camu camu — until 2019 when the Aje Group,
Peru’s largest soft-drink company, carried out a national publicity campaign and
established the fruit as the main ingredient in a beverage on the market. This
example demonstrates the impact that effective awareness-raising and marketing
can have on increasing the visibility of NUS fruits. Public institutions can also
play an important role in educating the masses on the benefits of a variety of
locally produced fruits — for example, municipalities organizing cultural and
gastronomic events.

On the other hand, consumer preference for local fruits in the Global North
can amount to an obstacle to the promotion of underutilized Latin American
fruits in international markets. This is mainly because of concerns about sustain-
ability, the carbon footprint of airfreight and the lack of transparency of supply
chains in remote countries. Novel tropical-fruit products can benefit from ex-
panding conscientious markets (Jansen et al., 2020); consumers are increasingly
demanding ethically sourced products that demonstrate traceability and provide
guarantees of ecological sustainability and social fairness. Value-chains in which
brands and retailers are committed to tracing fruits back to farmers can provide
powerful incentives to continue growing native fruit species. A new product is
mainly successful when it offers great taste, high quality and competitive pric-
ing, but marketing can also break through by focusing on nutritional, social or
environmental benefits.

The removal of barriers to adoption of native fruit-tree
species in Latin American food systems.

For any particular NUS, multiple barriers to adoption are often present. The re-
moval of one significant barrier can sometimes be sufficient to unlock the poten-
tial of a species. We do not necessarily need to confront all barriers to adoption
to effectively address crucial bottlenecks.

Farm-facing solutions: In general, the removal of on-farm barriers requires
engagement, working closely with farmers at each stage in the production process.
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This is especially the case when scaling-up diverse farming systems, where long-
term species are intercropped with short- and medium-term income-generating
species — successional agroforestry. Government and other programs can help
reduce the risk of traditional cultivars being replaced with monocultures by pro-
moting diverse agroforestry systems with multiple perennial species, such as in
the case of cacao cultivation in Central America (de Sousa et al., 2019). Diversity
fortifies resilience, both on the farm and in the market, yet does require effec-
tive decentralized platforms for delivery of technical support, capacity building
and knowledge transfer on species selection, planting design, management and
harvesting strategies. Agronomic knowledge on the compatibility and comple-
mentarity of different native fruit species in agroforestry systems also needs to be
more widely available and horizontally shared.

Finally, gaps in infrastructure and know-how for propagation (nurseries) and
distribution in rural, remote areas with limited accessibility must be addressed if
promising species are to be widely adopted. In the example of cherimoya, access
to selected cultivars in combination with improved management (e.g., introduc-
tion of new pruning approaches) has resulted in increased incomes for Andean
farmers in Peru, Ecuador and Bolivia (Vanhove and Van Dammel, 2013).

Another example is ramén (Brosimum alicastrum), a hyper-dominant forest spe-
cies that is now embraced by local communities in the Maya Biosphere Reserve
in Guatemala. Community- and farmer-facing outreach focused on the eco-
nomic and nutritional benefits of new fruits is fundamental to the success of such
non-profit programs. At the same time, the organization of fruit harvesters in
associations — in this case with the collaboration of associations such as Asoci-
acién de Comunidades Forestales de Petén and NGOs like Rainforest Alliance
(Izabela et al., 2019) — can be key to hitting export volumes and for successful
co-investing in necessary infrastructure.

Value-chain development: A critical aspect of fomenting the adoption of
native fruit species is the provision of economic incentives to farmers through
reliable and equitable value-chains. In parallel, ensuring a consistent product
through processing is critical to resilient value-chains. In Latin America, nu-
merous examples of successful fruit processing exist, including pulp, dried fruit,
flour, jams and freeze- or spray-dried powders (e.g., Moraes et al., 1994). All these
added-value mechanisms help remove fruit transport barriers, though each has its
own disadvantages. For example, the production of freeze-dried powder requires
expensive equipment and fruit pulps need strict cold chains; meanwhile, jams are
niche products with low overall consumption and demand. Opportunities exist
for private and public sector actors to innovate. One alternative for overcoming
fruit durability and transport barriers while preserving most of the fruit’s natural
teatures is the production of purees, a pasteurized form of fruit pulp that is highly
versatile and can be used as an ingredient in a variety of final products. Puree is
simple and cost-efficient to process and it can be stored and transported without a
strict cold-chain. This is a solution that can be managed at the farm-level, keep-
ing the added value of fruit processing in the hands of farmers.
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Many of Latin America’s most economically significant trees provide other
commodities such as seed oil for cosmetic or edible use. Brazil-nut, murumuru
(Astrocaryum murumuru), and andiroba (Carapa guianensis) are just a few of the
many native seed oils that have been successfully commercialized in Brazil
(Plowden, 2004; Campos et al., 2015; Smith, 2015). Basic equipment — in this
case oil presses — is all that is needed to enable small producers or cooperatives to
offer value-added products to national markets. When this barrier — lack of ac-
cess to capital or know-how for value-added equipment — is removed, fruits that
previously were left to decompose on the forest floor can incentivize sustainable
management of natural forest resources and the augmentation of wild production
via agroforestry planting. In the example of Brazil, accessible financing terms are
offered to farmers for investment in equipment and infrastructure (Machado de
Moraes, 2014). Economic policies that promote the establishment of village-level
infrastructure and development of local market-facing supply chains play a key
role in successfully lifting a species from NUS status. The establishment of robust
cooperatives or producer associations can help secure financing for equipment
and strengthen producers’ negotiating power with buyers and is, therefore, a vital
component of fair trade certification standards — ensuring consumer satisfaction
while also making a compelling argument for the consumption of unique fruits
from distant regions.

Up-scaling NUS access to consumers: The Amazon is home to a rich
diversity of palms that are extremely abundant producers of nutritious and cul-
turally significant fruits. The pulp of acai (Euterpe oleracea) is now a globally
consumed, antioxidant-rich “superfood” that was traditionally prominent in the
forest economy and food security of the lower Amazon basin (Mufiz-Miret et
al., 1996). This product became known beyond Brazil’s borders thanks both to
well-positioned flagship brands in foreign markets (such as Sambazon in the US)
and to a range of policies that support farm- and village-level producers (OECD,
2011).

In addition to acai, acerola (Malpighia glabra), buriti (Mauritia flexuosa) and
copoazu have reached markets beyond the Amazon basin, but the lesson learned
from Brazil suggests that establishing domestic as well as international markets
is important for the creation of resilient value-chains. Brazil boasts a tremen-
dous diversity of effectively domestically marketed products from the Amazon
bioregion that remain underutilized in neighboring Peru, Bolivia, Ecuador and
Colombia, presumably due to a lack of similar national economic policies. Spe-
cies that remain underutilized throughout their native range but which have
been developed in Brazil include peach palm (Bactris gasipaes), pama (Pseudolmedia
macrophylla), pitanga (Eugenia uniflora), pataua (Oenocarpus bataua) and charichuelo
(Garcinia madruno).

Governmental organizations, NGOs and Brazilian agricultural research in-
stitutes have promoted the consumption of native fruit species, resulting in the
publication of a national ordinance that officially recognizes the nutritional value
of more than 60 native food plants (Beltrame et al., 2016). With this policy
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support, federal and local governments have been able to achieve the inclusion
of several fruits in subnational and local school lunch programs. Farmers who
supply these programs are able to diversify their farms with nutritious food plants
because the officially mediated procurement market incentivizes them to do so
(Wittman and Blesh, 2017). Significant secondary benefits are achieved by in-
troducing NUS in such school lunch programs, enhancing cultural acceptance
and leading the way to the development of more robust local economies for these
fruits.

The promotion of new fruit products in national or international markets
requires investment. For successful adoption, knowledge about the fruit diver-
sity of a region must be shared among producers, practitioners and distributors
and with food businesses, including restaurants and end-consumers. Food fairs
such as Lima’s massive Mistura Food Festival, academic presentations and social
events are just some of the many platforms that can be used to promote new
tastes and raise awareness of the nutritional, social and ecological values of fruits.
A key component is the involvement of adequate first-market adopters includ-
ing tastemakers and celebrity chefs such as Virgilio Martinez and Pedro Miguel
Schiaffino, two of Latin America’s most important voices currently at the inter-
section of gastronomy and biodiversity. Successfully promoting new and exotic
tastes involves customers that are curious and open, for example, to exotic and
innovative cuisine, as found in some of Latin America’s top-ranked restaurants.
To reach these customers and further broaden these fruits’ clientele, creative
cultural solutions are needed — a challenge that is multifaceted yet of great im-
portance if broader acceptance of unfamiliar fruits is to be achieved.

Conclusion

The barriers to adoption for underutilized fruit species in Latin America are as
complex and diverse as the fruits themselves. The challenges in mainstreaming
these fruits in food systems span from on-farm barriers, such as a lack of infra-
structure or knowledge, to gaps in the value-chain, such as inability to pro-
cess, stock or transport raw material, to lack of consumer demand because some
products are not affordable or accepted. Heterogeneous and unfamiliar products
struggle to scale up market access and consumer awareness. There are burgeoning
examples of native fruit species that were, until recently, underutilized, but that
now provide much-needed sustainable livelihood options for rural communities
across the region. As demonstrated in this chapter, innovative processing systems,
social institutions, ethical consumption and awareness-raising all play a role in
lifting barriers (Table 7.2), to establish more resilient agroecological systems us-
ing the extraordinary genetic diversity of Latin American fruit-tree species. To
synergistically contribute to income generation, diet diversification and resilient
landscapes, poly-cultural food production using a greater diversity of fruit trees
generates benefits from the local to the global scale. Simultaneously, better social
outcomes are achieved, such as the creation of diverse diets with increased fruit
consumption and associated public health improvement, development of more
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resilient farming systems, enriched livelihoods and the strengthening of local
food security in cases of catastrophes. The diversity of fruits in Latin America is
considerable and, while often overlooked, has the potential to help farmers over-
come many of the biggest challenges they face. In order to unlock this transform-
ative potential, practitioners from all sectors — governments, academia, businesses
and NGOs — must collaborate on generating and sharing the practical knowledge
of successes and failures that represents our most viable strategy for diversifying
the food system.
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PROMOTING BUCKWHEAT IN CHINA

Zongwen Zhang

Introduction

Buckwheat is an annual crop native to China. There are two main cultivated types,
namely, common buckwheat and tartary buckwheat. The former is also called
sweet buckwheat, while the latter is also called bitter buckwheat. Buckwheat is
used for multiple purposes. The flour from the seed can be used to make a variety
of foods. The straw and leaves can be used as fodder and medical raw material.
Buckwheat grain is rich in protein, vitamins, minerals, plant cellulose and other
nutrients, and contains flavonoids, especially rutin, which has pharmacological ef-
fects for reducing blood fat and cholesterol and preventing cardiovascular diseases
(Lin, 2013). Buckwheat is very adaptable to poor soil and cool weather conditions.
The growth period of buckwheat is short — it generally takes about 60-90 days to
mature. The annual planting area for the crop in China is 0.6—0.8 million hectares,
and the total output is 0.5—0.6 million tons (Zhang and Wu, 2010). Buckwheat
is a minor crop in China, as its cultivation area is small compared to staple crops
such as rice, wheat and corn. However, buckwheat is considered an advanced food
due to its high nutritional and medical values. The market demand for it at home
and abroad is constantly expanding, which brings opportunities for strengthening
buckwheat research and development (R&D) in China. This chapter aims to sys-
tematically review the current status of buckwheat biodiversity and its R&D in
China, as well as identify research gaps and needs, and put forward action plans for
improving the sustainable development of the buckwheat industry.

Buckwheat biodiversity

Species diversity

Buckwheat is a pseudo-cereal crop belonging to the genus Fagopyrum, Family
Polygonaceae. Fagopyrum species are widely distributed in Eurasia, with their
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primary diversity center being China. Before 1998, there were nine species and
two varieties of Fagopyrum recorded in China (L1, 1998). Over the past 20 years,
however, both Chinese and foreign scholars have discovered and reported more
than 20 new wild species of Fagopyrum (Xia et al., 2007; Fan et al., 2019), par-
ticularly the ancestor species of buckwheat, namely, F.esculentum ssp. ancestrale
(Ohnishi, 1998a) and F. tataricum ssp. potanini (Ohnishi, 1998b), were identified
in the southwest of China. There are two main cultivated species, namely, F.
esculentum Moench and F. tataricum (L.) Gaertn in China. Due to its medicinal
use, F. cymosum (Trev.) Meisn. is being domesticated and some cultivated forms
have been developed in China (Yuan et al., 2019).

Landrace diversity

During the long history of its cultivation and domestication in China, two major
types of buckwheat formed, namely, the cross-pollinated common buckwheat
with high genetic diversity within its population, and the self-pollinated tar-
tary buckwheat with high genetic diversity between populations. With years
of effort, China has collected 3,085 accessions of buckwheat germplasm, in-
cluding 2869 landraces (Zhang and Wu, 2010), accounting for 93% of the total.
Landraces of tartary buckwheat were mainly from southwest regions, including
Yunnan, Sichuan, Guizhou and Tibet, while those of common buckwheat were
from north, northeast and northwest, including Shanxi, Shaanxi, Hebei, Inner
Mongolia, Gansu and Jilin.

Current status of buckwheat R&D in China

Conservation of buckwheat biodiversity

The ex situ conservation of buckwheat biodiversity is managed by the National
Crop Genebank (NCG) at the Chinese Academy of Agricultural Sciences
(CAAS). Buckwheat accessions were identified, multiplied, catalogued and
stored for the long term in a temperature of —18°C. At the same time, sam-
ples of these accessions were also stored under mid-term conditions. Researchers
from national organizations can access the accessions stored in NCG for research
purposes (Zhang and Wu, 2010).

As F. cymosum (Trev.) Meisn. has very important medicinal value, the Minis-
try of Agriculture and Rural Affairs established in situ conservation sites in the
Hubei and Hunan provinces to prevent important populations of F. cymosum
(Trev.) Meisn. by using the way of physical isolation (Zheng et al., 2019). For on-
farm management, Bioversity International and a partner of the Chinese Academy
of Sciences initiated a study on in situ conservation of buckwheat in Liangshan,
Sichuan province. The investigation showed that tartary buckwheat is a staple
food crop of the Yi ethnic group that is native to Lianshan. A variety of landraces
of tartary buckwheat were managed by local farmers. The living customs in the
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Yi ethnic group and the ecological conditions in Liangshan were all conducive to
the on-farm management of buckwheat biodiversity (Zhao et al., 1998).

Assessment of genetic diversity

The characterization of agronomic traits of buckwheat biodiversity is mainly
carried out by the relevant national research organizations coordinated by NCG
at CAAS. Traits of plants, flowers and grains were measured; the growth period,
lodging property and seed-shattering were accounted; and the contents of pro-
tein, fat, amino acids, vitamins and trace elements were analyzed. The analysis
showed that buckwheat accessions had a rich diversity of agronomic traits, which
was not only reflected in the traits themselves, but also showed great variation
among materials from different regions. For example, the plant height ranged
from 34 cm—205 cm, averaging 98.7 cm. The 1,000-grain weight of common
buckwheat (26.68g) was significantly higher than that of tartary buckwheat
(19.30g) (Zhang and Wu, 2010).

With the rapid development of biotechnology, DNA molecular marker tech-
nology has been widely used in the study of the genetic diversity of buckwheat.
Bioversity International, in cooperation with the CAAS and other relevant
partners in China, analyzed the genetic diversity of buckwheat by using ISSR
(inter-simple sequence repeat) markers. The results showed that there were sig-
nificant genetic differences among local buckwheat cultivars in Yunnan, and
there were significant genetic differences among local cultivars in Guizhou, Hu-
bei and Yunnan (Zhao et al., 2006). A genetic linkage map of buckwheat was
constructed by combining morphological and molecular markers, laying a foun-
dation for gene mining in buckwheat (Du et al., 2013). Recently, Bioversity and
CAAS carried out the transcriptome analysis with a focus on rutin accumulation
at filling stage seeds among three buckwheat species (Gao et al., 2017)

Improvement of varieties

China attaches great importance to the improvement of buckwheat varieties.
With the support of relevant national and local projects, many research insti-
tutions and universities have participated in breeding new buckwheat varieties,
aiming to improve the yield per unit area, lodging resistance and quality, so as
to meet the farmers’ needs for more income generation by growing buckwheat.
Breeding technology was mainly based on systematic selection. With the mech-
anism of cross-pollination of common buckwheat, natural hybridization was the
source of variants for selection. With mutagenesis technology to enhance the
germplasm, a batch of new buckwheat varieties were bred (Ma et al., 2015).
Marker-assisted selection technique is used in buckwheat breeding, by identity-
ing useful diversity, constructing genetic linkage map, and developing molecular
indicators such as SSR (simple sequence repeat) markers for identifying the het-
erozygotes of interspecific hybridization (Yang et al., 2019).
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Production and farming system

In the 1950s, the annual planting area of buckwheat in China crossed two mil-
lion hectares. Later, it was squeezed by high-yielding crops, and the annual sown
area has been 0.6—0.8 million hectares in current years. At present, buckwheat
is grown in more than 20 provinces and regions, in which tartary buckwheat is
mainly present in the southwest and common buckwheat in the north, northeast
and northwest. According to buckwheat distribution, the production area can be
divided into four ecological regions:

1 Northern spring buckwheat region: This area includes the plateau and
mountainous areas along the Great Wall and to the north, including parts
of Heilongjiang, Jilin, Liaoning, Inner Mongolia, Hebei, northern Shanxi,
Gansu, Ningxia and Qinghai. This area is also the main producing area of
common buckwheat.

2 Northern summer buckwheat region: This area is centered on the Yellow
River Basin, bounded to the south by Qinling mountain and Huaihe River,
west by the Loess Plateau and east by the Yellow Sea, where is also a tradi-
tional winter wheat region. Buckwheat is planted as a second crop, generally
seeded in June—July.

3 Southern autumn and winter buckwheat region: This region includes the
south of Huaihe River, the middle and low reaches of, and the south of the
Yangtze River. This region has a wide area, warm climate, long frost-free
period and abundant rainfall. It is dominated by rice with buckwheat used
to fill vacant fields, and is sowed in September—November.

4 Southwest high land spring and autumn buckwheat region: This region
includes Qinghai-Tibet Plateau, Yunnan-Guizhou Plateau and the hills of
Sichuan, Hubei, Hunan and Guizhou. It has a high altitude, as well as com-
plicated ecological and geographical environments, with more clouds, less
sunshine and large temperature differences between day and night. Tartary
buckwheat is mainly planted in this region.

Process and value-chain

The processing of buckwheat products is an important part of the value-chain.
Early enterprises engaged in buckwheat processing were very small and were
mainly based in the areas of buckwheat production. The processing products
were mostly primary products, such as flour and noodles from common buck-
wheat, and flour and tea from tartary buckwheat. In recent years, buckwheat-
processing technologies have developed rapidly, and the product—market chain
has extended dramatically. New products include kernels, roasted buckwheat
rice, instant noodles, biscuits, beer, liquor, flavonoids, shell pillows, leaf powder,
etc. Some traditional buckwheat food such as nest head, vinegar and powdered
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jelly also have been revitalized and popularized for driving the consumption of
buckwheat, and achieving good economic and social benefits from the crop.
Buckwheat is largely consumed by farmers themselves. However, considerable
quantities are also made available to local and international markets. Biover-
sity and the Shanxi Academy of Agricultural Sciences worked on buckwheat
value-chains with farmers, processors, traders and consumers to promote its
production, processing and marketing, and contribute to income generation for
farmers by adding the value to buckwheat produce and linking farmers to mar-
kets. However, great changes are have been taking place in buckwheat markets
in China in recent years. With the increase of domestic consumption demand
driven by its health value, China, an exporter of buckwheat, began to import
buckwheat in large quantities — for example, 270,000 tons were imported in 2018

and 365,000 tons in 2019.

National plans and policies related to buckwheat

China attaches importance to the R&D of buckwheat. In 2011, the Ministry of
Agriculture and Rural Affairs (MARA) integrated buckwheat into the mod-
ern agriculture technology system by establishing the national buckwheat R&D
center, including laboratories and experimental stations tasked with the roles
of organizing and coordinating the efforts in buckwheat R&D in the coun-
try, involving germplasm and breeding, cultivation, pest and disease control and
processing. In 2017, the MARA, together with other relevant ministries and
commissions, formulated the Outline of Action Plan on Advancing Special Ag-
ricultural Products, including buckwheat.

Some local governments in buckwheat-producing provinces also issued rele-
vant policies related to buckwheat R&D. In 2014, the government of Liangshan
Prefecture of Sichuan Province promulgated the “Suggestions to Promote the
Development of Tartary Buckwheat Industry;” In Guizhou Province, buckwheat
was regarded as a green agricultural product in its “Green Agricultural Products
Project Work Plan (2017-2020).” In 2019, the government of Shanxi Province
formulated the “Suggestions on Accelerating the Development of the Whole
Industrial Chain of Miscellaneous Cereals” including buckwheat as one of the
eight miscellaneous crops prioritized.

Gaps and opportunities for promoting buckwheat

Rich biodiversity needs more efforts for conservation
and identification

Due to the extension of high-yield crops such as corn and potato, the acreage of
buckwheat is unstable, and many local varieties are at risk of being lost. In addi-
tion, the identification and evaluation of buckwheat germplasm resources are not
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sufficient, and many social, ecological and economic values of buckwheat remain
unrevealed and underutilized.

The benefit of growing buckwheat needs to be improved
for increasing farmer’s incomes

Buckwheat yield-per-hectare is low, and generally is below than one ton per hec-
tare. There is a significant gap in productivity, specifically, a lower benefit from
growing buckwheat than that from other crops such as potato. Therefore, the
benefit of planting buckwheat has become the main concern of farmers and local
governments, and is also a key problem that needs to be solved through research
on improving yield and market value.

The nutritional and health value has huge potential
for marketing

The annual consumption of buckwheat in China is about 0.4 million tons, less
than a half kilogram per capita. As buckwheat is recognized as a nutritional and
healthy food, a diet centering on it has entered the public’s cookbooks. There-
fore, there is a huge potential for expanding the consumption of buckwheat in
nutritional and healthy diets in China.

Supporting policies are critical to the sustainable
development of buckwheat in China

Although the central and local governments have issued some support policies
for buckwheat R&D, there is still a big gap compared to those for staple crops,
including insufficient funds for research, weak in personnel capacity, lack of
seed subsidies and fewer opportunities to secure loans from state-owned banks.
Therefore, the sustainable development of buckwheat needs more favorable pol-
icies at the local and national levels.

Future action plans for buckwheat R&D

To strengthen the conservation and improvement
of buckwheat biodiversity

Efforts should be made to effectively evaluate and use buckwheat biodiversity for
food, nutrition and income generation. More landraces and improved varieties
should be made available for responding to consumer demand for nutritional
and healthy foods and managing climate risks under changing environments. To
achieve this objective, the following research activities should be undertaken:

e Strengthening integrated conservation of buckwheat biodiversity through link-
ing ex situ collections in genebank to in sifu conservation in the wild and field.
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*  Evaluating and identifying buckwheat biodiversity for useful traits with in-
tegrated morphological and molecular approaches.

*  Using local buckwheat biodiversity to improve yield and nutrition quality
for new varieties and meet the needs of farmers, processers and consumers
through integrated modern and participatory breeding methods.

To promote farming practices for advancing productive
benefits from buckwheat for farmers

Planting mode and farming practices are critical for productivity and qual-
ity in buckwheat production. Strengthening the research on cultivation
technology of buckwheat will contribute to increasing the yield potential,
highlighting its nutritional characteristics and improving benefits from plant-
ing buckwheat. To achieve this, the following research activities should be
strengthened:

*  Promoting green production of buckwheat with low inputs to maintain the
nutritional and health value.

*  Promoting multiple cropping with buckwheat, by filling seasonal gaps to
increase the efficiency of land use as well as farmers’ incomes.

* Advancing the mechanization for planting and harvesting to address labor
shortage issues.

To strengthen processing and the value-chain of
nutritional and healthy diets

Processing and marketing is an important part of the buckwheat value-chain
and an effective way to realize the nutritional value of the crop. Only by mak-
ing buckwheat popular with the masses, will consumers realize its nutritional
and health value. To achieve this, the following research activities should be
strengthened:

e Promoting the value-chain of buckwheat by linking farmers to processors,
traders and consumers.

*  Understanding and being aware of the nutritional and health value of buck-
wheat diets.

*  Promoting communication to change consumer behavior for dietary
diversity.

To enhance the external environment for buckwheat R&D

The external environment of buckwheat R&D includes relevant supporting
policies and research programmes. Through strengthening the partnership
with research institutions, enterprises and farmers to understand their need
for support the relevant policy suggestions should be put forward to relevant
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government departments. To achieve this objective, the following policies must
be promoted:

*  Subsidizing buckwheat seed production and distribution.

*  Financial support to support buckwheat activities, including funds for re-
search, loans for businesses and small loans for farmers.

*  Enhancing national action in mainstreaming buckwheat for nutritious and
healthy diets.

Summary

Buckwheat is an underutilized crop, mainly used for food, feed and medical raw
materials. Buckwheat biodiversity is the material basis for its improvement and
options for farmers to improve their livelihoods. With the support of relevant na-
tional programmes and international collaboration, great progress has been made
in buckwheat research on biodiversity conservation, variety improvement, pro-
duction practice and food processing and marketing. The gaps and opportunities
for further development of buckwheat have been identified in this chapter, and
key action plans were put forward to promote the conservation of biodiversity for
variety improvement, farming practices for high productivity, the value-chain
for income generation and relevant policies for the revival and sustainable devel-
opment of the buckwheat industry.
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Introduction

Mexico is a megadiverse country, harbouring at least 23,314 species of vascular
plants, around half of which are endemic (Villasefior, 2016) and distributed in
ecosystems ranging from arid to wet and tropical to temperate types (Sarukhin
et al., 2009). This high biodiversity is complemented by considerable cultural
richness, encompassing 62 ethnic groups speaking 290 languages and over 360
linguistic variants (Eberhard, 2020), making Mexico among the top-ten coun-
tries for linguistic diversity and cultural richness (Sarukhan et al., 2009; Casas
et al., 2016a) and home to one of the most important biocultural legacies of the
world (Sarukhan et al., 2009).

Such tremendous biocultural diversity has resulted in more than 9,000 plants
with known uses (Casas et al., 2016a), including 2,168 documented as edible
(Mapes and Basurto, 2016). From prehistoric times, southern Mexico together
with Central America has been a centre of origin of plant domestication (Harlan,
1971; MacNeish, 1992; Vavilov et al., 1992), including for many current main
crops, such as maize (Zea mays), beans (Phaseolus vulgaris, P. coccineus, P. acutifolius),
pumpkins (Cucurbita argyrosperma, C. pepo), and chilies (Capsicum annuum). These
crops contributed to shaping the agricultural system known as ‘milpa’ — meaning
cultivated field in Nahuatl — which gave origin to and sustained Mesoamerican
cultures (Moreno-Calles et al., 2010).

In Mexico, there are nearly 200 native species of plants bearing clear signs of
domestication. Moreover, nearly 1,200 species are under some form of manage-
ment, such as let standing and planting enhancement, or special care dedicated
to desirable plants. Such interventions may affect vegetation composition and
promote particular ‘types’ (phenotypes of some species with favourable traits)
and incipient domestication processes (Casas et al., 2007, 2016b).
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Within the edible plants basket, plentiful are the neglected and underuti-
lized species (NUS) relatively unknown outside Mesoamerica. These are of im-
portance locally for both food security and people’s livelihoods. Being highly
adapted to marginal environments, they contribute significantly to agroecosys-
tem resilience and are crucial in our efforts to fight food and nutritional insecu-
rity and help communities cope with pervasive climate change (Padulosi et al..
2011; Ulian et al., 2020). This chapter reviews NUS in Mexico, in relation to
the urgent need to secure their conservation and promote their sustainable use.

Overview of NUS in Mexico

From the great diversity of edible plants occurring in Mexico, it is possible to
cluster species in three main groups:

1 Traditional vegetables, such as the quelites (plural for ‘quilitl’ in Na-
huatl, meaning ‘greens’). These are herbs from several plant families, mainly
used as food, but also include some species of trees and shrubs with edible
flowers (Bye and Linares, 2016). Examples include Anoda cristata (alache),
Crotalaria pumila (chipil or chipilin), Amaranthus hybridus, A. hypochondriacus,
A. cruentus (quelites or amarantos), Dysphania ambrosioides (epazote), Cheno-
podium berlandieri (huauzontle), and Porophyllum ruderale subsp. macrocephalum
(papalo or papaloquelite) whose young leaves — and in some cases inflores-
cences or seeds — are used as food (leaves from this taxon and D. ambrosi-
oides are used as condiment as well as in anthelmintic treatments [Frei et al.,
1998]). Young leaves and flowers from trees, such as Leucaena spp. (in nahuatl
‘guaxquilitl’ meaning quelite de guaje) are eaten as vegetables (Bye and Linares,
2016). It is very common that quelites are gathered in the wild for family con-
sumption, grown in marginal cultivations, or sold in traditional and regional
markets (Bretting, 1982; Casas et al., 2007; Blanckaert et al., 2012; Casas
et al., 2016a,b; Mapes and Basurto, 2016; Vibrans, 2016).

2 Edible flowers and/or fruits of agave and cacti. Since prehistoric
times, the leaves, flowers, and shortened stem (corm) of numerous Agave
species have been used for fibres, food, and beverages. Alcoholic drinks
such as pulque are at least 3,000 years old, while distilled beverages (mescal,
bacanora, sotol, and tequila) are more recent innovations. Some species have
been used also for medicinal and ceremonial purposes. Incipient or advanced
domestication has been documented only in few species (i.e., A. fourcroydes,
A. salmiana, A. americana, A. mapisaga, A. tequilana, A. angustifolia, A. hookerr)
(Figueredo-Urbina et al., 2017; Alvarez-Rios et al., 2020). Demographic
and genetic studies indicate that around 20 species (including A. marmorata,
A. potatorum, A. kerchovei, A. tequilana blue variety, A. inaequidens) are at
a high risk of extinction due to the degradation of their habitat, low ge-
netic variation and/or overexploitation (Colunga Garcia-Marin et al., 1996;
Figueredo-Urbina et al., 2017; Aguirre-Planter et al., 2020).
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Among the cacti, the Opuntia species have been used since prehistory.
This group of around 80 species and 200 local varieties native to Mexico
(Reyes-Aguero et al., 2005) are used as living fences, to enhance soil con-
servation and/or combat desertification. Its cladodes (modified stems called
nopales or nopalitos in Spanish) and fruits (grouped into two types, tunas —
sweet —and xoconostles — sour) of about 10 species, are appreciated as sources
of food, forage, medicinal remedies, additives for cosmetics, and used for
feeding cochineal insects from which a carmin pigment is obtained (widely
used as colourant in the food and cosmetic industries). Artificial selection
(e.g., spineless cladodes), traditional management (Opuntia streptacantha), or
partial domestication (O. hyptiacantha) or full domestication (O. ficus-indica)
are known. Several food products, juices, and alcoholic beverages are com-
mercially produced from cladodes and fruits. For example, ‘colonche’ (also
referred to as coloche and nochoctli) is fermented from fruits of different cactus
species, including columnar cacti (Ojeda-Linares et al, 2020). More recently,
there has been an improvement of quality and safety, reduction of produc-
tion costs, and development of marketing strategies for products of Opuntia
(Iloldi-Rangel et al., 2012; Lopez-Palacios et al., 2012).

Several species of columnar cacti are used as food (e.g., Escontria chiotilla
[Jiotilla], Polaskia chende [chilmoxtli, chende o chinoa], P. chichipe, Myrtil-
locactus geometrizans [garambullo], M. schenckii [garambullo negro], Stenoce-
reus stellatus [pitaya de agosto] and S. pruinosus [pitaya de mayo]) (Casas and
Barbera, 2002; Casas et al., 2007, 2016b). These have great economic and
cultural importance in several regions of Mexico (including in the Tehuacan
Valley and the Balsas River Basin in the south-central region). The fruits of
wild-cultivated Cephalocereus tetetzo (tetecho) and Pachycereus weberi (cardon)
are highly appreciated by local people and are commonly left standing in
agroforestry systems.

3 Fruits of trees and shrubs. Mexico has at least 2,885 native tree species
(Tellez et al., 2020), many of which produce fruits that have been con-
sumed by native populations since pre-Hispanic times (Gonzilez and De-
1Amo, 2012). Four species of well-documented management practices and
domestication processes are Brosimum alicastrum (ramdn), Leucaena esculenta
(guaje), Sideroxylon palmeri (tempesquistle), and Ceiba aesculifolia ssp. brevifolia
(pochote) (Casas and Caballero, 1996; Gonzalez-Soberanis and Casas, 2004,
Avendano et al., 2006). Brosimum alicastrum is one dominant tree species that
grows in perennial and sub-deciduous tropical forests along both coasts of
Mexico. The fresh pulp of the fruit and the seeds are edible, while the leaves
provide good fodder for animals. Its seeds, roasted and ground, are used as
a coffee substitute and for preparing dark-coloured dough used for mak-
ing bread and tortillas. They are rich in carbohydrates and protein (12%
in dry weight), tryptophan (an amino acid poorly represented in maize),
and also contain calcium, phosphorus, iron, and vitamins A, B, and C. The
abundance of this tree in Mayan archaeological sites is an indication of its
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management and cultivation by this ethnic group (Mapes and Basurto 2016).
Leucaena esculenta [guaje] is mainly used as food by the Mixtec, Nahua, and
Tlapanec peoples in the state of Guerrero, as well as by the Popoloca peo-
ple in the Tehuacin Valley, Central Mexico. Its leaf buds, flowers, seeds,
and young pods are eaten, and local gatherers have ensured morphological
divergence between managed and unmanaged wild populations (Casas and
Caballero, 1996; Casas et al., 2007; Blancas et al., 2010). Sideroxylon palmeri
fruits are consumed in the Tehuacian Valley, where the species is widely
commercialised (Gonzalez-Soberanis and Casas, 2004). Flowers, roots, and
seeds of C. aesculifolia subsp. parvifolia are consumed by local people, while
stems and branches are used as firewood. Occasionally, the bark is used as a
medicinal remedy to cure kidney disorders and skin infections, as well as to
decrease blood sugar levels. In addition, locals protect individual trees and
can favour varieties with purple-reddish fruits (Avendano et al., 2006).

In Mesoamerica, the Sapotaceae is among the most important fruit tree fam-
ilies (Gonzilez and DelAmo, 2012). Manilkara zapota (zapote or chicozapote)
grows in tropical forests in southern Mexico, where its fruits are consumed
raw, used for making preserves or preparing sherbets and ice cream. At the
global level, this species is better known for its latex, which is used in the pro-
duction of the chewing gum. Pouteria campechiana (zapote amarillo, canistel),
whose fruits are consumed raw, also thrives in the tropical forests of Mexico
and is also commonly found in home gardens. Similarly, P. sapota (mamey),
also occurring in tropical forests, is much appreciated for its fruits, which are
consumed raw, or used in the preparation of sherbets, ice cream, and refresh-
ing beverages. Mix cropping of these trees with other species is known, e.g
citrus, ornamentals, and timber species, and they can be found in cocoa and
coffee plantations to provide shade. Chrysophyllum cainito (caimito or cayu-
mito) is a common tree of tropical forests with two variants of its fruit (purple
and yellow/green) which are edible (Mapes and Basurto, 2016). Finally, about
13 species of Pinus (pinos pinoneros) are valued for their edible nuts (the most
important being Pinus cembroides, P. nelsonii, P. maximartinezii and P. culmini-
cola). These are distributed mainly in northern Mexico, and their seeds, rich
in lipids and proteins, are collected from the wild and are used in desserts and
snacks, and marketed all over the country (Mapes and Basurto, 2016).

Conservation of NUS in Mexico

Traditional forms of plant management in Mexico range from the cultivation
and selection of plant varieties to different types of management in situ, and to
the gathering of plant products directly from the wild (Blancas et al., 2010).
The degree of artificial selection and divergence between managed and wild
populations is guided by farmers’ needs (Casas et al., 2007; Blancas et al., 2010)
and multiple approaches might be applied in the same field (Blancas et al., 2010;
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Moreno-Calles and Casas, 2010). When plants are cultivated, they are sown by
seeds or planted in agriculture fields or home gardens (Blanckaert et al., 2004).
Some useful plants (wild or weedy forms) that already grow there may be spared
by farmers and may be protected in various ways against herbivores, competi-
tors, cold spells, intense solar radiation, and drought (Blancas et al., 2010). Their
presence can be also increased through the dispersal of sexual or vegetative prop-
agules. Among those plants maintained through seed dispersal, there are many
quelites, such as A. hybridus, C. pumila, and A. cristata (Mapes and Basurto 2016).
In contrast, many species of columnar cacti, several Opuntia species, agaves, and
trees (e.g., L. esculenta and S. palmeri) are multiplied through vegetative propaga-
tion (Blancas et al., 2010). Nonetheless, many plant products are still extracted
directly from the wild, based on sound ecological understanding and following
sustainable practices, as recorded in the Guerrero Mountains, the Tehuacan Val-
ley (Casas et al., 2007; Blancas et al., 2010), and the Sierra Tarahumara of the
Chihuahua State (LaRochelle and Berkes, 2003).

Since February 2002, the Royal Botanic Gardens, Kew (RBG Kew), and the
Facultad de Estudios Superiores, [ztacala of the National Autonomous University
of Mexico (Fes-I UNAM) have been banking seeds of wild plant species, includ-
ing crop wild relatives from the arid and semiarid areas of Mexico (Leén-Lobos
et al.,, 2012). Seeds have been collected and deposited at Fes-1 UNAM, with
duplicates stored at RBG Kew’s Millennium Seed Bank (MSB), under an Access
and Benefit Sharing Agreement. This has been achieved in the framework of
the Millennium Seed Bank Project (now Partnership), which acts globally to
safeguard plant diversity, focusing in particular on plants most at risk and most
useful for the future of humankind (Liu et al., 2018). The partnership in Mexico
served as a catalyst also for two further projects, viz. “The MGU — Useful Plant
Project’ and the ‘Science-based conservation of tree species in Mexico’. Overall,
2,598 wild plant species (more than 10 % of the Mexican flora) have so far been
conserved ex situ as seeds in Mexico, with duplicates stored in the MSB. How-
ever, only 62 seed samples of 21 species from the most important groups of NUS
mentioned here have been safeguarded through seed banking, and it is hoped
that such a significant gap in the long-term conservation of NUS in Mexico can
be filled in the near future.

Needs, challenges, and opportunities

In situ and on-farm conservation realised by local communities in Mexico is an
important facet of integrated plant conservation (Blanckaert et al., 2004, 2007;
Rodriguez-Arévalo et al., 2017). Traditional management systems have been
recognised, in fact, to have higher capacity for conserving biodiversity and en-
suring the resilience of socioecological systems than industrial systems (Berkes
et al., 2000; Blancas et al., 2010; Chappell and LaValle, 2011).

Many NUS in Mexico do occur in a wide range of traditional agroecosystems,
such as milpa (corn-bean-squash field), chilar (chili pepper field), frijolar (bean field),



NUS in Mexico 123

and cafetal (coffee groves) (Mapes and Basurto, 2016), or are grown as crops in
forests and agroforestry systems (Moreno-Calles et al., 2013). These are crucial
places for the conservation of biodiversity and represent important reservoirs of
plant genetic diversity (Blanckaert et al., 2004; Larios et al., 2013).

Seed banking is highly complementary to these traditional management sys-
tems. However, seed conservation needs to be better targeted to adequately cap-
ture the great genetic diversity of NUS present in Mexico. More research on seed
germination requirements and dormancy is also needed to support large-scale
species propagation. Moreover, seed conservation is still highly challenging for
numerous species with recalcitrant, desiccation-sensitive seeds, therefore alter-
native conservation measures (e.g., cryopreservation of embryos and embryonic
axes) should also be deployed (Li and Pritchard, 2009; Wyse et al., 2018). In
addition, there is a need to promote the ‘cross pollination’ of ideas between agri-
culturalists focusing on major crops and farmers working on traditional forms of
management (Turner et al., 2011), if we are to really strengthen the development
of sustainable agriculture practices.

Although NUS are mainly collected for family consumption, some species
are exchanged among households (Arellanes et al., 2013; Blancas et al., 2013) or
are traded in markets (tianquiste), including those in big cities (Arellanes et al.,
2013; Farfan-Heredia et al., 2018). Local and regional media, schools, NGOs,
social organisations, and some governmental institutions promote the conserva-
tion and sustainable use of native plant resources and their associated traditional
knowledge. However, greater mainstreaming and inclusion of NUS in policy
and legal frameworks is much needed, as noted in “The National Report on the
Status of The Phyto-genetic Resources for Agriculture and Food Supply’ (Molina-
Moreno and Cérdova-Téllez, 2006). In this regard, the Mexican Commission
for the Knowledge and Use of Biodiversity (CONABIO), serves as an important
bridge between academia, governmental agencies, and other sectors of society,
by compiling and sharing knowledge on biological diversity, and promoting its
conservation and sustainable use." CONABIO now leads the project ‘Securing the
Future of Global Agriculture in the Face of Climate Change by Conserving the
Genetic Diversity of the Traditional Agro-ecosystems of Mexico,’ that seeks to
support agrobiodiversity conservation, sustainable use, and resilience,” in line with
the Nagoya Protocol of the Convention on Biological Diversity (https://www.
cbd.int/abs/). However, strong participatory-driven decision-making (Padulosi
et al., 2011; Noorani et al., 2015; FAO, 2019), economic incentives, and subsidies
(Padulost et al., 2019) are needed for such a process to be truly successful.
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NEGLECTED AND UNDERUTILIZED
SPECIES IN BRAZIL

From obscurity to non-conventional
edible plants

Nuno Rodrigo Madeira, Valdely Ferreira Kinupp
and Lidio Coradin

Introduction

Like other elements of nature such as minerals and fossil fuels, plant genetic re-
sources are not dispersed evenly around the globe, being found in greater abun-
dance in certain regions, especially in tropical countries (Shulman, 1986). The
process of evolution, adaptation and migration of human beings across the planet
and the exchange of germplasm was and continues to be decisive for the great va-
riety of grains, fruits, vegetables, roots and tubers available, even if the majority
of this diversity is still neglected and underutilized (NUS). During the period of
the world’s great navigations, between the fifteenth and seventeenth centuries,
there was a substantial exchange of species (Hue, 2008) and some acclimatized
on different continents, which became the basis of the world economy, result-
ing in strong global interdependence. Another important contingent of species,
native to each region, was slowly being replaced by exotic species that were
being introduced and, over time, these species stopped being used and fell into
relative obscurity, though pockets of this biodiversity have been maintained by
many different communities. Thus, thousands of native species have not received
their due attention or support from research, despite the fact that their eco-
nomic value and nutritional advantages have already been demonstrated in many
instances (Coradin et al., 2018). With the greatest biodiversity on the planet,
Brazil seeks, on the one hand, to increase the production of exotic commercial
species that form the basis of most mainstream agriculture and food production
in the country. On the other hand, also seeks to draw increasing attention to
the wealth of NUS, native or naturalized, which can become new cultivation
options, diversifying the agricultural and food portfolio, and bringing economic
and socio-environmental advantages while also addressing many of the increas-
ing malnutrition, health and environmental concerns of the country.
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Many initiatives from different sectors of the federal and state governments,
non-governmental organizations and the private sector have emerged to expand
knowledge of NUS in the country. By valuing these species, which are more re-
silient and adaptable to adverse soil and climate conditions, thus requiring fewer
external inputs, people’s perception of their potential is increased and there is
now greater awareness of the opportunities and possibilities of using such a vast
diversity.

Historical context

Brazil presents a great variety of biomes and climates. Its geographical, environ-
mental, climatic and cultural diversity is reflected in its food diversity, one of
the greatest on the planet, as shown by the several sources of carbohydrates (rice,
beans, corn, wheat, cassava, potatoes, sweet potatoes, yams) and meats (cattle,
poultry, pigs, fish, goats and sheep) consumed.

When the Portuguese arrived in Brazil, in the year 1500, most Indigenous
Peoples (around 300 ethnic groups at the time, 180 nowadays) had a diet based on
cassava, sweet potatoes and corn, complemented by hunting and fishing. How-
ever, as hunters and gathers, there is also evidence of the use of many other spe-
cies (Lopes, 2017).

During the colonization process, intense cultural miscegenation took place,
with the introduction of exotic ingredients that joined those already present in
Brazilian territory. Cascudo (1983) concluded that Europeans introduced tech-
nique and sophistication in taste to existing Indigenous and African elements.
Madeira et al. (2008) mention the exchange of vegetables by the Portuguese, di-
rectly and intentionally but also indirectly, through the enslavement of Africans.

After the 1960s, with intense urbanization and globalization, there was a loss
of the reference of the home gardens production and a strong influence of mar-
ket power in food choices and in the strengthening of large supermarket chains,
driving dietary simplification and prioritizing species with structured production
chains, resulting in the reduced use of local species with subsequent social, eco-
nomic and environmental impacts (Brazil, 2013).

However, some NUS with significant cultural importance in certain regions
of Brazil continued to be used, mainly by local people (Brasil, 2015). Table 10.1
presents examples of these NUS, including assai, cupuagu, peach palm, Brazilian
nut, jambu and waterleaf in the north; buriti, babassu, uricuri, umbu, hibiscus
and yam in the northeast; Brazilian grape, pereskia, taro, arracacha, taioba and
Malabar spinach in the southeast; feijoa, pindo, horseradish, Brazilian pine and
mate in the south; and pequi, baru, Brazilian copal, cagaita and guariroba in the
mid-west (Coradin et al., 2018). Other species that were once part of daily life are
now largely forgotten, including arrowroot, mangarito, yam bean and sweetcorn
root (Table 10.1), in a process termed “food extinction” by Madeira and Botrel
(2019).
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In Brazil, there is some confusion regarding the use of the term “NUS” and
which species call under this terminology proposed by IPGRI (2002). Other
terminologies also used in Brazil are “traditional vegetables” (Madeira et al.,
2013), “unconventional vegetables” (Cardoso et al., 1998) and PANC — “non-
conventional edible plants” in Portuguese (Kinupp and Lorenzi, 2014), the last of
which is nowadays the most accepted term in Portuguese for NUS.

Kinupp and Lorenzi (2014) defined PANC as “unconventional and non-
ordinary plants that have one or more parts that can be used as food, or even
unconventional parts of conventional plants, as banana navel or papaya tree mar-
row.” Madeira and Kinupp (2016) add that PANC don’t have a structured pro-
duction chain. This term being very expressive and euphonic in Brazil (PANC
in Portuguese sounds exactly like “punk,” giving it a curious double meaning)
seeks to promote and disseminate the use of these plants that are still considered
unusual by the vast majority of the Brazilian population.

Initiatives for the conservation and promotion of NUS in Brazil

In Brazil, a considerable number of studies on individual species can be found,
but academic studies on the broader themes of NUS or PANC are rare or few in
number. The lack of studies regarding the cultivation and promotion of NUS use
is a real concern and requires special attention being given to further research, as
well as development that might stimulate their greater conservation, production
and consumption. In this context, a series of initiatives related to the promotion
of NUS use in Brazil have been developed and continue to be encouraged. One
classic work is the Dictionary of Useful Plants of Brazil and Cultivated Exotic Plants,
written by Pio Corréa and published by the Ministry of Agriculture between
1926 and 1978 in six volumes, with the collaboration of Penna for volumes 3—6,
and reissued in 1984. With the objective of promoting regional food culture,
Cardoso (1997) released the book Non-conventional vegetables from the Amazon,
emphasizing their full adaptability to high temperatures and humidity and low
soil fertility.

The sustainable use of the Brazilian genetic resources is limited to areas of
natural occurrence and involves complex activities, from bioprospecting and
research to the transformation, production and creation of new markets and
commercialization.

To tackle this issue, the Ministry of the Environment has developed, since
the 2000s, the “Plants for the Future” initiative, which aims to identify native
species that can be used for crop diversification to expand opportunities for in-
vestment by the private and public sectors and to reduce the vulnerability of the
agri-food system.

As biodiversity is used and valued, its conservation is enhanced and the num-
ber of species used is expanded, together with its contribution to climate change
adaptation. Through partnerships with governmental and non-governmental
institutions, the academic and business sectors and civil society, the initiative
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FIGURE 10.1 Plants for the Future books. Brasilia, 2020.

Source: Lidio Coradin (used with permission).

has been building strategies that also contribute to the rescue and valorization
of knowledge and flavors of traditional and regional Brazilian cuisine (Santiago
and Coradin, 2018).

More than 800 species have been prioritized in the five geopolitical regions
of Brazil. In each of these regions, the species were organized into different
groups of use: food, aromatic, medicinal, oilseed and ornamental, among others.
A richly illustrated and technically comprehensive book has been published for
each region (Figure 10.1). In 2011, the first book, Native species of Brazilian flora
with actual or potential economic value: Plants for the Future — South Region, was pub-
lished. In 2017, the book for the mid-west region was released; in 2018, the one
for the northeast region; and the books for the north and southeast regions are set
to be launched in 2021, concluding this series, which has involved the contribu-
tions of hundreds of experts.

These books collectively and for the first time present to the wider Brazilian
society quality information about the value of native biodiversity for health, food
security, wellbeing, employment opportunities and income generation — all of
which are key objectives of the Plants for the Future initiative. It’s the first effort
of this kind carried out in a megadiverse country. It also represents an important
step for the implementation, in Brazil, of the Aichi Biodiversity Targets of the
Convention on Biological Diversity (CBD), as well as of the Targets of the Global
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FIGURE 10.2 Biodiversity for Food and Nutrition project team visiting the tradi-

tional vegetable collection at Embrapa, highlighting Pereskia aculeata
crop. Brasilia, 2017.

Source: Lidio Coradin (used with permission).

Strategy for Plant Conservation (GSPC) and will no doubt be an important plat-
form for the country to enhance the conservation and use of NUS in the Con-
vention on Biological Diversity (CBD) post-2020 global biodiversity framework.

Furthermore, the partnership between Plants for the Future and the Biodi-
versity for Food and Nutrition project! has enabled greater collaborations with
different sectors of society, in addition to creating new opportunities for main-
streaming biodiversity into already existing federal initiatives related to food and
nutrition (Figure 10.2) (Hunter et al., 2020). This facilitated the capacity building
of many technicians and students and the publication of recipe book — Brazilian
Biodiversity: tastes and flavours. With 335 classic and contemporary recipes, the
book has revived traditional flavors and techniques, presenting new tastes and
textures (Santiago & Coradin, 2018). This partnership also facilitated the organ-
ization of a list of native Brazilian socio-biodiversity species of nutritional value
(Ordinance MMA/MDS n° 284/2018) to guide governmental actions, while
also creating incentives for family farmers who produce and commercialize these
species (Coradin et al., 2018).

In 2007, Kinupp defended his doctoral thesis on native plants known as bushes
and weeds in the urban area of Porto Alegre, Brazil, whose economic potential
was then little-known (Kinupp, 2007). He estimated the local floristic wealth
of 1,500 species, out of which 311 (21%) could be used for food, proving the
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undeniable potential of NUS for enriching the human diet. As of 2020, this
document had been accessed online more than 54,000 times.

Later, Kinupp and Lorenzi (2014) released the book Non-conventional Edible
Plants (PANC) in Brazil: identification guide, nutritional aspects and illustrated recipes,
which is a significant reference volume in Brazil about NUS. The book is richly

TABLE 10.1 Some NUS traditionally used in Brazil cited in this chapter

English common names — Portuguese common  Scientific names Family
names
‘Acai’ Acai Euterpe oleracea Arecaceae
‘Arracacha’ Mandioquinha Arracacia xanthorrhiza Apiaceae
Arrowroot Araruta Maranta arundinacea Marantaceae
‘Babagu’ Babacu Attalea speciosa Arecaceae
Barbados shrub, Ora-pro-nébis Pereskia aculeata Cactaceae
pereskia
‘Baru’ Baru Dipteryx alata Fabaceae
Brazilian copal Jatoba Hymenaea spp Fabaceae
Brazilian grape Jabuticaba Plinia spp. Myrtaceae
Brazilian nut Castanha-do-brasil Bertholletia excelsa Lecythidaceae
Brazilian pine Pinhio Araucaria angustifolia Araucariaceae
‘Buriti’ Buriti Mauritia flexuosa Arecaceae
‘Cagaita’ Cagaita Eugenia dysenterica Myrtaceae
‘Chaya’, spinach tree  Chaya Cnidoscolus aconitifolius Euphorbiaceae
‘Cupuagu’ Cupuacu Theobroma grandiflorum Malvaceae
‘Feijoa’ Goiaba-serrana, Acca sellowiana Myrtaceae
feijoa
‘Guariroba’ Gueroba, Syagrus oleracea Arecaceae
guariroba
Hibiscus Vinagreira, cuxa  Hibiscus sabdariffa Malvaceae
Horse radish Crem, raiz-forte Avrmoracia rusticana Brassicaceae
Jambu Jambu Acmella oleracea Asteraceae
Malabar spinach Bertalha Basella alba Basellaceae
‘Mangarito’ Mangarito Xanthosoma riedelianum Araceae
Mate Erva-mate Ilex paraguariensis Aquifoliaceae
‘Moringa’ Moringa Moringa ovalifolia Moringaceae
Peach palm Pupunha Bactris gasipaes Arecaceae
‘Pequi’ Pequi Caryocar brasiliense Caryocaraceae
Pindo, ‘butiad’ Butia Butia odorata Arecaceae
Purslane Beldroega Portulaca oleracea Portulacaceae
Sweet corn root Aria Goeppertia allouia Marantaceae
‘Taioba’ Taioba Xanthosoma taioba Araceae
Taro Inhame Colocasia esculenta Araceae
‘Umbu’ Umbu Spondias tuberosa Anacardiaceae
‘Uricuri’ Licuri, ouricuri Syagrus coronata Arecaceae
Waterleaf Cariru Talinum fruticosum Talinaceae
Yam Cara, inhame Dioscorea spp. Dioscoreaceae
Yam bean Jacatupé Pachyrhizus tuberosus Fabaceae
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illustrated (with 2,510 photos) and presents data on 351 species (205 of which
are native), including a brief botanical characterization, agronomic recommen-
dations and three culinary recipes for each species, totaling 1,053 recipes. This
book and the associated research that has arisen from it has led to considerable
advances in the promotion of NUS in Brazil. Through interaction with tradi-
tional and social media, this work has given fresh impetus to the topic and has
helped shine a light on some of the uses of NUS in daily life of Brazilian society,
especially for those in search of healthy diets.

Embrapa Vegetables, located in the Federal District, maintains an impor-
tant collection of traditional vegetables (Figure 10.3), with about 400 accessions
and 80 NUS. It is responsible for research focusing on the rescue of traditional
vegetables, of which many are native while others are considered “naturalized”
thanks to their full climatic adaptation. More recently, some NUS new to Brazil
that have traditionally been used in other countries, such as moringa and chaya
(Table 10.1), have been incorporated into the Embrapa collection due to their re-
silience and adaptability. This work began officially in 2006 and has been respon-
sible for building partnerships with different institutions working on traditional
vegetables, and for encouraging activities in different regions of the country.
These vegetables were once maintained by farmers, which is why the term “tra-
ditional vegetables” is used to refer to them. Besides the maintenance of the col-
lection and conservation of the species, the studies encourage the cultivation and
consumption of these vegetables, improving production systems, diversifying
production and increasing the income of family farmers (Madeira et al., 2013).

FIGURE 10.3 Traditional vegetable collection, all NUS, at Embrapa Vegetables.
Brasilia, 2017.

Source: Lidio Coradin (used with permission).
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In a partnership between Embrapa, the Ministry of Agriculture, Livestock
and Supply, and the Technical Assistance and Rural Extension Agency of Minas
Gerais State, including family farmers’ organizations, the cultivation and con-
sumption of traditional vegetables was encouraged in Minas Gerais through the
establishment of community seed-banks, the organization of events (technical
lectures, field days, culinary and agronomic workshops, etc.) and the publication
of booklets and books (Brasil, 2013; Pedrosa, 2013), benefiting more than 50
municipalities and 5,000 family farmers. Other important partners of this work
are the Agricultural Research Company of Minas Gerais, Vicosa Federal Uni-
versity and Lavras Federal University, all of which have established collections
of traditional vegetables and have carried out important research on the topic.
These actions were also expanded to the states of Sio Paulo and Santa Catarina,
through partnerships with research and rural extension state agencies (Castro
and Devide, 2013; Calegari and Matos Filho, 2017), also influencing the states of
Goias, Parania and Bahia.

Many NUS have recognized functional effects as nutraceuticals. Important
nutritional studies were carried out by the VP Functional Nutrition Center, ana-
lyzing the nutritional value of several NUS, showing that they contained high
levels of proteins, minerals and functional compounds (Paschoal et al., 2017).

The Ministry of Health, in partnership with several institutions, released Di-
etary Guidelines for the Brazilian Population (Brasil, 2014) with ten steps for estab-
lishing an adequate and healthy diet. They also published the book Brazilian
Regional Foods (Brasil, 2015) with 191 foods (123 NUS) emphasizing that healthy
eating involves, besides the choice of suitable foods, biodiversity conservation
and the recognition of cultural heritage.

The Slow Food organization has described 186 food communities in Brazil,
out of which 110 are food plant species and 98 are NUS (Slow Food Brasil, 2020).

Another important aspect of the promotion of NUS in Brazil is the organiza-
tion of technical and scientific events in the country. In 2007, in Porto Seguro,
Bahia, the 47 Brazilian Horticulture Congress prioritized the theme “Rescu-
ing and Valuing Underutilized Vegetables.” In 2018, Brazilian biomes and their
NUS were the themes of the 14" International Congress of Functional Nutrition
in Sdo Paulo.

In 2017, Embrapa Vegetables and its partners organized, in Brasilia, the 1
HortPANC — National Meeting for Non-conventional Vegetables, focused on
agriculture (Figure 10.4), but also promoting dialogue about nutrition and cook-
ing and linking producers with cooks and chefs. The second HortPANC was
held in Siao Paulo in 2018; the third in Curitiba, Parana State, in 2019; and the
fourth was postponed to 2021 in Salvador, Bahia State, due to the COVID-19
pandemic. It is important to highlight the growing number of researchers, and
related initiatives, in Brazil that are developing studies with NUS. Today more
than 1,000 researchers, professors and students use the acronym PANC in their
curriculums, as registered in the Brazilian National Research Council (CNPq)
platform.
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FIGURE 10.4 Field day highlighting non-conventional vegetables, all NUS, at
Embrapa Vegetables on the 1st HortPANC — National Meeting of
Non-conventional Vegetables. Brasilia, 2017.

Source: Nuno Rodrigo Madeira (used with permission).

Finally, it’s noteworthy that the interest of the population and the use of NUS
are growing in Brazil, which can be verified by the large number of social media
communities that are using the acronym PANC on platforms such as WhatsApp,
Facebook and Instagram. And, as a response to that, there is a growing number
of farmers and entrepreneurs investing in the production of NUS.

Final considerations

Actions to promote the valorization, production and the consumption of NUS,
which are part of Brazil’s socio-cultural heritage, are very important not only for
food security but also for food and nutritional sovereignty, since they contribute
to increasing diversity and richness in diets, in addition to promoting good eat-
ing habits that encompass cultural, economic and social aspects. Such actions also
bring to light more resilient species with a high capacity to mitigate the negative
effects of climate change.
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UNDERUTILIZED GENETIC RESOURCES
AND CROP DIVERSIFICATION IN
EUROPE

Ambrogio Costanzo

Introduction

Current European agriculture results from half a century of dramatic transfor-
mation, mostly driven by the Common Agricultural Policy, which, after being
launched in 1962, pursued food security and self-sufficiency through increased
productivity and farm restructuring at the expense of crop diversity. Despite pol-
icy shifts from a productivist to what Ward et al. (2008) call a post-productivist
paradigm in the 1970s and 1980s (mostly aiming at managing produce surplus,
and balancing agricultural production with environmental protection and rural
development), the picture of European cropland is today far from being biodi-
verse. The development of European agriculture has been characterised by high
concentration and specialisation, which led to a remarkable hegemony of a small
number of crops, both in cultivated areas and in breeding efforts. In fact, Europe
is no exception to the dominance of the “big three” crops in food systems — rice,
maize and wheat — that cover 40% of worldwide arable land and provide 55% of
humankind’s total caloric intake (Stamp et al. 2012).

Looking at the EU’s combinable crops area — the sector where biodiversity loss
is most severe (Stamp et al., 2012), and which this chapter mostly focuses on —
there is a striking dominance of cereal crops (82%), followed by a 16% of oilseed
crops and just 2% of protein crops. As of 2020, 64% of the total combinable area
is covered by just three species: common wheat, grain maize and barley. The
European common catalogue of plant varieties shows a similar picture: only two
species (common wheat and maize) have more than 2,000 registered varieties,
and three (barley, oilseed rape and sunflower) have more than 1,000, whereas
all protein grain crops comprise 633 varieties, of which 411 for just one species
(Pisum sativum). Both the area partitioning and the number of registered varieties
show the remarkable dominance of major cereal (common wheat, maize) and
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oilseed (sunflower, oilseed rape) crops, and the alarming trend of disappearing
grain legumes (Zander et al., 2016) in the agricultural as well as in the research
and development landscape. It is against this extremely hegemonic landscape
that the diversification of the seed and crops basket should be framed, as part of
an overall transition towards more sustainable agricultural system (Chable et al.,
2020).

What are underutilized crops in the European context?

With awareness that long-term stable and sustainable development through lo-
cally adapted agricultural systems will depend on increasing crop biodiversity,
the EU H2020 Framework Programme (2014-2020) targeted, under the Societal
Challenges 2 “Food security, sustainable agriculture and forestry”, the rediscov-
ery and valorisation of underutilized genetic resources for food and agriculture.
As part of this effort, the project “Embedding crop diversity and networking for
local high-quality food systems — DIVERSIFOOD (2014-2019)” has explored a
wide range of species, both major and those actually neglected and underutilized,
and the potential of diversification in the context of communities of users. This
project aimed to go beyond mere conservation of diversity, emphasising innova-
tion and appreciating these genetic resources as a key asset to restore agricultural
diversity. In a continuous debate over the meaning of “orphan”, “neglected”,
“underutilized” and “alternative” crops, the DIVERSIFOOD project formu-
lated a working definition according to which an underutilized crop is classified
as “a plant genetic resource with limited current use and potential to improve
and diversify cropping systems and supply chains in a given context”. According
to this conceptualisation, underutilized crops are not to be looked at in isolation.
On the contrary, the focus needs to shift from the plants to the processes of their
(re)introduction as related to agricultural diversification in specific contexts. In
the European context, at least three interconnected processes are worth explor-
ing to purse this goal: (i) shifting cultivation areas; (ii) reintroducing “minor”
species and (iii) diversifying the genetic structure of major and minor species.

Shifting cultivation areas

Shifts in cultivation areas of cultivated plant are a process that has character-
ised human history for millennia. As demonstrated by Vavilov (1935), cultivated
plants were domesticated in relatively small foci, the “centres of origin”, from
which their cultivation expanded into larger areas. In several instances, species
have crossed geographical barriers, like the acquisition of a huge variety of spe-
cies in Europe following the colonisation of the Americas, sometimes generating
turther diversification centres far from the centre of origin, like for maize in Eu-
rope (Thenaillot and Charcosset, 2011). Shifting cultivation areas is a continuous
process and is still ongoing (Khoury et al., 2016).
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A first notable trend is that some species start to be cultivated commercially
in a region whose climate is not too dissimilar from their home region, as e.g.,
for quinoa (Chenopodium quinoa Wild.). This annual species, a staple food for
Andean Amerindian people going back millennia, is currently cultivated in 95
countries worldwide, notably in Europe, as a result of significant research efforts
in the 1990s (Bazile et al., 2016). Quinoa is possibly a “model species” of un-
derutilized crop, for its success as well as for the problematic implications of such
a success. The renaissance of its demand and production was due to the discovery
of its interesting nutritional properties (Repo-Carrasco et al., 2003) as well as
to its high level of genetic diversity, which facilitates its adaptation (Ruiz et al.,
2014). However, the sudden explosion in interest in this species has also roused
non-negligible and still unsolved concerns of equity and fairness regarding the
exploitation of the value added to its genetics by generations of Andean farmers
(Chevarria-Lazo et al., 2015).

A second trend is plants following human migrations: “exotic” crops intro-
duced on a non-commercial basis, grown for family consumption as part of
growers’ cultural heritage, and that are rarely surveyed or subjected to formal
documentation and conservation. A notable example is the “Sowing New Seeds”
work conducted in the early 2010s on the plants cultivated by overseas immi-
grants in their allotments in the English Midlands, which highlighted the po-
tential of non-professional cultivation and selection of exotic species for more
general resilience and the diversification of agriculture (Kell et al., 2013).

A third trend is expanding cultivation areas following, or anticipating, changes
in climate. A remarkable example is the northwards expansion of field crops in
northern Europe, due to milder winters and potentially longer growing seasons,
and the subsequent opportunities (Peltonen-Sainio et al., 2009) as well as chal-
lenges of pests and diseases expansion (Hakala et al., 2011).

Rediscovering “forgotten” species

During the process of the modernisation and standardisation of European ag-
riculture, which led to massive concentration on a few species, a large number
of species has been abandoned. This is true both in dominant and currently
shrinking sectors, like cereals and protein crops, respectively. In cereals, among
the most widespread and most intensively bred crops in Europe is wheat, mostly
common wheat (Triticum aestivum) with a small fraction of durum wheat (Triticum
durum) in Mediterranean regions. However, the genus Triticum comprises many
species that were once more widely cultivated but that are now relegated to the
status of “minor cereals” and cultivated in limited amounts, often in marginal
areas. The hulled wheats are typical examples of this: the hexaploid spelt (Triticum
spelta), the tetraploid emmer (Triticum dicoccon) and the diploid einkorn (Triticum
monococcum), in order of decreasing acreage, have seen increasing market interest
due to their nutritional properties as well as to their rusticity and adaptation
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to stressful environments (Cubadda and Marconi, 2002; Zaharieva et al., 2010;
Zaharieva and Monneveux, 2014).

Amongst Triticum species, of particular interest is Triticum turgidum L., known
as “Rivet wheat” in the British Isles or “Poulard wheat” in France. It is a close
relative of durum wheat, particularly common in mountainous areas and At-
lantic climates, the object of some breeding efforts in England during the 1930s
(Zeven et al., 1990), but then abandoned and nowadays virtually non-existent.
The European Search Catalogue for Plant Genetic Resources (EURISCO) data-
base® records more than 14,000 accessions of T, turgidum conserved in European
genebanks, 38% of which are in Italy. A large representation of these accessions
was tested during the DIVERSIFOOD project, highlighting a great variability
in physical properties of the grain, which makes it a good candidate for both
bread- and pasta-making, also in regions (like north-western France, the Neth-
erlands and the United Kingdom) that are not suitable for durum wheat (Chable,
2018; Costanzo et al., 2019).

Diversifying the genetic structure of major and minor species

The shrinking number of species is only part of the loss of diversity resulting
in modern European agriculture. In fact, for many crops — notably the most
widespread and those with the largest number of registered varieties — crop phe-
notypic diversity is drastically reduced to extremely homogeneous crop types,
such as pure line varieties (e.g., wheat and barley) and F1-bybrids (e.g., maize),
to the detriment of historic varieties, landraces and genetically diverse popula-
tions. Increasing genetic and phenotypic diversity within species is, however, a
key process to enhance sustainability and resilience through functional diversity
(Newton et al., 2009) and a key priority in “neglected” as well as mainstream
species. For instance, whilst testing einkorn entries in view of exploring their
potential for UK organic farming, a striking yield advantage of landraces over
a modern, dwarf commercial einkorn variety (Costanzo et al., 2019) was a re-
minder that the reintroduction of forgotten species cannot be separated from a
rethinking of the relationships between breeding and target cropping systems. In
fact, marginal environments, with low input use and high exposure to climatic
extremes, need, and can be added value by, more resilient/rustic phenotypes for
both minor (like einkorn) and major crops (like wheat and barley). However, di-
versification of the genetic structure of crops goes well beyond the “rediscovery
of the old”, towards the development of decentralised, evolutionary (Phillips and
Wolfe, 2005) and participatory breeding methods, that have extensively been
applied in wheat (Van Frank et al., 2020), showing clear advantages in terms of
performance, robustness and stability (Goldringer et al., 2020).

It is important to point out that, whilst the rediscovery of forgotten spe-
cies mainly faces practical and economic constraints, genetic diversification
within species encounters further obstacles in the legislative structure developed
by and for mainstream agriculture, such as the UPOV (International Union
for the Protection Of New Varieties of Plants) convention and national and
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international seed legislation (European catalogue and seed certification for seed
marketing). In fact, the official conditions for cereal seed certification, namely
the “sufficient identity and varietal purity” (Art. 1, 66/402/EEC of 1966), effec-
tively ruled out any marketing of cereal seed that was not distinct, uniform and
stable in appearance, until a “temporary experiment”, under the Commission
Implementing Decision 2014/150/EU, allowed the marketing of “populations”
of wheat, oats, barley and maize, under quantitative restrictions. The legality
of genetically heterogeneous seeds and of genetic structures not covered by the
above “temporary experiment” is currently under discussion in the context of
the Revised Organic Regulation that will come into force in 2021 (Costanzo
and Bickler, 2019).

Where are underutilized genetic resources and
how to assess them

In the DIVERSIFOOD project, nine species have been tested with hundreds of
accessions in 33 different trials across Europe. Seeds have been sourced from a va-
riety of both informal and formal, ex sifu and in situ collections, and evaluated in
participatory experiments with multi-actor communities of researchers, farmers
and potential users. Four main outcomes have been noted:

*  Certain traits that during modern breeding had been lost have reappeared,
including undesirable traits that might have played a role in the abandon-
ment of certain species or phenotypes, like the brittle rachis in einkorn that
can generate huge grain losses, or the extreme straw height of certain winter
cereals like rivet wheat, which creates problems of lodging. Moreover, many
genetic resources show considerable within-crop phenotypic heterogeneity,
either linked to their genetic structure, them being landraces or resulting
from intentional or even accidental mixtures occurred during in situ infor-
mal conservation.

*  Agroecosystem performance of the same genetic resource can vary greatly
depending on where it is grown and must, therefore, be looked at on a very
local scale. As obvious as it might seem, this reinforces the importance of
deploying and testing genetic resources in multiple farms rather than on
research stations, to identify the potential for local adaptation.

e The yield of “underutilized genetic resources” can be a serious limiting fac-
tor, as the tested material can be either low-yielding or difficult to harvest,
but, in many cases, can be a relief for marginal conditions. Species such as
einkorn, emmer or rivet wheat can thrive where their commonly grown
closest relatives (e.g., durum or bread wheat) are not a viable option. This
is one of the key benefits expected from underutilized crops: they can be a
valuable resource for more marginal land.

* A diversity of crops triggers a diversity of products that, in turn, need adap-
tation in both processing and the methods and concepts used to assess their
quality. Grains from minor cereals are not necessarily suited to industrial
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milling but provide an opportunity for artisanal millers and bakers, whose
processing methods are more flexible and adaptable to the raw material, to
add value to highly nutritious grains.

A series of booklets covering practical aspects of research, farming, marketing
and policy around increasing crops diversity on the farm and in the supply chain
has been produced by the DIVERSIFOOD project, including a guide to partic-
ipatory experiments on underutilized genetic resources (Costanzo and Serpolay,
2019) and case studies of the marketing of products from newly bred lines and
underutilized crops (Padel et al., 2018).

Conclusion

European agriculture faces the urgent need to diversify its crop basket, to
overcome the dominance of a very limited number of crops and the related
socio-technical lock-ins that prevent easy diversification (Meynard et al., 2018).
Neglected and underutilized crops have a huge strategic importance in the tran-
sition towards more sustainable agricultural systems. However, diversification is
a complex process, not limited to the (re)introduction of a few species, but en-
compassing all aspects of cropping systems’ design, connection between genetic
resource conservation and use, more inclusive breeding systems and stronger
connections between producers and consumers.

Notes

1 https://ec.europa.cu/eurostat/web/agriculture/data/database

2 https://ec.europa.eu/food/plant/plant_propagation_material/plant_variety_
catalogues_databases/search/public/index.cfm

3 https://eurisco.ipk-gatersleben.de/apex/f?p=103:30:9540465718747, retrieved 28
June 2020
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NEGLECTED AND UNDERUTILIZED
SPECIES AND INDIGENOUS
FOODWAYS OF OCEANIA

Danny Hunter, Nick Roskruge, Simon Apang Semese,
Philip Clarke and Gerry Turpin

Introduction

Oceania represents a considerable array of agro-ecosystems comprising an equal
diversity of wild and cultivated plant species that, at one time or another, have
been used for food and other purposes. This diversity of crops and trees has
played an important role in the lives and development of populations throughout
the islands that comprise Oceania. However, today only a small fraction of this
diversity is regularly used or found in markets and value-chains. Bringing back
these foods to the tables of consumers will play a strategic role in supporting
local production systems in adapting to pervasive climate change, and will also
help re-establish healthy food habits to tackle a growing public-health nutrition
problem and safeguard cultural identity. For the purpose of this chapter, we de-
fine Oceania broadly as to include the islands of the Pacific, including Melanesia,
Polynesia and Micronesia, as well as New Zealand and Australia. Communities
in Oceania have historically created an enduring relationship with the landscape
and its compliment of flora and fauna. With 60,000 years of settlement, Indig-
enous Australians have developed an intimate relationship with and knowledge
of a diverse range of ecosystems (Mulvaney and Golson, 1971; Clarke, 2003a).
Today, this reliance on traditional foods is still evident in some communities,
such as those in Arnhem Land, Cape York and the Torres Strait, where hunting,
gathering and fishing supplement significantly modern store-bought diets. But
in most instances these communities have been disconnected from their tradi-
tional foods and food systems. Around 30,000 years ago, people started to move
into the western part of the Pacific, including Papua New Guinea (PNG), the
Solomon Islands and northern Australia, taking with them their traditional foods
such as taro, yams, banana, coconut, breadfruit pandanus, sago and arrowroot,
before moving further east into the more scattered islands of the Pacific Ocean
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(Denham, 2008; Denham et al., 2009a, 2009b; Haden, 2009). Pacific Islanders
have developed farming and food systems that have exploited a unique range of
ecosystems in high and low islands throughout the region and which employ
a diversity of plant and animal species. Many of these crops, such as taro, have
adapted to range of agro-ecologies, resulting in hundreds of unique cultivars
(Iosefa et al., 2013). Significant and unique genetic diversity exists in many other
traditional Pacific Island crops, and this is true also for nutritional diversity (Eng-
Iberger et al., 2009). A thousand years ago, the indigenous Maori, on settling
Aotearoa-New Zealand from the more tropical Pacific Islands, had to adapt their
horticultural practices to a new environment of unpredictable and limiting cli-
mate with extremes from sub-tropical features in the north to sub-Antarctic in
the south, thereby shaping a lifestyle that was based on a subsistence approach,
including both cultivated and uncultivated plants and the seasonal harvesting of
birds and fish.

While this chapter can only provide a very general and brief survey of NUS
from Oceania, it also looks at those factors that have undermined traditional food
systems and diversity, particularly colonisation and globalisation, and the impacts
this has had on food systems, diets and nutrition. The chapter highlights recent
efforts to promote and reinvigorate traditional food systems and NUS, and high-
lights the challenges and opportunities for their promotion.

Dietary and lifestyle change, loss of food
diversity and human health

The nutrition transition — the process by which development, globalisation,
urbanisation, poverty and subsequent changes in lifestyle have led to excessive
calorific intake, poor-quality diets and low physical activity — is particularly
prevalent among communities of Indigenous People in Australia, New Zealand
and the Pacific. This has been exacerbated by inappropriate development, health,
food and trade policies that support imports of less healthy foods, as in the case
of the Pacific, or the availability of culturally inappropriate and nutritionally
poor foods in remote stores, as in Australia (Lee et al., 2009; Brimblecombe et
al., 2013). Urbanisation and lifestyle changes, including in eating habits, also se-
riously threaten the very existence of many traditional food crops. An alarming
dietary shift from traditional foods and healthy diets towards the consumption
of poor-quality processed foods and diets has taken place, which has led to the
dramatic emergence of obesity and associated chronic diseases, especially among
Indigenous compared to non-Indigenous groups. In addition to over-nutrition
and obesity, there are problems of deficiency of vital micronutrients (hidden
hunger) among communities of Indigenous People in Oceania, which can — in
extreme situations — contribute to early death or to impaired physical and intel-
lectual development, especially of children. For example, the Federated States of
Micronesia (FSM), recently ranked among the most obese countries in the world,
is also a country where pockets of Vitamin A deficiency (VAD) are among the
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highest in the world (Englberger et al., 2003, 2011). Studies of Indigenous peo-
ples’ diets in Australia, New Zealand and the Pacific consistently report low in-
take of fruit and vegetables; high intake of soft drinks, refined cereals and sugars;
excessive sodium intake and limited availability of several key micronutrients.
This is contributing to a rapidly growing health burden, including both physical
and psychological illnesses, as countries try to deal with the associated healthcare
costs, reduced productivity and shorter lifespans.

The great irony is that few of these health problems existed prior to European
contact, colonisation or development. Indigenous foodways contained a diversity
of animals, plants and trees that were nutritionally rich and that provided ample
levels of both macro- and micronutrients for a healthy diet. Englberger et al.
(2003, 2011) highlight reports from early visitors that suggest that island commu-
nities consumed a diversity of foods and appeared healthy. There was little evi-
dence of malnutrition, diabetes or hypertension before the 1940s, with VAD not
documented until 1998. Many of the traditional foods of these Indigenous food-
ways have now been marginalised or forgotten, and the traditional ecological
knowledge associated with them lost or threatened. Furthermore, inappropriate
policy and regulatory frameworks have, especially in the Pacific, increased de-
pendency on food imports through the promotion of culturally unsuitable foods,
which have resulted in changes in the pattern of agricultural production towards
cash- and export-oriented cropping, ignoring the potential of nutritionally rich
local foods (Englberger et al., 2003).

IndigenousfoodwaysofMaoriand Aboriginal Australiahavealso fared poorly,
been marginalised and been forgotten (Haden, 2009). Davy (2016) reports that
the much higher rate of illness and disease among Aboriginal populations in
Australia compared to non-Indigenous ones is directly related to food insecurity
and poor diet, including through pooreraccess to nutritious foods. Bussey (2013)
highlights that, prior to European contact, levels of diet-related illness among
Indigenous Australians were non-existent. National health surveys in New
Zealand consistentlyrevealthehighprevalence ofobesityandnon-communicable
diseases (i.e., cardiovascular disease, cancer and type 2 diabetes) among the
Maori — the indigenous people of Aotearoa-New Zealand. These trends have
been mostly attributed to sedentary lifestyles and poor dietary choices, as the
Maori move to urban areas and away from their lands and highly adapted
food production systems. With the shift to urban settings, much of the tradi-
tional knowledge surrounding the production, processing and storing of local
foods is being lost and agricultural/cultural systems are reportedly being fur-
ther threatened by biosecurity risks and corporate ownership (Roskruge, BFN
website!).

Increasingly there are calls to revitalise these Indigenous foodways and the
nutrient-rich foods they contain (Kuhnlein et al., 2009; FAO, 2021). The access,
availability and use of traditional foods have the potential to recover, improve
and safeguard food security, especially among remote Indigenous communities,
now and in the future, and, thus, demands further research (Bussey, 2013).
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Neglected and underutilized species of Oceania: a brief overview

A short chapter of this nature, dealing as it does with such a large geographic
area, prevents a comprehensive inventory or description of the neglected and
underutilized species (NUS) present in Oceania. Rather, what we aim for here
is a brief introduction highlighting some of the key NUS with most potential
for development and utilisation. For those interested in exploring the NUS of
Oceania in more detail we provide some important references.

Although the land area of the Pacific is small, it is recognised as a centre of
diversity and/or origin of a small number of crops, for example, taro (Coloca-
sia esculenta), which comprises thousands of distinct cultivars grown and eaten
throughout the region (Rao et al., 2010). In 2009, participants from 15 coun-
tries representing the three sub-regions of the Pacific (Melanesia, Micronesia and
Polynesia) came together for the first time to develop a regional priority list of
NUS/species groups, including a strategy for their conservation and sustainable
use, addressing: generation and collection of knowledge/research; communica-
tion and dissemination; policy advocacy, market development and partnerships;
capacity building and institutional strengthening (Taylor et al., 2009). Regional
priorities were clearly breadfruit (Artocarpus altilis), bananas (Musa spp.) of the
Fe’i group and/or Pacific plantain, Polynesian chestnut (Inocarpus fagifer), and tava
(Pometia pinnata). Other priority species included bele/aibika (Abelmoschus mani-
hot), pandanus (Pandanus tectoris), noni (Morinda citrifolia), football fruit (Pangium
edule), pitpit/duruka (Sacchurum edule), arrowroot (Tacca leontopetaloides), saijan/
drumstick (Moringa oleifera), Spondias dulcis, Diplazium esculentum, fig tree (Ficus
tinctoria), sago (Metroxylon sagu), aupa (Amaranthus spp.), fern (Diplazium spp.),
Malay apple (Syzygium malaccense) and mangrove (Bruguiera spp.). Some locally
important underutilized nut species were also identified, including Galip nut
(Canarium indicum) and nuts from Terminalia catappa, Barringtonia edulis and B.
procera. Some of the tree species mentioned here, and others with edible parts,
have also been prioritised and described in detail more recently by Thomson et
al. (2018). Much of this diversity remains under threat in the Pacific, as a result
of urbanisation and lifestyle changes, including changes in eating habits as well
as pests and diseases (Box 12.1).

Box 12.1 Highlands pitpit: a knowledge-rich, multifunc-
tional food crop in PNG

Highlands pitpit (Setaria palmifoliai) has been a crop of significant value in
terms of food, medicine, bride price ceremonies and other traditional uses
since ancestral days, matched with a diversity of varieties and traditional
names found across the Highlands region (Figure 12.1). For instance, the
Imbbonggu people of the Southern Highlands call it moi in the local Imb-
bonggu language, while it is known as wotani in the Gahuku language of the
Eastern Highlands. The different varieties of highlands pitpit are characterised
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by colour, leaf shape and other morphology. The local people believe that the
geographical location of the crop contributes to its attributes. For example,
the Imbbonggu District of the Southern Highlands Province has four main
varieties: Moi kapatumbe (sacred colourful variety); Moi arimoka (white stem
variety); Moi gene (green variety) and Moi leruku (purple stem variety). There
is also considerable nutritional diversity among the many varieties (Semese,
2018). Highlands pitpit is only eaten within Melanesian society, especially in
PNG. The inner thickened soft base of the plant is the main edible portion
and is cooked as a green vegetable or in a mixed meal with meat and other
vegetables. Cooking recipes differ per region and tribe. The most common
approach to cooking is the traditional mumu, a hermetic form of under-
ground cooking. In addition, highlands pitpit is used as stock-feed across the
region, especially for pigs, which have currency value in PNG. Many believe
the fibrous nature of the plant helps grind the pigs’ teeth and keeps them
healthy. It is also a good supplement food for pigs in times when other food
crops are limited in supply or during natural disasters such as drought due to
its potential to withstand drought periods. Today, introduced crops, urbani-
sation and climate change all contribute to the declining production and use
of highlands pitpit.

FIGURE 12.1 Highlands pitpit (Setaria palmifolia).

Source: Simon Apang Semese (used with permission).
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A number of horticultural plants have featured in traditional Maori society
in Aotearoa-New Zealand and most are underutilized today. They provide the
basis for a body of knowledge or mdtauranga aligned with traditional horticulture;
however, not all plants used by the Maori were cultivated (Best, 1976). There
was also the availability of food stores from ‘uncultivated’ plants such as aruhe
(fernroot, Preridium spp.) a range of seaweeds including kdarengo (parengo or sea
lettuce, Porphyra columbina) and berries or fruit of tree crops such as the hinau
(Elaeocarpus dentatus) and miro (Prumnopitys ferruginea), which were often located
near settlements and harvested in much the same way as cultivated plants were.
While these crops were considered uncultivated, they were no less managed to
ensure maximum production of the harvested plant parts, e.g., the timing of
harvest or minimising competition between plants for the best quality produce.
The primary cultivated crops included kifmara (sweet potato, Ipomoea batatas),
taro (Colocasis esculenta), the uwhi or yam (Dioscorea alata), various species of pithd
or rauriki (Sonchus spp., see Box 12.2), varieties of tii kouka (Cordyline australis and
related species) (Fankhauser, 1990) and kokihi (NZ spinach, Tetragonia tetragoni-
oides). Since colonisation, a number of other crops have been introduced in tra-
ditional gardens and are now considered traditional Maori foods. These include
kamokamo, a local selection of Cucurbita pepo, taewa or Mdori potatoes and kdnga
or Indian corn. Roskruge (2014, 2015) has worked with the national Maori

Box 12.2 ‘Ka katokato au i te rau pororua’, ‘'l am gathering
the bitter leaves of the sow-thistle’

Paha (also known as puwha, rauriki, kautara, tiotio or pororua) is a generic
term for the introduced leafy green plant commonly called sow-thistle (var-
ious plants of the Sonchus spp.) in other countries, which is now a favourite
utility plant for both the food and health needs of the Maori (Figure 12.2).
Traditionally not a cultivated crop by early Maori but harvested from the
wild, ptiha has previously been described as a culturally important plant to
the Maori (Taylor and Smith, 1997; Roskruge, 2013, 2015). The traditional
whakatauaki or proverb in the subheading above is recognition in itself of the
value of puha to Maori, which is now considered an uncultivated Indigenous
vegetable or food by most New Zealanders. The reliability of ptha as an avail-
able green vegetable plant throughout most of the year has perpetuated its
usefulness in the New Zealand diet. Coincidentally, the resurgent interest in
traditional crops such as ptiha has enhanced its potential to contribute to the
cultural and economic future of the Maori, including as a processed product,
similar to new and innovative spinach products that are frozen, canned and/or
mixed with other base products. Looking at the diversity of vegetable-based
products on supermarkets shelves, the opportunities seem endless: a good
example is pre-packaged liquid soups sold in a ready-to-heat pouch.
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FIGURE 12.2 Piiha (Sonchus oleraceus).

Source: Nick Roskruge (used with permission).

Historically, ptiha was only ever used as a fresh green vegetable, especially
in the spring and early summer, and was provided a relish for meals, pri-
marily fish. For the Maori, there are several ways in which piha is utilised in
the diet. Primarily, it is a basis for a meal that includes piha, meat, potatoes
and, sometimes, further relishes such as plain dumplings (colloquially termed
dough-buoys). Often substitute green vegetables such as kouka (Cordyline
spp.), kokihi (Tetragonia tetragonioides), tohetaka (native dandelion, Taraxa-
cum magellanicum), watercress (Nasturtium spp.), silverbeet (Beta vulgaris) or
cabbage (Brassica oleracea var. capitata) are used to replace the paha when it
is out of season or is in limited supply. A further use for paha is as a base for
toror or bottled/preserved piiha and mussels (Dixon, 2007). In this case, the
older, more stringent or bitter plants are often preferred. Penupenu is a mash
of vegetables generally prepared for infants or invalids. In this meal, the piha
forms the basis of a mix of vegetables usually including taewa (Maori pota-
toes) and kamokamo (Cucurbit spp.).
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horticultural collective Tahuri Whenua to highlight the diversity of the tradi-
tional Maori diet and this has contributed to a resurgence in the cultivation of
these foods.

With 60,000 years of continuous settlement of the land and an ongoing in-
timate relationship with and knowledge of many different ecosystems and the
possible array of plants and animals available therein, it is almost impossible to
comprehend the extent to which these would have been used for food. A com-
prehensive database of Australian Aboriginal food-plants (currently containing
about 1,400 — and rising — plant/fungi species, including 100 insect-based
foods) has been constructed in a project at the University of Adelaide, funded
by the Orana Foundation.” This inventory is based primarily on historical
sources but, by extension, the true number of edible plants used by Aborig-
inal foragers likely would have been greater when accounting for the many
species of Acacia etc. that were also probably utilised as food. A few writers
and researchers have written generally about some of the more common or
key plant-food species that have been used, including Tim Low in his two
books Wild Food Plants of Australia (1988) and Bush Tucker: Australia’s Wild Food
Harvest (1989) or, more recently, John Newton’s The Oldest Foods on Earth: A

FIGURE 12.3 Pandanus (Pandanus tectorius).
Source: Philip A. Clarke (used with permission).



NUS and indigenous foodways of Oceania 155

History of Australian Native Foods with Recipes (2016). Other researchers such as
Peter Latz have written in considerable detail about Indigenous plant use in a
specific geographical region, such as Bushfires and Bushtucker: Aboriginal Plant
Use in Central Australia (1995). There is a considerable literature on this topic
and the reader is guided to key publications by Clarke (2003a,b, 2007, 2018;
Jones and Clarke, 2018) for more information. The list of plant species used
for food alone runs in the thousands and covers environments ranging from
temperate to arid and tropic. Indigenous food sources include native fruits
like wild fig (Ficus platypoda), desert quandong (Santalum acuminatum), native
gooseberry (Cucumis melo), native plum (Santalum lanceolatum), bush banana
(Leichhardtia australia), finger lime (Citrus australasica), Kakadu plum (Terminalia
ferdinandiana), bush tomato (Solanum centrale), pandanus (Pandanus tectorius, Fig-
ure 12.3). They also comprise greens (various pigweeds [Portulaca spp.], wood
sorrels [Oxalis spp.]); wild seeds (including grasses, beans and nuts) such as
various Acacia spp., native millet (Panicum decompositum); woolybutt (Eragrostis
eriopoda), Oryza spp., wild sorghums, cycads (Cycas media), desert kurrajong
(Brachychiton gregorii), bunya nut (Araucaria bidwillii); roots and tubers (bush po-
tato (Ipomoea costata), nalgoo (Cyperus spp.) and murnong (Microseris lanceolata)
to highlight relatively few. It should also be mentioned, that many of these
heavily relied-on food sources are highly toxic and labour intensive to prepare,
which is a challenge when attempting to reintroduce them into contemporary
food pathways.

Safeguarding and promoting NUS in Oceania for sustainable
food systems and healthy diets

There are a number of past and ongoing initiatives to promote NUS in Oceania
such as bringing back traditional, forgotten foods through links to gastronomic
initiatives and chef alliances, food tourism, community-based initiatives to pro-
mote improved food security through healthier diets based on local foods and
efforts targeting schools and the youth.

Ongoing initiatives in New Zealand aimed at reviving traditional crops and
traditional food systems as well as exploring production systems, markets, Indig-
enous branding, education and research include those led by the National Maori
Horticultural Collective known as Tahuri Whenua, which has projects aligned
with food crops/plants including:

+  ‘Ahi kduka i te ata, he ai i te po — the value of kduka from a Maori lens* a
project looking at the traditional knowledge and use of the Tii Kouka/cab-
bage tree (Nga Pae o Maramatanga funded).

* E moe tonu ana te tohetaka, kaore ano i kohera — a project to identify and
document heritage food-plants (primarily introduced during colonisation);
Ministry of Business Innovation and Employment (New Zealand) (MBIE)
(Government) funded.
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*  Kaore te kumara e korero mo tona ake reka — a project to establish protocols
for a germplasm collection of traditional Maori foods; MBIE funded (Tahuri
Whenua/Massey University collaboration).

The Tahuri Whenua has also been active in reconnecting young Maori with
their traditional food heritage through school gardens (mara) and other school-
based activities (Roskruge, 2020).

In the Pacific, probably the most high-profile initiative to promote healthier
diets and better nutrition based on local NUS has been the ‘Let’s go Local’ ap-
proach (see Box 12.3), implemented in the FSM (Englberger, 2011; Englberger
and Johnson, 2013). A more recent similar example to leverage neglected and
underutilized food crops for improved nutrition in the Pacific is the Community
Food and Health project. Other efforts to promote the utilisation of neglected
and underutilized crops in the Pacific include initiatives to link local foods to
tourism, gastronomy and chef alliances, e.g., the Pacific Island Food Revolu-
tion,” and other market opportunities (CTA, 2017; Berno, 2020), as well as
through schools and school garden activities (Redfeather and Cole, 2020; Ming
Wei and Bikajle, 2020)

Box12.3 Let’s GoLocal: promoting nutritious, underutilized
crops in the Federated States of Micronesia

The FSM has recently witnessed significant dietary shifts and increasing de-
pendence on imported, often unhealthy, foods. Traditionally, these islands
have relied on sustainable agriculture practices producing nutritious staples
such as roots and tubers, breadfruit and banana for food security and nutri-
tion. Since the middle of the twentieth century onwards, however, less nu-
tritious, cheaper imported foods have dominated the food supply and have
contributed to the poor health of the population. VAD levels in this commu-
nity are among the highest in the world, as are levels of obesity and being
overweight, and non-communicable diseases like diabetes.

These problems occur despite a remarkable biodiversity of underutilized
nutritious foods available in the country. Pohnpei state alone has 133 varieties
of breadfruit, 55 bananas, 171 yams, 24 giant swamp taros, nine tapiocas and
many pandanus varieties documented. To address these health- and food-
system problems, efforts were started in 1998 to identify local plant foods
that could be promoted to alleviate the VAD problem. Local biodiversity ex-
perts highlighted the rare Karat and other yellow-fleshed banana varieties as
potential options. Subsequent nutrient compositional analyses demonstrated
that Karat, a variety traditionally given to infants as a weaning food, was rich
in beta-carotene, the most important of the provitamin A carotenoids, with
amounts much higher than those found in common white-fleshed bananas.
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Further studies also highlighted the many additional yellow-fleshed varieties
of banana, giant swamp taro, breadfruit and pandanus rich in beta-carotene
and other carotenoids, nutrients and fibre, which could be an important part
of food-based approaches to addressing nutritional problems in FSM.

Most of this work was led by the Island Food Community of Pohnpei
(IFCP), a national NGO working to promote the production, consumption
and marketing of local nutritious plant diversity through it’s ‘Let’s Go Local’
national campaign (Englberger, 2011).

A number of the earlier mentioned publications have raised awareness of the
importance of traditional foods in Australia, which have largely been neglected
and unexplored despite the multiple benefits they might bring. Bussey (2013)
stresses that the gaps in literature on the access, availability and use of traditional
foods should be examined further, as they have the potential to recover, improve
and safeguard food security in remote Aboriginal communities. While there is
increasing attention being paid to the importance of traditional foods and In-
digenous food systems in Australia — through school-based education (Dawe et
al., 2020), improving food security and nutrition in a more sustainable manner,
links to sustainable gastronomy initiatives (such as The Orana Foundation® and
Black Olive Catering7) and other niche markets for native foods, as well as other
livelihood and income-generating opportunities — there is still some way to go
in developing a suitable environment that enables and ensures that the benefits
arising from the sustainable use of traditional foods are accessible for Indigenous
communities, the long-time custodians of these genetic resources.

Notes

1 Cultivated foods of the Maori http://www.b4fn.org/case-studies/case-studies/
cultivated-foods-of-the-maori/

2 https://theoranafoundation.org/projects/indigenous-food-database/, accessed 2 July
2020.

3 Information about the Tahuri Whenua Incorporated Society can be found at https://
www.tahuriwhenua.org/and also on the BEN Project website http://www.b4fn.org/
case-studies/case-studies/cultivated-foods-of-the-maori/

4 Ahi kouka i te ata, he aii te po http://www.maramatanga.co.nz/project/ahi-kouka-i-
te-ata-he-ai-i-te-p-value-kouka-m-ori-lens

5 Pacific Island Food Revolution https://www.pacificislandfoodrevolution.com/

The Orana Foundation https://thefoundation.org/

7 Black Olive Catering http://www.blackolive.net.au/
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THE BFN MAINSTREAMING TOOLKIT.
A ROADMAP TO USING NEGLECTED
AND UNDERUTILIZED SPECIES FOR
FOOD SYSTEM CHANGE

Teresa Borelli, Daniela Beltrame, Victor W. Wasike,
Gamini Samarasinghe, Ayfer Tan and Danny Hunter

Introduction

2019 will be remembered as a landmark year for food and nutrition reports,
which have laid bare the nutritional and environmental disruptions our global
food system is causing (FAO, 2019; IPBES, 2019; IPCC, 2019; Willett et al.,
2019). In many of these and in preceding reports, the conservation and sustaina-
ble use of biodiversity for food and agriculture features as one critical pathway to
diversify diets, improve livelihoods and contribute to environmental outcomes
(Mouillé et al., 2010; FAO, 2015; Bioversity International, 2017; FAO, 2019).
Meanwhile, the impact of the COVID-19 pandemic in 2020 has exposed the
limitations of our food systems and has highlighted the importance of localising
food production and consumption as well as the need to re-evaluate local foods
including neglected and underutilized species (NUS) (HLPE, 2020).

Despite the existence of guiding principles to support countries in increasing
the use of biodiversity in the agriculture, climate change, food security and nu-
trition and other relevant sectors (FAO, 2016), their implementation constitutes a
challenge for many countries (FAO, 2017). Partly to blame are the limited exam-
ples of effective cross-sectoral collaboration and multi-disciplinary platforms to
make the case for investing in biodiversity for better food and nutrition (Hunter
et al., 2016). It is with these challenges in mind that, in 2018, the Biodiversity
for Food and Nutrition (BFN)! project sought to fill the existing information
gaps by putting together the Biodiversity Mainstreaming for Healthy & Sustainable
Food Systems Toolkit — a compendium of experiences and lessons learned, gained
by Brazil, Kenya, Sri Lanka and Turkey during project implementation (Fig-
ure 13.1). The BEN toolkit provides concrete examples that can help implement
these guidelines and provides a framework to support countries in transitioning
toward healthier, more sustainable diets as indicated by the recent WHO Guid-
ance on Mainstreaming Biodiversity (WHO, 2020).
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FIGURE 13.1 The Biodiversity Mainstreaming for Healthy & Sustainable Food Systems
Toolkit.

Source: Hunter et al., 2018. Used with permission.

How the toolkit was developed

Underpinning the BEN project is a comprehensive three-pillar approach for
mainstreaming biodiversity for better food and nutrition into policies and prac-
tices by: 1) Providing Evidence, 2) Influencing Policy and 3) Raising Awareness
(Figure 13.2). Originally conceptualised by the Leveraging Agriculture for Nu-
trition in South Asia research consortium in its effort to improve understanding
of how agriculture and food systems could be better designed to enhance nutri-
tion in the region (Hunter et al., 2016), the approach had never been tested on the
ground. With limited examples and literature to guide the countries at the onset
of the project, Brazil, Kenya, Sri Lanka and Turkey put the theory into practice
and took stock of the experiences gained (and challenges faced) during project
implementation to assist fellow practitioners wishing to replicate the approach.
In the final stages of the project, implementers from each country came together
during a writing workshop to lay the groundwork for the toolkit.

What the toolkit offers

The toolkit lays out the fundamentals of biodiversity mainstreaming, including
NUS, into sectoral policies and practices, including how to facilitate and align
activities to support achieving national targets linked to biodiversity conservation
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BIODIVERSITY CONSERVATION
AND SUSTAINABLE USE

Mainstreaming biodiversity for food and nutrition into national policies and actions

PROVIDE EVIDENCE INFLUENCE.POLICIES RAISE AWARENESS
Strengthen scientific evidence Integrate locally important Communicate the
of the importance of local biodiversity for food and multiple benefits of
food diversity, e.g. food agriculture into nutrition- biodiversity for food
composition data, traditional related policies, and nutrition to
knowledge and the benefits of programmes and action different audiences
using local plant and animal plans and increase their (e.g. producers and
species to improve diversity availability in production consumers).
and nutrition. systems and markets.

FIGURE 13.2 The three-pillar approach adopted by the BFN project to establish

enabling environments for mainstreaming biodiversity for food and
nutrition into local food systems, from production to consumption.
(Adapted from Borelli et al., 2020.) Used with permission.

and food and nutrition security. A practical set of steps and examples are clearly

outlined, chief among them are the need to:

11
111

v

vi

supply factual evidence that justifies NUS mainstreaming for the specific
purpose of improving food and nutrition

identify suitable entry points for effective implementation

establish a positive enabling environment and gain financial and institutional
support

increase market interest and capacity to produce NUS

develop awareness-raising campaigns

set up a monitoring and evaluation framework.

The approaches used to implement activities across the three pillars are not pre-

scriptive and are likely to vary depending on country context and the different

social, cultural or economic backgrounds. In implementing the BEN project, for

example, it was found that efforts to increase the appreciation of local NUS was
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easier in some countries and less so in others. Efforts to step up production and
consumption of the target species proved easier in Turkey and Sri Lanka than in
Kenya, a country where, under colonial rule, traditional crops were displaced by
European staples and which were, until recently, associated with backwardness,
poverty and/or famine (Raschke and Cheema, 2008).

Supplying evidence of the importance of NUS for food
and nutrition change

To reverse these perceptions, scientific evidence of the nutritional quality of
NUS is critical. The toolkit dwells on the methodologies that facilitate the gen-
eration of nutrition information to gain support for increasing the production
and consumption of NUS. Of chief importance is establishing effective research
partnerships, determining what information already exists and the country’s ca-
pacity to fill any research gaps, and identifying which species to prioritise for fur-
ther research and marketing. In Kenya, selecting the species for food composition
analysis was undertaken following a market survey and ensuing ranking exercise
carried out by the Kenya Agricultural and Livestock Research Organization in
close collaboration with local communities (Figure 13.3).

Similarly, in Brazil, partnerships established with federal universities and re-
search institutes helped build the nutritional profile of 64 native species (mostly
fruit and nuts) identified by the project (Figure 13.4) (Gee et al., 2020).

i3 L~ EN < e
ranthus s| _  Cleome gynandra

i

S
= 26

& il
Vigna unguiculata = Crotalaria ochroleuca Corchorus olitorius

FIGURE 13.3 Indigenous neglected and underutilized species that were targeted by
the BFN project in Kenya for food composition analysis. (Credit: BEN
Kenya.) Used with permission.
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FIGURE 13.4 Vitamin A content (expressed in mcg RAE per 100g of fresh raw pulp/
whole fruit, with or without peel) of the native Brazilian fruits pitanga
(Eugenia uniflora), tucuma (Astrocaryum aculeatum) and buriti (Mauritia
flexuosa); and vitamin C content (expressed in mg per 100g of fresh raw
pulp/whole fruit, with or without peel) of cagaita (Eugenia dysenterica),
mangaba (Hancornia speciosa) and camu camu (Myrciaria dubia) compared
to introduced non-native species. (Adapted from Hunter et al., 2019;
Borelli et al., 2020.) Used with permission.

Identifying partners and suitable entry points for NUS mainstreaming

Once data is available, time and resources should be made available to identify
and engage the most strategic and like-minded allies to achieve the intended
mainstreaming aims as well as to understand the policy landscape in which these
partners operate. Pre-existing multi-stakeholder policy platforms that deal with
food and nutrition security are an ideal starting point to garner policy support for
the greater use of NUS (Gee et al., 2020). However, platforms will often need
to be built from scratch. Considerable time can be spent in creating the enabling
environment needed for durable mainstreaming to occur and this should care-
fully be accounted for during the planning process (Gee et al., 2020). An entire
section in the toolkit outlines several fruitful strategies for targeting receptive
policies, such as the National Biodiversity Strategy and Action Plans (NBSAPs),
as well as agricultural and nutrition policies. It also highlights ideal partners to
engage. These can range from sectoral ministries to universities and research
organisations, as well as civil society actors such as community groups, non-
governmental organisations, Indigenous groups and professional associations that
have an interest in promoting NUS. However, non-conventional partners such
as schools and chefs can also help promote the use of these unfamiliar ingredients.
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In Brazil, for example, collaboration with prominent chefs and gastronomy pro-
tessionals helped raise the profile of identified NUS, which are now used, ele-
vated and transformed, in novel food recipes, some of which are captured in the
recipe book Brazilian Biodiversity: tastes and flavours (Santiago de Andrade Cardoso
and Coradin, 2018). Collaboration with the Ministry of Health and Education
has additionally helped integrate these species into the national school meals
programme, PNAE, which reaches 40 million students in 150,000 schools on a
daily basis (FNDE, 2020). Along with nutritional data, training was provided to
the 8,000 plus nutritionists who work with the schools to develop the children’s
weekly menus in line with national nutrition standards and guidelines, as well as
to the school cooks that translate these guidelines into meals. School cooks are
generally unaccustomed to transforming or incorporating NUS into flavourful
and healthy meals for children, but there is now strong recognition of the im-
portant role school ‘chefs’ can play in nutrition education and in teaching young
palates to appreciate native nutritious foods. Healthful school meals competi-
tions, such as the Melhores Receitas da Alimentagdo Escolar (best school meal recipes)
launched in Brazil in 2018-2019, can be a powerful way to acknowledge this
role and stimulate improvements and dialogue around safe and healthy eating in
schools.

How to increase the production, marketing and awareness of NUS

Long-term behavioural change and the acceptance of NUS in food systems and
diets requires coordinated action on both the supply and demand side of the food
value-chain as well as the public and private institutions working together to
develop and implement policies and strategies that support more sustainable and
diversified food systems centred on NUS. These actions include:

e Building the capacity of producers to incorporate NUS in their production
systems

*  Improving or creating market infrastructure for biodiversity

e Raising consumer awareness to increase demand for food biodiversity.

In the toolkit, one example from Kenya illustrates how business training and
technical assistance provided to small-scale farmers helped establish market link-
ages with schools and how this increased the sustainable production of African
indigenous vegetables and forgotten pulses such as bambara groundnut (Vigna
subterranea). Additional examples are provided in Module 2 of the BFN e-learning
course and in Hunter et al. (2019), Borelli et al. (2020) and Gee et al. (2020).
Naturally, where the aim is increased production of species that are collected or
managed in the wild, domestication programmes and/or sustainable collection
or management guidelines will need to be considered to avoid overexploitation
(Gee et al., 2020).
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The toolkit also demonstrates how to select NUS that are more suited for
marketing. Most likely biological, environmental, cultural, economic and nutri-
tional considerations, such as the presence of limiting nutrients, will come into
play. An interesting example is offered by the ad hoc sustainability index devel-
oped by Turkey to reduce an initial sample size of 43 species, mostly wild edibles,
to three target species — foxtail lily (Eremurus spectabilis), golden thistle (Scolymus
hispanicus) and einkorn wheat (Triticum monococcum) — which have since been the
object of domestication research as well as post-harvest handling and value-chain
analysis (Table 13.1).

Once the target species have been identified, new marketing options can be
explored that make it profitable for actors along the food value-chain — from
producers to consumers — to engage. Such is the case for the 28 NUS identified
by Sri Lanka. Jackfruit (Artocarpus heterophyllus), water lily (Nymphaea pubescens),
traditional cowpea (Vigna unguiculata), black gram (Vigna mungo) and horse gram
(Macrotyloma uniflorum) varieties, as well as traditional rice varieties, are among

TABLE 13.1 The sustainability index developed by BFN Turkey to prioritise a selected
number of crops for further marketing and use.

Environmental Economic Food & nutrition
1 Conservation 1 Collection/production 1 Iron content
e Exsitu, in situ/on farm * Collection/production 2 Calcium

constraints content
2 Cultivation * Distance from collection/ 3 Fibre ratio
production site
* Ease of production * Collection/production 4 Antioxidant
continuity ratio
e Growth rate 2 Market characteristics 5 Vitamin A
content
e High adaptability * Recognisable
*  Vegetation period * Easily packed
* Annual growth * Suitable for storage
3 Disappearance/threat 3 Processing industry
available
* Habitat destruction and 4 Marketing opportunities
fragmentation available for collected/
produced species
* Pollution/exploitation 5 Distance from market
(Km)

e Destructive practices
Widespread distribution

Habitat preferences
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the NUS currently on offer at Helabojun, 18 BFN-supported food outlets that
source their ingredients directly from local communities and which sell freshly
prepared local foods. The outlets also employ and empower rural women who
receive nutrition, food and business training from the Women Farmers Exten-
sion Program of the Department of Agriculture and can earn a reasonable wage
by working at the stores.

In terms of awareness-raising, the toolkit illustrates how practitioners can
make the most of ongoing activities in the country that revolve around gastron-
omy and ecotourism, such as the Alacati herb festival in Turkey, and national
and regional campaigns on healthy eating, to get the messaging across (Figure
13.5). It also discusses the benefits of engaging the health sector to target the
development and revision of national dietary guidelines or the advantages of en-
gaging the education sector to include the teaching of biodiversity for food and
nutrition in health and nutrition education in schools and vocational training
programmes.

‘v

??’i‘?

S

FIGURE 13.5 The different marketing strategies and awareness raising events that
have helped countries raise the profile of NUS. From top left to right:
Helabojun outlet, Sri Lanka (Credit: BEN Sri Lanka/NAICC, DoA);
BEN gastronomy event within the BFIN Symposium, Brazil (Credit:
Bioversity/S. Landersz); food stalls at the Alagat1 Herb Festival, Turkey
(Credit: Bioversity/S. Landersz); Food and Biodiversity Festival, Busia,
Kenya (Credit: BEN Kenya). Used with permission.
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Monitoring and evaluating the effective mainstreaming of NUS

Careful monitoring of increased use of NUS can help garner additional support
for their inclusion in food and nutrition security strategies. For this reason, de-
sired mainstreaming outcomes should be established early in the planning phase
and be SMART,? tailored to the specific country context as well as the resources
that are available (Hunter et al., 2018). SMART objectives can range from
community- to policy-level improvements, and enough time should be devoted
to establishing a baseline against which the suggested monitoring indicators can
be measured. These include, but are not limited to:

*  Level of funding/resource mobilisation to support NUS for improving di-
ets/nutrition in research and interventions.

*  Extent of NUS mainstreaming for healthy diets and nutrition in relevant
national instruments including in national dietary guidelines, NBSAPs or
multi-sectoral nutrition action plans and strategies.

e Level of diversification in public food procurement and school feeding
programmes.

* Increase in scientific literature focusing on the composition or consumption
of NUS.

In conclusion, the BFN Mainstreaming Toolkit provides practitioners with a
foundation and much-needed guidance on how to achieve wider appreciation
of biodiversity, including N'US, in health, nutrition, agriculture and food secu-
rity programmes, as envisaged by the FAO Voluntary Guidelines for Mainstreaming
Biodiversity into Policies, Programmes and National and Regional Plans of Action on
Nutrition and the Committee on World Food Security (CES)Voluntary Guidelines
on Food Systems for Nutrition of the Committee on World Food Security (CFS).
However, in implementing the BFN approach, it has become apparent that there
is no one-size-fits-all solution to the challenge of using biodiversity and NUS
to transform our current food systems. Without a doubt, there are countless
possibilities waiting to be explored. We encourage workers to identify the most
suitable and culturally appropriate solutions for their individual countries that
can help transition the BFN approach into actionable policies that matter for

people and the planet.

Notes

1 Spanning 2021-2019, the GEF ‘Mainstreaming biodiversity for nutrition and health’
project was led by Brazil, Kenya, Sri Lanka and Turkey and was coordinated by
Bioversity International, with implementation support from the United Nations En-
vironment Programme (UNEP) and the Food and Agriculture Organization of the
United Nations (FAO). Additional support was provided by the CGIAR Research
Program on Agriculture for Nutrition and Health and the Australian Centre for In-
ternational Agricultural Research.

2 Specific, measurable, achievable, relevant and time-bound (SMART)
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DEVELOPMENT OF SEASONAL
CALENDARS FOR SUSTAINABLE
DIETS — EXPERIENCES FROM
GUATEMALA, MALI AND INDIA

Gaia Lochetti

Introduction

Seasonality is a concept that can often be overlooked, particularly in Western
countries where people are accustomed to having constant access to fresh plant
foods even out of season. Economic development and consequent urbanisation
have produced a shift in food systems, which have become more global and
standardised worldwide, particularly in urban areas. It is, in fact, not uncom-
mon to find food products out of season in markets and supermarkets, which
have been transported from the other side of the world at a high cost to the
environment.

While this might go unnoticed by the inattentive consumer, seasonal pat-
terns and food availability are still very much at the core of the food systems and
their efficient functioning, and are important for the sustainable management
and use of agrobiodiversity, as well as understanding market fluctuations and the
consequent availability of and access to food. Particularly in low- and middle-
income countries, food production is dependent on the passing of seasons, and
understanding how seasonal patterns influence the availability, diversity and
abundance of food is key to implementing strategies to eradicate malnutrition
and to improve food security and diets globally.

Recent statistics (FAO et al., 2019) show how malnutrition is still widespread,
with 821 million people undernourished and 10% of the world population still
severely food insecure, meaning that they lack sufficient accessibility, availability,
stability or utilisation of food. The relationship between seasonality and food
and nutrition security is no longer an obscure one, as highlighted by a consider-
able body of literature (Leonard, 1991; Dercon and Krishnan, 2000; Savy et al.,
2006). Furthermore, changes in diet quality, both in terms of energy and nutri-
ent intake, as well as dietary diversity, are often due to seasonal variation in food
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availability (Ferguson et al., 1993; Hirvonen et al., 2016; Stelmach-Mardas et al.,
2016; Broaddus-Shea et al., 2018; Oduor et al., 2019).

Understanding the role of food availability and its patterns, characteristics and
seasonal variation can be an entry point to achieving more diverse, healthy and
nutritious diets, and to ultimately improving food security. Suboptimal diets are
a major health risk that contributes to the global burden of disease (Hall et al.,
2009; Afshin et al., 2019). Furthermore, global diets are becoming less diverse,
in a process that has been defined as ‘nutrition transition” (Drewnowski and Pop-
kin, 2009), and are also becoming more and more reliant on a handful of eco-
nomically important animal and plant species. The agricultural intensification
required for these changes has had detrimental effects on environmental health
and agrobiodiversity, critical for both food system sustainability and climate
change resilience (Millennium Ecosystem Assessment, 2005; Mijatovi¢ et al.,
2013). Despite the estimation that over 5,000 food crops exist worldwide (RGB
Kew, 2016), 51% of energy intake relies on rice, wheat and maize (FAOSTAT,
2018). Poor and monotonous diets, characterised by a low consumption of fruits,
vegetables and other nutrient-dense food increases the risk of obesity, cardiovas-
cular disease, diabetes, cancer and other non-communicable diseases (He et al.,
2006). This biodiversity loss in diets is of severe concern, considering that diet
diversity has been associated with nutritional adequacy, health outcomes, food
self-sufficiency and food security (Arimond and Ruel, 2004; Kennedy et al,,
2007; Sibhatu et al., 2015; KC et al., 2016; Lachat et al., 2018).

Improving dietary diversity and quality is, therefore, a key strategy for alle-
viating the global burden of malnutrition. Healthy and diverse diets provide a
vast and diverse array of macro and micronutrients, such as vitamins, minerals
and bioactive compounds, which are fundamental for human health. As a result,
understanding seasonal food availability patterns is crucial.

Collecting information

While there are numerous ways to assess local available agrobiodiversity and its
fluctuations throughout the year, the best method can be decided based on the
scope and purpose of a specific research project. Production and market surveys
can enable a more concrete and factual understanding of seasonal availability, but
can also be both time and resource intensive, and can often overlook important
sources of nutrients in the landscape, such as those stemming from wild resources,
or those exchanged within communities. Participatory research approaches, on
the other hand, have a strong focus on local perspectives and can capture more ef-
ficiently the availability of wild, cultivated and exchanged species, which may be
of particular relevance in the local context. Furthermore, participatory approaches
enable the creation of a space for mutual learning, where communities can discuss
and identify locally tailored action plans (PAR, 2018; Mijatovi¢ et al., 2019).
The assessment of seasonal food availability through participatory approaches en-
tails organising focus group discussions (FGDs). Seasonal food availability FGDs are
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a very versatile and straightforward participatory data collection method that allows
the collection of information on local food species availability and their sourcing, as
well as different types of other information (PAR, 2018). A detailed methodology
guide on how to collect seasonality data through this participatory approach has
been recently published and can be found online (Lochetti et al., 2020).

These FGDs normally last up to a day, depending on the available agro-
biodiversity, the scope of the research and the interests of participants. The
data collected using this participatory methodology corresponds to perceived
seasonal availability, and the quality of the results is dependent on participants’
knowledge and interest in the foods being discussed. Selecting participants
who are familiar with the seasonal dynamics of the foods of interest, such as
experienced farmers and merchants, is advisable, in order to gather data of the
highest quality. Data collected with this method enables the mapping of sea-
sonal periods of food shortages and gaps in food availability. At the same time,
it is also possible to identify periods of high availability of nutrient-dense foods,
which are vital entry points to improving year-round availability of healthy
and diverse foods.

FGDs can provide key insights to the obstacles and barriers to the produc-
tion and the consumption of locally available species, and participants should be
encouraged and challenged to develop locally relevant solutions to these bottle-
necks, with the aim of ultimately leading to the improvement of food and nutri-
tion security, diet diversity and the resilience of smallholder farmers.

Experiences from Guatemala, India and Mali

Within the IFAD-EC NUS project ‘Linking agrobiodiversity value chains, cli-
mate adaptation and nutrition: Empowering the poor to manage risk’, imple-
mented from 2015 to 2020, several FGDs on seasonal availability were organised
in the three countries targeted by the project, namely, Guatemala, India and
Mali. The project aimed to revitalise the use of local agrobiodiversity, which
typically includes a large assortment of nutritious species well adapted to local
conditions, but which are underutilized for a variety of reasons, including a lack
of awareness and promotion. Overall, 12 villages across the target countries took
part in the data collection and contributed significantly to the assessment of local
available agrobiodiversity and its seasonal patterns.

The relevance of locally available agrobiodiversity for the livelihoods of the
villages involved in the project was immediately apparent. In particular, these
FGDs, compared to the production surveys carried out during the baseline as-
sessment, were able to capture the presence of numerous wild-sourced species,
which, in the study areas, make important contributions to household diets.

One fundamental legacy of this project was the creation of location-specific
seasonal food availability calendars, created from the data collected in the FGDs.
In total, four different calendars were created for the three countries, and in each
country translations into local languages were also arranged.
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The resulting calendars (Figure 14.1) are colourful and graphically pleasing
products, easily comprehendible to children and people with a low level of liter-
acy. Furthermore, by drawing on baseline results and closely working with local
partners, calendars were enriched with nutritional education and awareness-
raising materials in booklets that were distributed back to participating commu-
nities (Bioversity International and IER, 2018). These booklets relied on simple
graphics and text in the national or local language to present basic nutrition
information derived from national guidelines, when available, and included a
section with an overview of the state of food and nutrition security specific to
each locality, and of local diet quality and consumption levels of fruits and vege-
tables. A section with easy tips on how to improve diet diversity and year-round
consumption of nutritious foods was also included. When available, national
food-based dietary guidelines were provided as a starting point to present infor-
mation on how to achieve a more diversified and healthy diet. Cooperation with
national ministries for public health or national institutes of nutrition should be
sought to update or improve existing nutrition education material or to develop
new guidelines if national ones are not currently available in the country. At the
time of the IFAD-EC NUS project, national food-based dietary guidelines were
not available in Mali, leading to close cooperation with local nutritionists and
the Ministry of Public Health to develop dietary guidelines that were relevant
to the local context.
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FIGURE 14.1 Scasonal food availability calendar in Bamanankan (one of the local
languages) for the region of Segou, Mali.
Source: Bioversity International and IER (2018).
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Seasonal calendars for the diversification of diets
and ecosystems and the role of traditional knowledge

Building from local experience and knowledge, calendars can thus guide diversi-
fication both in terms of food consumption and in terms of production and land-
scape management. Diversified agroecosystems, leveraging ecosystem services
and the interactions between different species are key strategies for strengthening
resilience to climate change and other external shocks (Oliver et al., 2015; Rioux
et al., 2016). They can optimise yields, provide additional sources of income and
contribute to food and nutrition security (Powell et al., 2013, 2015; Boedecker,
et al.,, 2014; Isbell et al., 2017; Mijatovi€ et al., 2019). This is particularly pressing
when considering accelerating climate change and widespread ecosystem degra-
dation. The seasonal food availability calendars, and the discussions they build
upon, can be very helpful tools for raising awareness of the presence of local
food species that may be neglected and underutilized, and can then be promoted
through follow-up actions and projects. Finally, the participatory nature of this
tool can play a fundamental role in the documentation and preservation of whole
sets of traditional knowledge related to local agrobiodiversity, including local
names, traditional cultivation practices and uses related to these species.

Conclusion

Seasonal food availability calendars can be used to explore and understand sea-
sonal variations and changes in the availability, abundance and diversity of foods
present in both wild and cultivated environments. They can be relevant both
at the urban and the rural levels, as consuming a diverse array of foods that are
available across different seasons will ultimately lead to positive health gains, a
reduced burden of disease and lower impacts on the environment, thereby also
eventually improving the overall sustainability of food systems. The understand-
ing of seasonal food availability patterns contributes to the analysis of the local
food system and can be fundamental in fostering knowledge and raising aware-
ness of local underutilized species and their potential role in both food and nutri-
tion security, and income generation. When the calendar builds on participatory
approaches, it can be used to inform and create awareness of local constraints and
barriers to the production and consumption of diverse food, allowing the devel-
opment of tailored and relevant nutrition education materials.

This tool is an example of a bottom-up strategy that can help improve food
and nutrition security and the livelihoods of smallholder farmers as well as
people’s food sovereignty. A greater knowledge and understanding of locally
available food biodiversity can enhance peoples’ right to define their own food
and agriculture systems, reducing the reliance on external imports and inputs. In
fact, this year, the Covid-19 crisis has underscored the world’s overdependence
on long food supply-chains, and has highlighted the need to diversify locally
available options that can ensure communities’ food security. These calendars,
therefore, represent a valuable tool in increasing food knowledge and access,
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especially for vulnerable groups. Increasing the awareness in the final consumers
of the role of and opportunities in consuming seasonal food, whether they live
in rural Guatemala or a major European city, has the potential to lead to positive
health outcomes and significantly more sustainable approaches to food produc-
tion and consumption.

Note

1 http://www.nuscommunity.org/initiatives/ifad-eu-ccafs-nus/
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ENHANCING THE USE OF
UNDERUTILIZED FOOD CROPS

Partnerships in a success story of a pop cereal
business in Kenya

Yasuyuki Morimoto, Patrick Maundu, Elizaphan Gichangi
Mahinda and Daniel Kirori

Introduction

Many African grains including pearl millet, sorghum, finger millet and some
legumes are declining in importance. Crops such as maize, rice and wheat, which
enjoy big market shares and attention from researchers, the private sector and
government agencies, are replacing these minor crops. Rural women producers
of these minor grains are being disenfranchised as their market shrinks. Over the
last few decades, agricultural production has received a boost thanks to enhanced
cultivation methods, but the majority of agricultural food products in Africa are
still sold in local markets as fresh produce or in raw forms. The main challenge
experienced by farmers is the lack of appropriate technologies for harvest oper-
ations and post-harvest processing before consumption. In particular, research
in processing technologies for minor cereals is needed in order to develop novel
ways of consuming local grains other than the conventional preparation methods
of porridge or “ugali”, which are considered highly monotonous foods, espe-
cially among younger consumers.

Aim of our intervention

In order to promote the use of local food resources and to enhance the appreciation
of neglected and underutilized species (NUS) by people, scientists from the Alli-
ance of Bioversity International and CIAT, in partnership with a multi-disciplinary
group, pioneered a community-led intervention that added value to local cereals
and legumes through the production and marketing of “pressure popped” snacks
(Figure 15.1). Pressure-popping is a technology that uses high temperature and
pressure to puff cereals and legumes such as sorghum, finger millet, green gram
and a variety of other seemingly “unfashionable” grains (Figure 15.2).
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FIGURE 15.1 Local children enjoying a popped snack made from pearl millet.
Credit. Y. Morimoto

FIGURE 15.2 Production of popped cereals. Credit Y. Morimoto
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The machine is user friendly and cheap to maintain as it is manually operated
and requires little wood fuel to be operated, making it easily accessible in rural
areas.

A multi-stakeholder joint venture

Since 2016, through the financial and technical support from the Japanese
Ministry of Agriculture, Forestry and Fisheries, and the Japan Association for
International Collaboration of Agriculture and Forestry (JAICAF), a prototype
machine was tested and fabricated by a Kenyan private company, DK engi-
neering Co. Ltd, using locally available materials with technical support from
Japanese engineers. The same financial support enabled IEDA Confectionary
Limited, a Japanese private company, to work with three local communities in
the Kitui, Embu and Migori counties to initiate the experimental production of
popped grain and value addition. The popping properties of a number of local
grains were explored and the training of community members on value addition
carried out. The groups embarked on marketing the new products, providing
cheap, natural and healthy snacks for both rural and urban people, targeting
especially children.

Results and outcomes

The intervention motivated local individual entrepreneurs to purchase the ma-
chine using their own funds and start local business focused on popping grains.
This technology has proved to be a novel way of adding economic value to local
food resources through their use as snack, thus providing income and several
business opportunities to local groups and individual entrepreneurs.

These efforts have demonstrated great potential to contribute to food security
and enhanced livelihoods in Kenya, particularly with regard to:

e The increased use of local food resources (in our case, local grains) and
boosting their appreciation as new sources of nutrition and income by local
consumers

*  Creating new business opportunities, especially for youth and women inter-
ested in growing, selling and adding value to local crops

*  Enhancing partnerships between farmers and private companies, promoting
entrepreneurships and local value chains

e Conserving local agrobiodiversity, production landscapes and the culture
associated with local foods.

Because cereal popping is still relatively new to most Kenyans, in order to
raise consumers’ interest in popped cereal snacks, the project team carried
out practical demonstrations in the three target counties and elsewhere in
the country about the popping technique and the marketing of its products.
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Overall, 25 of these events were held between May 2017 and February
2018. The events, which included agricultural shows, seminars and work-
shops, were able to be organised also in neighbouring countries. These public
demonstrations generated great interest, as evidenced through the high level
of public participation and the many enquiries received. People following
the events were keen to know more on how to start a business and how to
access local manufacturers, besides requesting more information on technical
aspects concerning the popping machine and its operation. Over the course
of these events, the project team received 37 public awards from 14 agricul-
ture shows attended. The activities were also widely covered by public media
(12 events were covered in Kenya and 15 in Japan between March 2019 and
January 2020). Annex I lists some relevant media releases covering the events
in Kenya.

Worth mentioning as well is that the popping activity helped strengthen the
cohesion in communities, bringing success to some groups, while failing to do
the same in others (apparently due to some financial mismanagement and dis-
gruntlement among some members, caused by lack of clear role allocation and
experience in business activities). Another lesson learnt is related to the case
wherein the popping machine was donated to the community by some support-
ers: here we registered some problems when the machine needed servicing; the
repair, instead of being dealt with by the group as a whole, fell upon just a single
individual who was not particularly happy with that situation, As a result, the
project started to encourage self-financing for the purchase of the machine as a
way to assign greater responsibility among all members of the group, including
when it came to servicing work.

Some key outcomes and lessons

The following factors were key to the success of this initiative:

1 The economic benefits arising from the initiative were among the strongest
factors that led to a shift in the attitude of farmers, traders and consumers
towards minor grains, which were no longer seen as crops of the poor with
no future.

2 The pop cereal machine could be fully fabricated locally. DK Engineering
played a key role in providing the technical backstopping for the machines’
servicing, spare parts, training in operating procedures and maintenance. A
business relying solely on imported machines tends to progress less due to
the high costs of machines and spare parts, the extra time spent obtaining the
spare parts and the lack of management information and human resources to
offer necessary repairs and follow-ups.

3 Multi-disciplinary partnerships including community groups, entrepre-
neurs, private companies, development agents, local governments and sci-
entists played a strategic role in providing action-oriented solutions. These



186 Yasuyuki Morimoto

partnerships also created opportunities for individual consultations, provid-
ing information and practical trainings to those who were interested in start-
ing the business. They supported, furthermore, the development of unique
community products, promoting the use of different varieties of local cereals
and seasoning and flavouring through natural products.

4 Steady demonstration sales during public events and business fairs, supported
by well-crafted communications messages spread through public and so-
cial media. This created opportunities to demonstrate local innovations
in their products, i.e., presentations in labelling, packaging and marketing
strategies.

Following are two case studies that share the experiences of two private com-
panies who ventured into the popping business. The first case is from Kieru
Foods Ltd., owned by Gichangi Mahinda, a new company based in Embu that
manufactures popped cereals from local grains such as pearl millet and sorghum.
The second is from DK Engineering Co. Ltd. in Nairobi, whose sales manager,
Daniel Kirori, offers his perspective on playing a key role in promoting the wider
use of NUS.

Case 1: Kieru Foods Ltd., Embu, Kenya

In the year 2008, together with my wife, Lilian Gichangi, I opened a cereal retail
shop in the Embu market (Gichangi Cereals & Spices). After earning a living for
many years as cereals farmers and traders, we decided to explore new opportuni-
ties of value adding technology for our produce. We initially roasted groundnuts
and soybean, selling these products in our shop in the Embu market, together
with other grains.

In the year 2016, at a farmers’ field day organised by Bioversity International,
I saw a novel technology for making popped local grains such as pearl millet and
sorghum. I was much impressed by this innovation and decided to order a pop-
ping machine fabricated locally by DK Engineering and received the necessary
training for its operation from Bioversity International and JAICAF. In 2017,
JAICAF facilitated my further training at the IEDA Confectionary Ltd. Com-
pany in Japan, where I gained additional knowledge on popping techniques and
product development. The training in Japan was a real eye-opener for me, as the
company I was exposed to was capable of dealing successfully with large volumes
of raw material processed and readily sold. Back home in Kenya, I established Ki-
eru Foods Company and spent about 300,000 Ksh (around US$3,000) as initial
capital to purchase a popping machine, drying chambers, packaging materials
and other items needed for our new business.

Compared with other local businesses, such as the processing of juices from
local fruits, popping has several advantages, including easy and low cost opera-
tions and management, from production to sales; therefore, starters have a high
chance of success.
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The work at Kieru Ltd. focused initially on pearl millet, which is often
mixed with roasted groundnuts and flavoured with soya flour, baobab, hibiscus,
turmeric, ginger and cinnamon powder; sesame oil and honey are also added to
churn out a nutritious delicacy. As indicated in Tables 15.1 and 15.2, we found
that by implementing this production and sales schedule four times a month, the
expenses of the machine would be repaid after 13 weeks, or a little over three
months. The company is able to pop about 40 kg of cereals daily, which we pack-
age and sell to retailers. One kg of pearl millet, which we buy from farmers at a
rate of 70 Ksh, yields more than 144 small-sized bars of snacks called “kashata”
(Figure 15.3), which we sell at 10 Ksh each, gaining a total of 1,440 Ksh. I regard
this income an exponential monetary value appreciation!

Commercialisation

I can say that whatever the reasons are for maintaining these local crops, we have
to ensure that these products are able to satisfy the three major needs faced by rural
farmers, viz. income generation, food sufficiency and good health. Food process-
ing technologies are important to strengthen the resilience of local farming com-
munities against social and environmental transformations, and, at the same time,
to provide opportunities for diversifying diets and generating additional income.

FIGURE 15.3 Value addition to the popped cereals to make snack bars (kashata).
Credit: Y. Morimoto
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TABLE 15.1 Comparison of profit margins from five types of popped cereals

Maize  Brown Wheat ~ Pearl Sorghum
rice millet

Production Raw material (kg) 7 7 5 6 6

Production (kg) 5.06 6.68 4.00 5.48 4.96
Procurement  Raw material cost/kg 40 140 45 50 50

costs

Material cost used 280 980 225 300 300

Other material cost 126 126 90 108 108
Selection fee Personnel 217 217 155 186 186
Production Fuel 35 35 25 30 30

cost

Personnel (3/day) 217 217 155 186 186
Packaging Wrapping material 149 137 80 110 100

Personnel (scaling, 217 217 155 186 186

wrapping)

Selling Personnel 289 289 206 248 248
Total cost 1,529 2,217 1,091 1,354 1,343
Amount sold 3,350 4,550 2,650 3,650 3,300
Profit 1,821 2,333 1,559 2,296 1,957
Profit rate (%) 54.3 51.3 58.8 62.9 59.3

Source: Y. Kanda et al. (2017, p.34). modified.

Kieru Foods Ltd. offers a variety of popped cereal products from local grains
thatare already familiar to consumers. It should be noted that the diversity of crops
used in the snacks is not the only factor behind customers’ appreciation. Added
flavours (obtained from local fruits, vegetables and aromatic plants) are also very
important. To that regard, the company has been investing in innovative ways
of flavouring and seasoning popped cereals, as in the case of flour from roasted
soybeans and Bambara groundnuts, by-products of popping, that are good for
making porridge also. The company is currently marketing its products through
bulk selling to retailers and supporting commercialisation with advertisements
and public awareness campaigns in crowded places like bus parks (Figure 15.4).

The increased marketing of traditional foods in urban areas will create more
demand for the raw materials and, hence, will boost the cultivation of these local
crops. At the same time, the traditional knowledge associated with the use of
these crops, as well as the genetic diversity of these resources, will be preserved.
I also believe that the establishment of local industries revolving around the use
of such crops will help tackle the problem of rural-urban migration so common
among younger ones. More awareness on the health benefits of these foods will
also help popularise their use, which is in great decline due to changing pref-
erences and modernisation of local food cultures. Most of our products in the
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FIGURE 15.4 Marketing Kieru products in Embu market, Kenya. Credit: G. Mahinda

market have basic nutritional information printed on the packages. However, a
more complete nutrient profile is also needed.

Promotion

Popping cereals represent a new snack to Kenyan people and their promotion is,
thus, very important. When we started this business, we had to give free samples
of snacks to potential customers in order to popularise the products. According
to one of our regular customers, the snack bar is handy food for children, easy
to pack and consume at school, and this is certainly helped spread this product
among younger kids.

I have been providing training on popped cereal techniques to individuals
wanting to start their own popping businesses (Figure 15.5). The trainees also
learn tips on how to avoid failures in their business: f.e. we advise trainees on
ways to modify product packaging in accordance with the new policy of the
Kenyan government, which bans the use of single-use plastic shopping bags.

More needs to be done, however, to support the promotion of popping
products in Kenya, and I advocate for greater research support to foster the
development of new ideas to help the wider popularisation of these healthy foods.

Networking

In collaboration with some of our trainees, we are creating a formal association
of Kenyan poppers. This group will act on behalf of its members, presenting their
grievances and requests to relevant authorities and facilitating the acquisition of
the Quality Mark from the Kenya Bureau of Standards, which costs entrepre-
neurs time and money. The association would be tasked with bringing members
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FIGURE 15.5 Mr. Mahinda providing business training on pop cereal production
techniques. Credit: Y. Morimoto).

together for information sharing and training. The network will provide many
innovative ideas for developing new products, as well as approaches for optimis-
ing prices, boosting sale volumes, increasing public demand and raising business
expectations.

Our venture has now picked up quite well and the good returns so far give
us hope for widening our marketing and expanding our business within and
beyond Embu, to other towns in Kenya. We envision having a processing factory
able to offer a good market for neglected crops, which will be very helpful for
struggling smallholder farmers, and we trust that we shall contribute to making
better foods of high nutritional value, while also opening up job opportunities
to the youth and women.

Effects of COVID-19 on business

Our income has decreased as the number of people in markets decreased, as a
result of COVID-19 policies, including a ban on demonstration sales in the open
market. Many sectors, such as restaurants and tourism, have been affected by the
disruptions caused by the pandemic and many people have lost their jobs. Sectors
related to basic food, production and sales, however, tended to be less affected.
Many people are eating at home and, as children are staying at home due to re-
strictions, people are becoming also more conscious of the importance of healthy
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diets. To that regard, we have registered an increase in consumers’ interest in
locally made, healthy, traditional foods. In line with the need for greater hygienic
and sanitary procedures, our company has also introduced in our factory a new
packaging machine to wrap products individually (Figure 15.6).

Additional promising technology

The development of novel marketing strategies is always a continuous need for
every entrepreneur. In that regard, we continue to interact with scientists to
explore together alternative snack-making machines that cheaper and easier to
carry around. For instance, some of the latest technologies developed — the hand-
grill and puff-cracker machines — each costs less than a quarter of the price of a
popping machine; furthermore, in addition to being affordable, they are easy to
maintain since they require little technical expertise and are operated by just one
person (Figure 15.7). Whereas the popping machine converts grains to snacks,
the cracker utilises flours of sifted cereals like cassava, wheat, rice, pearl millet,
maize, amaranth, sorghum and finger millet — among others — to come up with
the snacks (Figure 15.8). I strongly believe that these types of innovations can
help tackle many challenges facing our society; they can create employment for
younger ones and help curb food insecurity, wastage and malnutrition.

FIGURE 15.6 Individually wrapped “kashata”. Credit: G. Mahinda
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Kamgas

FIGURE 15.7 Locally fabricated puffed-cracker machine. Credit: Y. Morimoto

FIGURE 15.8 Puffed-crackers made using eight different types of cereal and legume
flours. Credit: Y. Morimoto
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Case 2: DK Engineering Co. Ltd., Nairobi, Kenya

DK Engineering Co. Ltd. was established in 1986 in order to provide engineer-
ing technology solutions in food processing and related service support. The
company has been a key player in providing machines to industries within and
across regions, focusing on bakeries, fruit juices, peanut butter, honey, wet and
dry vegetables and institutional/restaurant kitchen equipment.

After inspecting the prototype popping machine brought from Japan, DK
Engineering expressed interest in fabricating a facsimile using locally available
materials. It studied the design of the Japanese model, investigated the materials
used and identified areas requiring redesigns using local materials.

Technical challenges encountered

The major challenges experienced during the development process included the
following:

e Developing a cylinder vessel that would hold the required high pressure
without leakage.

*  Moulding the lid guide and locking the peg that would fit tight on the lid.

e Designing the entire machine with the same precision of the original made

in Japan.

FIGURE 15.9 Mr. Yoshimura, on the right, providing technical guidance to DK
engineers. Credit: Y. Morimoto)
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* In addition, the pressure tight adjustment screw bolt was often bent due to
accumulation of pressure, and the locking peg was broken upon hammering
to open the lid. The selection and appropriate heat-resistant material was not
precise, so we had to engage in trial-and-error methods repeatedly, which
consumed time and resources.

To solve all these problems, a request for engineering guidance was made to
JAICAF and also to Mr. Yoshimura of Pop Cereal Machine Sales Ltd., Japan,
who was the original designer of the popping machine (Figure 15.9). Based on
their guidance, we applied a super-alloy containing a large content of sulphur
constituent (“En9”) to increase the strength and also contracted a steel foundry
to cast the lid guide and locking peg.

In terms of challenges encountered in selling the machine, customers expressed
some concerns over the loud noise of the machine; others found that although
the machine requires the use of relatively little wood fuel, this could be still a
limiting factor if the equipment is to be used in urban settings.

Result and prospects

Our knowledge regarding the fabrication of the popping machine has been
greatly improved, thanks not only to interactions with the project team, but also

FIGURE 15.10 Comparison of a locally manufactured pressure popping machine in
the back and an original, Japanese-made popping machine in the fore-
ground. Credit: Y. Morimoto
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to the plentiful feedback received from customers. After several tests, we have
now achieved a model that is performing well and we are able to reach large-scale
production of this equipment, comparable to what we observed in the factory we
visited in Japan (Figure 15.10).

Further improvements to the popping machine are in the making, including
replacing the wood stove with a gas stove, adding an insulated panel for reduc-
ing the noise and developing mobile equipment that would allow users to reach
strategic points of sale.

So far, we have sold about 30 machines in our region; our customers include
local farmers groups, individual entrepreneurs, companies, NGOs, local govern-
ments and a UN agency interested in promoting the use of local cereals through
this technology.
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AGRITOURISM AND CONSERVATION
OF NEGLECTED AND UNDERUTILIZED
NATIVE ANDEAN CROPS IN
SANTIAGO DE OKOLA, BOLIVIA

Stephen R. Taranto, Eliseo Mamani Alvarez
and Wilfredo Rojas

Introduction

The Lake Titicaca basin is the center of origin for numerous domesticated crops.
Quinoa (Chenopodium quinoa), potato (Solanum tuberosa), oca (Oxalis tuberosa),
isafio (Tropaeolum tuberosum) and canahua (Chenopodium pallidicaule) are some of
the crops domesticated in the region, that have, in some cases, been credited
with permitting the development of complex civilizations throughout the Andes
(Erickson, 1988; Mann, 2011). Crops such as potatoes serve as globally important
staple foods that today are the primary source of nutrition for hundreds of socie-
ties (Pearsall, 2008; Bradshaw and Ramsey, 2009).

Over millennia, Indigenous farmers in the Andes not only domesticated sin-
gle crops from wild plants but, in many cases, developed hundreds and even
thousands of varieties of each (Pearsall, 2008). In Bolivia, it is estimated that
farmers have developed as many as 2,963 varieties of quinoa and up to 1,944 vari-
eties of potato (INIAF, n.d.). Such high levels of diversity have arisen in part due
to the highly variable topography, soil and climate regimes in the region, leading
to farmers continually having to select the varieties that are best adapted to local
conditions, dietary requirements and constantly shifting cultural practices and
preferences (National Academies Press, 1989; FAO, 2009).

Despite its importance for traditional diets and cuisines, alleviating and com-
bating food insecurity and adaptation to climate change, the loss of agrobio-
diversity is widespread in the Andes (Padulosi et al., 2011; Zimmerer, 2013).
In recent decades, large-scale and rapid migration from rural to urban areas,
shifting weather patterns and the globalization of food systems have led to a
decline in agrobiodiversity in Bolivia and elsewhere around the world (Padu-
losi et al., 2011). Furthermore, as rural populations age and older farmers die
or cease to farm, knowledge and techniques for maintaining crop diversity are
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lost, contributing to the extinction of many varieties (Thrupp, 2000; Zimmerer,
2014).

In response to this genetic erosion, in recent decades Indigenous Aymara and
campesino farmers and farming communities in Bolivia and Peru, and their allies
from the public and private sectors, have been identifying and experimenting
with a variety of practices aimed at halting the loss of agrobiodiversity. This in-
cludes in situ and ex situ conservation of germplasm, disease control, soil manage-
ment, market development and commercialization of products and agritourism
(Gandarillas, 2001; Coca, 2010 cited by Rea, 1995; Cérdoba, 2017). This chapter
shares the results of an ongoing community-based agrobiodiversity conservation
project and assesses the potential of agritourism to contribute to the in sifu con-
servation of Andean crops in a traditional farming community on Lake Titicaca.

Background and context

Between 2008 and 2014, Bioversity International and the PROINPA Founda-
tion of Bolivia collaborated on the conservation and commercialization of na-
tive Andean crops on the Neglected and Underutilized Species (NUS) project,
supported by the International Fund for Agricultural Development. In Latin
America, the NUS project was implemented in Bolivia and Ecuador (Rojas
et al., 2010, 2014) and worked with Indigenous farming communities, agrono-
mists, government agencies, tour operators, restaurants and other stakeholders
to identify and implement sustainable interventions to prevent further loss of
Andean agrobiodiversity.

NUS interventions in Bolivia included the design and implementation of a
community agritourism pilot project. Community-based tourism (CBT) is an
increasingly popular approach to tourism that seeks the greater participation of
local communities in tourism activities and services. CBT initiatives are de-
signed to extend a greater share of the benefits of tourism to local communities
by reducing the outsourcing of certain services to external actors, such as private
tour operators, restaurant owners and transportation providers (Dangi and Jamal,
2016). Since the mid-1990s, dozens of CBT initiatives have been developed in
Bolivia and elsewhere, with highly variable results. Challenging to implement
and difficult to sustain, CBT projects are often located in remote rural commu-
nities associated with high-biodiversity protected areas and under intense pres-
sure from migration (Baldinelli, 2013), climate change (Meave and Lugo-Morin,
2014) and illegal timber extraction and mining, and where food systems tend to
decline in diversity (Blundo-Canto et al., 2020).

To identify a pilot site for a CBT agritourism project and assess the feasibil-
ity of its sustainable implementation, PROINPA worked with Sendas Altas, a
private tour operator in La Paz experienced in supporting and promoting CBT
initiatives and familiar with its challenges. As a component of its corporate social
responsibility program, Sendas Altas was actively working with several CBT
initiatives in protected areas (T. Sivila, personal communication, 20 April 2018).
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For the NUS agritourism pilot project — and based on PROINPA’s
recommendations — four communities, Cariquina Grande, Cachilaya, Coromata
Media, Santiago de Okola and Titijoni, were evaluated as potential pilot project
sites under four criteria: agrobiodiversity levels; project acceptance by the com-
munity; accessibility of the community and the presence of tourist attractions
beyond agrobiodiversity.

Approximately 1.5 hours by ferry from the Island on the Sun in Lake
Titicaca, the most important non-urban tourist destination in Bolivia, and four
hours from the city of La Paz, the village of Santiago de Okola on Titicaca was
selected for the project. Community members expressed interest in developing
a tourism project and, in fact, the village had been receiving tourists informally
for several years (T. Laruta Hilari, personal comm, 28 February 2008). In ad-
dition to the high levels of agrobiodiversity inventoried by PROINPA (2008)
and Torresin, who identified 136 useful plant species in the village (2015), the
community possesses numerous landscapes, sites and activities of interest, in
particular the Sleeping Dragon bluff, an important archaeological site on the
shores of the lake (Calla et al., 2013) that until today is used for traditional
Aymara rituals (Gil, 2017).

Together with community members and PROINPA, Sendas Altas facilitated
the participatory design of the CBT project based on the interests and abilities
of participating community members, the identification of complementary
attractions and activities, the generation of income and the use of agrobiodi-
versity. Through group discussions, skill-building workshops, field trips and
other participatory methods, tourism skills and services such as interpreta-
tion, hygiene practices, food preparation and accommodation were developed.
Agrobiodiversity was integrated into the project in various ways, including its
inclusion in meals, the design of a cookbook highlighting agrobiodiversity, in-
terpretive walks that include information on agrobiodiversity and traditional
production systems and the creation of a community museum highlighting
agrobiodiversity.

Since the start of the project in 2008, an estimated 3,500 tourists have visited
Santiago de Okola, many crossing Lake Titicaca from the Island of the Sun and
others coming by land from La Paz. Furthermore, in parallel with the NUS
project and to this day, a sustained series of additional, externally funded pro-
jects have been implemented in the community, including the development
of a low-impact trail system on the Sleeping Dragon bluff, the organizational
strengthening of the Integrated Tourism Association of Santiago de Okola
(ASITURSO) — the formal community organization that emerged from the
project — and the construction of a community center. Recently, the project has
received support from the Italian Cooperation with a particular focus on the
remnants of Qhapaq Nan, the Great Inca Trail that passes directly through the
town, which is being developed as a long-distance regional trekking route from
Ecuador to Chile (see Figure 16.1).
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FIGURE 16.1 Map of Lake Titicaca and Santiago de Okola. Credit: Elmer Cuba.

Objectives of the study

The objectives of this study are: a) to evaluate whether the last 12 years of agri-
tourism in Santiago de Okola have contributed to the conservation of the An-
dean crop varieties inventoried at the beginning of the project; and b) assess the
impacts and potential of agritourism to contribute to the in situ conservation of
Andean agrobiodiversity.
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FIGURE 16.2 Participants of the project share a harvest with visitors. Credit: Stephen
Taranto.

Methods

At the beginning of the NUS project in 2008, 12 families from Santiago de
Okola agreed to participate in the agritourism pilot project and were surveyed in
Aymara and Spanish by PROINPA and Sendas Altas to assess established percep-
tions about tourism and to inventory household agrobiodiversity (Mamani et al.,
2008). Researchers visited each family independently after the 2008 harvest and
asked respondents to display and name each variety. Once all the families were
surveyed, a database of crops and crop varieties was generated and recorded as
present (1) or not present (0) in each household. The same method was used for
the 2020 surveys and the data were analyzed using descriptive statistics, with the
houschold as the unit of analysis.

To evaluate changes in household agrobiodiversity levels, we compared levels
reported in 2008 to those reported in 2020. The 2020 surveys were conducted
with the same families and with the same questionnaire. Due to the COVID-19
pandemic, only seven families (58%) were surveyed; however, the remaining
families will be surveyed when safe access to the region is secured and the data
presented here will be updated.

Results

Today, the agricultural systems of the Lake Titicaca basin reflect five centuries
of crop exchange with food systems from around the world and the diets of
both rural and urban consumers reflects deep integration with introduced crops
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such as broad beans, wheat and barley. Farmers in Santiago de Okola cultivate
a broad array of native and introduced crops; however, for the purposes of this
study, results are presented only for the seven native Andean crops inventoried
during both the 2008 and the 2020 surveys. Four tubers (potato, oca, isafio and
papalisa) and three grains (quinoa, cafahua and maize) were inventoried, while
introduced crops such as barley and wheat were excluded, in order to evaluate
the impact of the project on native Andean crops rather than all crops present in
the systems.

Figures 16.3 and 16.4 summarize the change in the number of varieties of
each crop that each household cultivated in 2008 and in 2020. Increases in the
number of varieties grown by each household were reported for the seven crops
in six of the seven households: oca increased from an average of four to eight va-
rieties, isaflo from one to four varieties, papalisa from one to four varieties, maize
from three to nine varieties and quinoa from one to six varieties per household.
While in 2008 canahua was not cultivated by any participants, in 2020 one fam-
ily reported cultivating four varieties of it. The greatest change was registered
for potatoes, with an increase in the average number of varieties from 12 to 32
(Figure 16.4). The change in number of varieties of potato is presented separately
because while potatoes were not a focus crop of the NUS project, they are central
to food security in rural communities and their diversity is crucial to monitor
and conserve.

The results also served to evaluate changes in the overall composition of crops
and their varieties at the intra-family level between 2008 and 2020 (Figure 16.5).
Traditional Andean farming systems are characterized as poly-culture systems
and Figure 16.5 summarizes changes in crop variety composition with Families 2
and 3 increasing the total number of crop varieties by 131% and 71% respectively;

oca
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2008 2020

FIGURE 16.3 Change in the number of varieties of oca, papalisa, isano, quinoa, maize
and cafiahua between 2008 and 2020.
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FIGURE 16.4 Change in the number of potato varieties between 2008 and 2020.
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FIGURE 16.5 Overall changes in crop and crop variety composition between 2008
and 2020.

Families 5, 6 and 7 increasing the number of varieties by more than 200% each
and Family 4 increasing the number of varieties by more than 500%. Family 1
did not ultimately participate in the project and reported a 50% reduction in
number of varieties.

Conclusions

The results of this initial analysis show promise for community-based agritour-
ism projects to contribute to the in situ conservation of Andean agrobiodiversity.
While five households remain to be interviewed, the consistent and sustained
increases both in the number of varieties of each crop cultivated by participat-
ing families and in the overall diversity and complexity of household farming
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systems suggest that varieties at risk of loss are, in fact, being conserved among
participating households. While there is little evidence, with the exception of
canahua, of new varieties being introduced from outside the community, the
results clearly show that participating families are actively exchanging varieties
amongst themselves and, as such, are establishing multiple, highly diverse in situ
conservation plots within the village.

There are a number of factors that may have contributed to these outcomes.
First, it is important to mention that from the early stages of the project there
was a steady flow of tourists visiting the community and paying to experience its
agrobiodiversity. Santiago de Okola’s agricultural landscape was highlighted in
promotional materials used by local tour operators to attract visitors, with offers
of homestays and traditional meals with families, an agrobiodiversity and medic-
inal plant walk, cooking workshops and visits to the community museum with
exhibits on the food and farming systems of the village and region.

At the same time, project technicians from PROINPA and Sendas Altas were
supporting community members by providing skill-building and organizational
strengthening, helping participants respond to the needs of visitors, fundraising
for new projects and managing the marketing efforts required to sustain the flow
of tourists. Together, the internal and external efforts made by project partners
and the consistent focus on agrobiodiversity combined to motivate participants
to internalize the importance of agrobiodiversity not only for local food security
requirements but also as a source of income linked to being the stewards of such
a valuable resource.

Qualitative data collected during the 2020 inventories support the notion that
the combination of receiving income during and beyond the early stages of the
project while also simultaneously developing services and skills associated with
tourism focused on agrobiodiversity caused the revaluing of crop varieties by both
tourists and community members. During the 2008 inventories, for example,
many respondents could not remember the names and uses of the varieties sur-
veyed, while in 2020 farmers demonstrated much greater knowledge of varieties
and much more interest in conserving them. Further, cultivating a greater num-
ber of varieties has become a source of pride and positive competition among
project participants as they report the desire to demonstrate their commitment
to stewarding cultural patrimony not only for tourists but also for neighbors and
nearby communities, ostensibly elevating the village’s status among its peers.

Finally, positive developments achieved in Santiago de Okola took place in
the context of broader national and international efforts to revalue traditional
food and farming systems (M. Taha, personal communication, 12 August 2020).
The rise of Indigenous leadership at a national level in Bolivia, for example,
greatly influenced increasing pride in traditional cultural practices, including
native cuisine. The year 2013, for example, was declared as a Year of Quinoa by
the Food and Agricultural Organization. These are just two examples of larger
trends that have elevated appreciation for and consumption of native crop varie-
ties and that have influenced tourist interests in the same.
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At the time of writing, and most unfortunately, the 2020 global coronavirus
pandemic has brought tourism in Santiago de Okola to a halt and throws into
doubt the long term sustainability of agritourism to contribute to agrobiodiversity
conservation in the community. The virus’ impact on elderly populations is severe,
placing Santiago de Okola’s aging farmers at risk and, with them, the cultural and
agroecological practices associated with the agrobiodiversity they conserve.
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Introduction

Diets low in consumption of fruits, vegetables, and other nutrient-dense foods and
high in energy, fats, free sugars, and salt are a leading cause of non-communicable
diseases in sub-Saharan Africa (SSA), underpinning millions of premature deaths
(Afshin et al., 2019). The World Health Organization recommends the consump-
tion of 400 grams or five portions a day of fruits and vegetables for good health.
However, healthy diets that include fresh vegetables are unaffordable for more than
half the households in SSA (Harris et al., 2019; Hirvonen et al., 2020).
Traditional African vegetables (TAVs) are diverse in taste, flavors, and nutrient
content. They present one way to improve people’s diets in SSA countries at low
cost with food plants suited to local taste and flavors, and which are connected
to people’s cultural history and adapted to local agro-ecological environments.
Yet these vegetables are often neglected and underutilized for multiple reasons,
including (1) shifts in food habits and preferences; (i1) agricultural and food policies
promoting only a handful of energy-dense staple crops and exotic vegetables; (iii)
poor planting materials available to smallholders; and (iv) poor crop management
practices and postharvest handling due to inadequate extension and infrastructure.
This chapter gives a brief overview of the World Vegetable Center (WorldVeg)
and its partners” efforts to promote TAV production and consumption in SSA and
safeguard TAV biodiversity before it is lost. The lessons learned from these efforts
will contribute to an African vegetable revolution to improve diets in the continent.

Safeguarding traditional vegetable biodiversity
as a primary driver for resilient food systems

TAVs are vegetables native to SSA or vegetables that have been introduced to
SSA and adopted by farmers in their traditional production systems. Three
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primary regions of crop diversity of TAVs have been identified: (i) Dahomey
gap in western lowland tropical Africa; (i1) the Ethiopian highlands; and (iii)
South Cameroon (van Zonneveld et al., 2021). Tanzania and Eswatini are two
regions of TAV diversity of predominantly wild vegetables; Angola, DR Congo,
and South Sudan are areas of potential diversity that require further investiga-
tion because of the currently low number of observations (van Zonneveld et al.,
2021). Madagascar is another fascinating region of vegetable crop diversity as a
historic meeting point of people originating from SSA, Southeast Asia, and the
Middle East, who each introduced their own crops and varieties. More than
400 species are reported to be used as traditional vegetables in Africa, with over
60% being leafy vegetables (van Zonneveld et al., 2021). A more detailed study
among 126 TAVs indicates that about one-third are domesticated, another third
are semi-domesticated, and the rest are predominantly harvested in the wild (van
Zonneveld et al., 2021).

Many local varieties of domesticated and semi-domesticated species are lost
due to underutilization. For wild species, habitat loss and overexploitation are
major conservation concerns. WorldVeg maintains a global key collection of
TAVs in the public domain in its genebank in Tanzania, which includes ger-
mplasm of amaranth, African nightshade, okra, roselle, and jute mallow, among
other crops. This collection comprises about 2,400 accessions of TAV landraces
and their wild relatives, collected from 38 African countries. The early collecting
missions date back to the 1990s through different grant projects. In partnership
with National Plant Genetic Resources Centers in SSA, WorldVeg is implement-
ing a plan to rescue African vegetable biodiversity and support ex sifu conserva-
tion of TAV biodiversity and breeding in Africa. Thanks to these partnerships,
new collecting missions have started in western, eastern and southern Africa to
fill geographical gaps in the conservation of TAVs.

Access to the germplasm conserved in WorldVeg
genebanks to support research and healthy diets

The TAV collection at WorldVeg is held in trust for humanity. It can be accessed
for breeding and research in accordance with the guidelines of the International
Treaty on Plant Genetic Resources for Food and Agriculture.

In addition to distributing germplasm for research, education, and breeding,
WorldVeg distributes vegetable seed kits to international and local NGOs, farmer
groups, and local governments, which share the kits with households for the direct
cultivation of these crops. Most seed kits aim to improve nutrition through home
consumption and to diversify incomes by selling TAVs in local markets. WorldVeg
also distributes seed kits to organizations for disaster relief to support smallholders
affected by crises such as displacement due to civil unrest or crop failure because
of extreme weather events. For example, from 2013 to 2020, the WorldVeg gen-
ebank distributed nearly 47,000 seed kits containing about 211,000 seed samples
of improved lines and purified promising accessions to smallholder farmers in
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Tanzania, Kenya, Uganda, and Madagascar through development projects and
programs. Bulk seed distribution in Tanzania, Benin, and Mali was part of the
Center’s effort to support communities affected by the Covid-19 pandemic. These
large numbers reflect increasing recognition among government and development
organizations of the relevance of TAVs for income and nutrition.

The lines distributed are open-pollinated, allowing growers to produce and
save their own seeds for future seasons. These lines of promising genebank ac-
cessions, selections, and WorldVeg improved lines have been tested under local
conditions for yield, disease resistance, and consumer preference. Seed kits are
distributed along with training in vegetable production and seed saving. Each
kit contains a booklet with planting instructions that follow good agricultural
practices and information on each crop’s nutritional values. Seed kit distributions
are intended to be one-time only to avoid dependency or crowding-out local
seed enterprises. The provision of healthy seed kits to households coupled with
behavior change communication has been shown to raise consumers’ nutritional
awareness of TAVs (Afari-Sefa et al., 2016). Such actions have resulted in sig-
nificant improvements in households’ dietary diversity, particularly for children
under five and women of reproductive age (Ochieng et al., 2018).

In areas where formal and informal seed sectors of TAVs are underdeveloped,
vegetable seed kits help introduce good quality seed in local seed systems. Seed
kits are also a promising tool for participatory variety evaluation with farmer
organizations and local seed enterprises, which, in turn, inform seed enterprises
and seed companies about farmer preferences to tailor their supply to local de-
mand. As seed companies and public institutions expand their portfolio with
traditional vegetables, the role of the WorldVeg genebank shifts from seed kit
distribution to supplying germplasm resources for variety development by seed
companies and public institutions. Thus, the WorldVeg genebank optimizes the
distribution of vegetable diversity by working with partners in both formal and
local seed systems and aims to contribute to integrated seed system development.

Farmers in several SSA countries such as Kenya, Tanzania, and Mali are al-
ready adopting varieties developed from WorldVeg genebank materials supplied
to seed companies in Africa. For instance, 51% of amaranth areas planted in
Kenya and 70% in Tanzania were from WorldVeg improved lines that were re-
leased in these countries (Ochieng et al., 2019). Also, 2.9 tons (59%) of amaranth
seeds sold by companies in 2016 used WorldVeg-based germplasm. WorldVeg’s
amaranth lines have reached about 231,000 households in Kenya and Tanzania
alone (Ochieng et al., 2019).

Germplasm enhancement for increased productivity
and nutrition

The germplasm improvement of TAVs at WorldVeg started in 1992 with a hand-
ful of the most popular TAVs, namely amaranth, African eggplant, and Ethiopian
mustard. Through repeated selection, purification, and farmers’ participatory
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variety selection, plant breeders quickly identified promising lines for release as
improved cultivars of amaranth and African eggplant in Tanzania, Kenya, Ethi-
opia, and Cameroon (Figure 17.1).

A WorldVeg breeding program for amaranth and African eggplant started in
2015 to develop advanced lines with enhanced yield, nutrients, product color,
shape, size, taste, and late and early maturation. These lines have been distrib-
uted to national agricultural research systems, private seed companies, and other
partners in Africa (Dinssa et al., 2016). They have been adopted at large scales
by farmers in several countries such as Tanzania and Kenya (Ochieng et al.,
2019). As a result, improved cultivars of amaranth and African eggplant have
been released in several countries in the continent. Most seed companies directly
use the released varieties and multiply the seed for commercialization. A few
advanced companies have started using WorldVeg improved lines in their breed-
ing programs. The increasing commercialization of seed suggests commensurate
increasing consumer demand for these vegetables and, consequently, more in-
terest from farmers to invest in amaranth production. Further research will help
provide further insights into these dynamics and how to further scale vegetable
seed supply in SSA.

To further advance variety release and supply quality vegetable seed, the Africa
Vegetable Breeding Consortium (AVBC) was established in 2018. The AVBC is
a joint initiative of WorldVeg and the African Seed Trade Association to develop
a strong vegetable seed sector in Africa. All WorldVeg improved lines are publicly
available and can be requested. AVBC members have limited exclusivity claims to
some WorldVeg-developed lines before they become a global public good.

Sustainable production

WorldVeg improved lines include African eggplant accessions resistant to shoot
borer Leucinodes orbonalis, and sources of resistance in amaranth have been identi-
fied for foliar pests and stem weevils (AVRDC, 2003; Othim et al., 2018).

FIGURE 17.1 Two successful amaranth varieties, Madiira 1 (A) and Madiira 2 (B)
released in 2011 in Tanzania. Photos: World Vegetable Center.
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In combination with appropriate pest and disease management practices,
farmers can boost TAV supply to meet growing demand. These practices include
removing and destroying infested crop debris, crop rotations with non-host
crop species, eradicating weeds, good drainage, and growing healthy seedlings.
Grafting African eggplant on suitable resistant rootstocks is an important control
measure to overcome bacterial wilt and Verticillium wilt diseases. Soil fumigation
and soil solarization are important means to control pathogens and root-knot
nematodes. Damping-off diseases can be controlled by treating seed with
fungicides (including bio-fungicides such as Trichoderma) or hot water. Using
disease-free seedlings, removing and destroying diseased plants, and protecting
fields and nurseries from insect vectors are further recommendations to help
manage virus diseases. Yellow sticky traps (for whitefly, leafminer, leathopper,
and aphids) and/or blue sticky traps (for thrips) should be erected on the wind-
ward side of fields and nurseries to help trap these pests, some of which also act as
vectors of virus diseases. Application of predatory mites and insects and entomo-
pathogenic fungi such as Neozygites floridana, Beauveria bassiana, and Metarhizium
anisopliae help reduce infestations of pests such as spider mites. The application of
bio-pesticides, including neem formulations, reduces insect pests and also con-
serves natural enemies such as predatory ladybird beetles and syrphid flies, as well
as parasitoids. Extension and training in improved production and postharvest
practices support farmers in boosting the TAV supply in SSA, as would adequate
infrastructure to get vegetables to appropriate markets.

TAV consumption

Vegetable consumption is generally low in SSA. Only 7% of countries in
Africa reach a mean consumption of 240 g/day, as recommended by WHO/
FAO guidelines (Kalmpourtzidou et al., 2020), though there is wide variation
between regions and countries in SSA (Afshin et al., 2019). Data specifically on
TAV intake at individual or population level is not readily available, because
national data-collection systems focus predominantly on economically impor-
tant vegetables (Herforth et al., 2019). Further research is needed to understand
the intake of TAVs at household and individual levels in many SSA countries.
Behavior change communication programs have been tested in several
countries to promote fruit and vegetable consumption, including some TAVs.
Among these approaches are school garden programs used to stimulate interest
of children at a young age (Schreinemachers et al., 2019); and integrated home
garden programs—coupling garden-based training with nutrition behavior
change—to increase the household-level availability of vegetables while simul-
taneously stimulating demand (Olney et al., 2015). Other approaches include
media campaigns, cooking demonstrations and competitions, promoting local
food ambassadors/champions, and holding food and seed fairs (Ochieng et al.,
2019). Over the last three decades, tens of thousands of households in western
(Mali, Burkina Faso), central (Cameroon), eastern (Kenya, Uganda, Tanzania,
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Madagascar) and southern Africa (Malawi, Zambia) have been trained on the
nutritional benefits of TAVs and how to prepare them by different organizations
including WorldVeg, Bioversity International, and their national partners.

Thanks to a series of interventions on both the demand and supply sides,
TAVs are successtully being mainstreamed in Kenya and Uganda, especially
in the capital cities like Nairobi and Kampala, through a revival of traditional
eating patterns among the middle classes. This has been possible because of pol-
icy support to create an enabling environment for vegetables in food systems.
The recognition of quality declared seeds (QDS) boosted TAV supply to meet
increasing urban consumption in these cities (Mabaya et al., 2019). QDS provides
farmers with access to quality (though not nationally registered) seeds of less
highly bred crops such as TAVs. The QDS process involves local seed enterprises,
boosting livelihoods and making diverse vegetables available for healthy diets.

However, in most cases, interventions are fragmented because they address
only part of the value chain. There is a need for systems-based actions that
encompass the whole value chain and that are enforced by enabling policies to
support sustainable production and consumption. Many food and seed policies do
not explicitly consider vegetables or desired dietary outcomes for national pop-
ulations. Therefore, more work is needed to understand how these system-level
interventions can connect the production and consumption of nutrient-rich
vegetable foods.

Reflection on the way forward for the African
vegetable revolution

Despite increased interest from the scientific community in the ongoing work
on TAVs, there are still important steps left to achieve an African vegetable rev-
olution to improve diets in the continent. We here identify three significant
areas that need a clear commitment from high-level institutions in Africa and
worldwide.

a  Enabling policies to mainstream African traditional vegetables into
food systems. Policies to shape the food system to nourish people, not
just feed them, must look across the food system from inputs to production
and food environments. Multidisciplinary research is key to reveal gaps and
opportunities for increasing TAVs in food systems, starting with the de-
sired outcomes—including healthy diets, fair livelihoods, and sustainable
environments (McMullin et al., 2021). A critical component of this research
is the investigation of seed policies and how to make them more inclusive by
(1) recognizing farmer-saved seeds; (i1) supporting the development of nutri-
tious vegetable varieties; and (iii) making these vegetable seeds available to
and affordable for farmers. Policies that support farmers in risk management
will encourage them to grow TAVs. These include providing subsidies for
nutritious foods and insurance programs for TAVs, and connecting growers
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with consistent institutional markets such as school feeding programs while
demand increases.

b Promotion and outreach to boost consumption of TAVs. There is
increasing evidence of the impact of promotion campaigns on public
awareness of the nutritional value of TAVs and their role in dietary diver-
sity at the household level (Afari-Sefa et al., 2016; Ochieng et al., 2018).
Specialized government agencies (e.g., Food and Nutrition Councils and
their equivalents) can be tasked with such campaigns.

¢ Strengthen regional R&D programs and initiatives to enhance the use
of African vegetable germplasm. This will require governments and funders
to invest and stakeholders to organize efforts to rescue the biodiversity of
TAVs and strengthen vegetable breeding programs in Africa. An example
of such an initiative is the AVBC, which brings WorldVeg and seed compa-
nies together to build capacities and exchange knowledge on new breeding
techniques. A regional action plan with public, societal, and private actors
will be essential to rescue and make efficient use of TAV biodiversity in
Africa.

Conclusion

While notable efforts are ongoing to mainstream TAVs in production and food
systems in SSA for healthier diets, improved livelihoods, and the protection of
genetic diversity, several bottlenecks remain: policies to create an enabling en-
vironment are needed to integrate these vegetables into people’s diets; awareness
campaigns to encourage consumption will enhance the adoption and accepta-
bility of TAVs; consistent investment to safeguard TAV biodiversity is essential
for resilient production and supply to meet consumer demand; and supply of
high-quality seeds to farmers in combination with extension will help build
capacity among farmers for safe and sustainable production practices.
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SLOW FOOD AND NUS

Protecting and promoting endangered
food products

Charles Barstow, Edie Mukiibi and Dauro Mattia Zocchi

Introduction

Slow Food (SF) is a global grassroots organization and movement founded in
1989 to counter the acceleration of frenetic consumerism by renewing interest in
food and the pleasure of eating, protecting local food cultures, and ensuring that
everyone has access to food that is good (healthy and delicious), clean (produced
and consumed with respect for the environment), and fair (contributing to social
justice) (Petrini, 2005). Since its inception, SF has articulated a multifaceted con-
cept of gastronomy that understands food as a web of relationships linking pleas-
ure and wellbeing, people and landscapes, producers and consumers, cultures and
ecosystems (Schneider, 2008). SF’s activities and initiatives focus on education,
traditional knowledge, agroecology, empowerment of women and Indigenous
Peoples, participatory management of foodscapes, policy and advocacy, and the
creation of short, equitable supply chains. A commitment to defending the bio-
logical and cultural diversity on which the resilience of human communities and
the global food system depend underpins all of this work.

This is in keeping with the growing political, popular, and scientific interest
in the role that traditional food systems can play in combatting and potentially
reversing the erosion of biocultural diversity (Mafh, 2001) that has accelerated in
recent decades. Particular attention is now paid to neglected and underutilized
species (NUS) (Padulosi et al., 2013), which may hold solutions to challenges
facing socioecological systems and human health and nutrition. Not just govern-
ments, research institutions, and private sector organizations, but also local and
international food movements have made important contributions to recovering
NUS (Goodman et al., 2012; Counihan and Siniscalchi, 2014). Several grass-
roots initiatives identify, document, and promote neglected and marginalized
products and their associated biocultural and gastronomic value (Nabhan et al.,
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2010). In this chapter we discuss aspects of SF’s approach to what it calls ‘en-
dangered food products’. While this term overlaps in its meaning with NUS, it
refers to a broader domain than the latter, as we will illustrate. Our focus is on
the systems-based approach and the underlying values of SF’s global biodiversity
projects.

Defining endangered products

The Ark of Taste, coordinated by the SF Foundation for Biodiversity, is an online
catalogue of endangered varieties, breeds, and processed products from cultures
and territories around the world (for more information on the Foundation, see
www.fondazioneslowfood.com/en/). The criteria that products must satisfy for
inclusion on the Ark help define the “ecogastronomic unit of concern” (Nabhan
et al., 2010).

First, items must be food products, including domesticated plant varieties and
animal breeds, populations, wild species, and processed products. Second, Ark
products must be of distinctive organoleptic quality. This criterion points to
one of SF’s distinguishing features, its concern with pleasure and ‘good taste’,
which implies affording as much importance to what ‘tastes good’ as to what is
healthy. ‘Quality’ is defined within the relevant local context; understanding the
factors that contribute to perceptions of quality requires intercultural dialogue,
and pleasure is often what brings people into the conversation. Third, Ark prod-
ucts must be linked to a specific territory and the memory, identity, and tradi-
tional knowledge of a particular community. This underscores the importance
of landscapes and ‘foodscapes’, the human-natural systems in which the cultural
and ecological values of the ecogastronomic unit (the product) take shape and
acquire meaning, and where traditional knowledge and management practices
are created, maintained, and transmitted (Stepp et al., 2003; Barthel et al., 2013).

Finally, Ark of Taste products must be produced in limited quantities and at
risk or endangered due to various social, economic, and ecological factors. These
factors include habitat degradation and land use conversion, forced or volun-
tary migration, sedentarization of mobile populations, lack of intergenerational
knowledge transfer, barriers to market entry, one-size-fits-all hygiene regula-
tions, climate change, environmental and genetic pollution, incentives to adopt
improved or foreign varieties and breeds, changing sentiments due to education
and the media, and the general mechanization, industrialization, and standardi-
zation of the food system.

Looking at these criteria, there are key similarities and differences between
SF’s concept of endangered food products and the various working definitions of
NUS (as elaborated, e.g., in Delétre et al., 2013). Among the important differ-
ences are that, for SF, the local is privileged over the global, the ‘what’ (i.e., the
unit of concern) is more broadly defined, and the ‘why’ is motivated primarily by
questions of culture and identity rather than unrealized market potential. These
differences have a number of important implications, as elaborated on below.
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Locating endangered products

SF relies on the wisdom of the crowd—its global network of farmers, fishers,
herders, artisans, cooks, educators, academics, activists, Indigenous Peoples, and
consumers—to identify endangered products. Ark of Taste products most often
result from nominations submitted by people across the globe who may or may
not be formally associated with the SF network. If a nominated product meets the
criteria described above, it is boarded on the Ark to raise awareness and increase
its visibility; individuals and communities can then take action, in their own way
or through the implementation of other SF projects. In other cases, Ark products
arise from biodiversity mapping undertaken by members of the network with
technical support from SF and local experts, or by SF staff during field visits. Map-
ping is one of the methodologies that appear in the literature on NUS (e.g., Will,
2008), though the order of the steps involved, the elements to be mapped, and the
justifications for selecting certain products differ slightly in the SF approach.

Critically, SF does not select products in advance; it works to support and
facilitate the efforts of communities in its network, not set an agenda for them.
Likewise, SF does not undertake field research or projects in a territory without
being invited. This approach seeks to put technical support, networking capacity,
and scientific knowledge at the service of local communities, not merely supple-
ment research and development with those communities’ traditional knowledge
and solicit their input and involvement. In addition to products themselves, SF
maps stakeholders within the foodscape. These could be farmers, processors, civil
soclety institutions, tourism and hospitality organizations, and markets. Without
understanding this constellation of stakeholders, and particularly how it links
rural and urban areas, identifying and promoting endangered products is rarely
fruitful. Likewise, it is impossible to promote products according to SF’s values
without interest and commitment from local communities.

Protecting and promoting endangered products

While ‘protecting’ and ‘promoting’ serve and create opportunities for each other,
there is potential for opportunities to become threats (Will, 2008), such as when
resource use and market attention become too intense in relation to one prod-
uct at the expense of other endangered products and the environment. There-
fore, economic potential alone is insufficient to warrant SF’s attention, and when
it comes to such potential, emphasis is primarily on local economies and food
sovereignty rather than the global market and food security. SF challenges the
assertion that global food production must increase 50%—-100% by 2050 (Foley
et al., 2011; FAO, 2019). Calls to drastically increase production are used to jus-
tify a progressist narrative of growth, liberal trade, and technological fixes, the
disastrous consequences of which are evident (Ghosh, 2010; Tomlinson, 2013;
Hunter et al., 2017). Feeding everybody while protecting biocultural diversity
and maintaining production potential in the long term requires multiple local
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strategies tailored to local complexities (Cunningham et al., 2013). Moreover,
though small-scale production alone is insufficient, it is absolutely necessary
for achieving these goals—such production already feeds a huge proportion of
humanity while simultaneously supporting ecosystem services and high levels of
biodiversity (Ricciardi et al., 2018).

With these issues in mind, the SF Foundation for Biodiversity has developed
several projects to promote traditional and endangered products—such as those
on the Ark of Taste—and their associated biocultural contexts within a broad
view of promotion as a means for protection. For example, the Gardens in Africa
project is a continent-wide network of school and community gardens designed
to protect traditional varieties of plants and promote nutrition and knowledge
transfer using gardens as productive and educational spaces. Subsistence is rarely
‘mere subsistence’. The importance of subsistence agriculture for biodiversity
conservation, nutrition and dietary diversity, and food sovereignty based on
access to wild and cultivated traditional foods—particularly among poor and
Indigenous communities—is well documented (Kuhnlein and Receveur, 1996;
Roche et al., 2008; Galluzzi et al., 2010; Jones et al., 2014; Powell et al., 2015).

The SF Presidium project, a more market-oriented initiative, supports groups
of producers committed to reviving or revitalizing endangered products. The SF
Foundation provides training and technical assistance and works with produc-
ers to create production protocols similar to those for products with Protected
Designation of Origin or other geographical indications, but designed to foster

FIGURE 18.1 Women of the Chiapas Milpa SF Presidium (Mexico) processing corn.

Source: Gabriela Sanabria, SF Archive (used with permission).



220 Charles Barstow et al.

flexibility, innovation, and subtle differences between producers, all in the spirit
of subverting standardization (Friedman and McNair, 2008). Presidia raise the
visibility of these products on the market and producers may legally use SF’s reg-
istered snail logo, which has become a highly regarded seal of approval for good,
clean, and fair foods. Furthermore, Presidia use narrative labels to highlight each
product’s connection to a particular territory and the knowledge of producers,
replacing the ‘fast’ reading of traditional certifications and label texts with the
‘slow’ reading of biocultural contexts.

One distinguishing feature of SF Presidia is their increasing focus on systems
of production rather than single products. An example of this is the recently
launched Presidium for the Chiapas Milpa System, which uses agroecology to
grow several Ark of Taste products, supports the reproduction and sharing of
traditional seeds and knowledge, and empowers women involved in producing
and marketing traditional corn products. Another example is the Presidium for
dried nettles (Urtica massaica) from Kenya’s Mau Forest. The Gikuyu and other lo-
cal Indigenous communities use nettles as food and medicine for themselves and
their livestock. Because deforestation has reduced the availability of wild nettles,
Gikuyu women have brought them into cultivation in disturbed areas around
dwellings and the fertile soils of formerly grazed land. The Presidium assists with
production and promotes both fresh and dried powdered nettles in restaurants
and in local and regional markets.

Beyond NUS

As some NUS literature points out, value addition can be key for bringing mar-
ginalized foods to wider markets (Will, 2008; Padulosi et al., 2013). SF takes
this a step further, considering processed products like cheeses, honey, and cured
meats. The importance of traditional knowledge, techniques, and technologies
associated with these products is clear. What may be less apparent is the biodi-
versity and cultural value of non-food species behind these products, including

FIGURE 18.2 Women of the Mau Forest Dried Nettle SF Presidium (Kenya) harvest-
ing and processing nettles.

Source: Oliver Migliore, SF Archive (used with permission).
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bees, forage plants, and microorganisms responsible for fermentation. Promoting
such products can contribute to the protection of these species, their habitats, and
their associated ecosystem services. Two examples help clarify this. Honey is vi-
tally important to the gastronomy of the Ogiek, another Indigenous community
of the Mau Forest. Many of the melliferous species upon which local bees rely,
while inedible to humans, provide materials for tools and beekeeping equipment.
One is Dombeya torrida, known locally as silibwet, a sacred tree that yields the
Ogiek’s most valued honey (Zocchi et al., 2020). The Ogiek Honey Presidium
helps protect this tree and the Mau Forest ecosystem generally.

Another example is the relationship between forage plants and the qualities
of dairy products. Sahrawi nomads in Western Sahara know exactly how the
plants that camels eat affect the sensory and nutritional qualities of their milk,
and believe that this milk retains the medicinal properties of the plants ingested
(Volpato and Puri, 2014). Similar observations have been made by Raika camel
herders in Rajasthan (Kohler-Rollefson et al., 2013), whose milk is an Ark of
Taste product. In Europe, the astonishing diversity of mountain cheeses results
directly from biophysical variation across mountain pastures. Promoting these
cheeses and their value chains could help reduce agricultural abandonment, which
threatens landscape diversity and traditional cultures (MacDonald et al., 2000).
SF has recently promoted natural cheeses (those produced with raw milk and
natural fermentation) across Europe. Such cheeses have increased organoleptic

FIGURE 18.3 Men of the Ogiek Honey SF Presidium (Kenya) harvesting honey from
a traditional log hive.

Source: rootsofafrika.co, SF Archive (used with permission).
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FIGURE 18.4 Coazze Cevrin, a cheese from the Alps of Northwest Italy, is made
from the raw milk of cows and goats. It is produced only during the
months when the animals graze in the mountains. The Coazze Cevrin

SF Presidium protects not only the cheese itself, but also the use of
natural fermentation starters, the future of the endangered Bara cattle
breed (listed on the Ark of Taste), and the Alpine pastures where the
animals graze.
Source: Valeria Necchio (image 4a) and Paolo Andrea Montanaro (image 4b), SF Archive (used
with permission).

complexity that reflects the specific communities of microorganisms in the pas-
tures and dairy facilities where they’re produced, and their producers are not
beholden to companies that make and distribute selected fermentation cultures.

These examples refer to landscapes that produce little or no plant-based food
for humans, but whose biocultural diversity and contributions to ecological
structure and function are worthy of attention. Food can be an effective entry
point and rallying cry in this regard.

Conclusions

Over the last three decades, parallel to concerns about the sustainability and eq-
uitability of the global food system and its effects on biodiversity, SF has devel-
oped a grassroots approach that identifies food systems as both cause and victim
of the current ecological crisis, as well as a potential solution. Recognizing that
protecting and promoting endangered food products and NUS is insufficient on
its own, SF addresses the wider sociocultural and ecological systems of which
these products are a part. Social movements, institutional initiatives, and policies
must emphasize and rigorously defend the inherent value of these systems. This
means using the market in service of these values, not the other way around, and
it requires leaving decision-making power in the hands of local communities so
that they don’t become dependent on market channels over which they have no
influence. While global logistics and communications make it increasingly easy to
promote and market NUS, endangered foods, dietary diversity, and local, seasonal
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produce in cities and the Global North—which is desirable—such promotion
must never come at the cost of failing to protect these things where they already
exist in rural areas and the Global South. Furthermore, financial and other bene-
fits must be returned to and shared with communities. The task, then, is to create
a new gastronomy that incorporates biodiversity, cultural diversity, and tradi-
tional knowledge into agricultural systems and foodscapes, both rural and urban,
and that generates markets and networks of solidarity that incentivize and derive
pleasure from these diversities, while recognizing their full value.
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CONSERVATION AND UTILIZATION
OF SMALL MILLETS GENETIC
RESOURCES

Global and Indian perspectives

Kuldeep Singh, Nikhil Malhotra, Mohar Singh

Introduction

Underutilized crop genetic resources are imperative for sustainable agriculture
and small millets belong to this important group of crops (Vetriventhan and
Upadhyaya, 2019). Plant genetic resources play a significant role in enhanc-
ing the adaptation and resilience of agricultural production systems. With the
global population expected to reach 9.8 billion by 2050, there is an urgent need
to enhance food production by 60%—-70% from the current level. The Green
Revolution signified an immense transformation in agriculture in the form of
a broad spectrum of species, including locally adapted cultivars and landraces,
which are needed to harness livelihood potential to cope with extreme climatic
conditions, marginal lands and other biotic and abiotic stresses along with nu-
tritional security (Fita et al., 2015). The Indian subcontinent is bestowed with
an immense wealth of agrobiodiversity, which can be utilized to take up this
challenge. One such group of vastly promising crops is that of small millets.
This group is represented by six species viz. finger millet (Eleusine coracana L.
Gaertner), kodo millet (Paspalum scrobiculatum L.), foxtail millet (Setaria italica L.
Pal), little millet (Panicum sumatrense Roth ex Roemer and Schultes), proso millet
(Panicum miliaceum L.) and barnyard millet (Echinochloa crusgalli and E. colona L.
Link) that have climate-smart features (Saxena et al., 2018).

The cultivation of small millets in India has progressively deteriorated over
the last few decades due to their lower economic worth compared to major
cereals and, lately, to horticultural crops. This has resulted from a variety of
factors including the lack of high-yielding varieties, good quality seed, better
cultivation practices, proper food processing technologies and poor value-chains
(Upadhyaya and Vetriventhan, 2017). Overcoming these major bottlenecks
can allow economically viable opportunities for farmers in areas where the
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production of major cereals like rice, wheat and maize may be steadily declining
due to climate change. In such scenarios, small millets offer a better alternative,
as these are known to possess tremendous nutritional benefits. Overall, time de-
mands immediate thrust for directing more research and development towards
these crops.

Present status of conservation of small millets

Globally, the largest ex situ germplasm collections of small millets are
maintained by the Consultative Group on International Agricultural Research
at the International Crop Research Institute for Semi-arid Tropics (ICRISAT)
in Hyderabad, India, for long-term conservation. The ICRISAT gene bank
conserves more than 12,000 accessions of six small millets (finger millet, barnyard
millet, foxtail millet, proso millet, little millet, kodo millet and proso millet). The
majority of these accessions belong to finger millet (5,947 accessions) followed by
foxtail millet (1,542 accessions) (http://genebank.icrisat.org/IND/Core?Crop=-
Finger%20millet). Other than the ICRISAT gene bank, small millets germplasm
is also conserved in national gene banks across the world. Three gene banks
viz. the National Bureau of Plant Genetic Resources, New Delhi, India, and
the national active germplasm site at the All-India Coordinated Small Millet
Improvement Project (AICSMIP), Bengaluru; the national gene bank of the In-
stitute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing,
China; and the gene bank of the United State Department of Agriculture main-
tain more than 15,000, 22,000 and 4,000 small millets accessions, respectively.
Most of these collections are dominated by accessions belonging to finger millet
and foxtail millet (Saha et al., 2016). A survey of these collections indicates that
although the hot spots of small millets are well represented, gaps exist for wild
and weedy relatives belonging to secondary and tertiary gene pools; for example,
wild and weedy species constitute less than 10% of finger millet and foxtail millet
global germplasm collections (Upadhyaya and Vetriventhan, 2017). Therefore,
it is necessary to investigate these gaps and augment these collections with wild
and weedy relatives harboring genes for biotic and abiotic tolerance along with
agronomic and nutritional traits.

Germplasm characterization and evaluation

Small millets germplasm contains significant variations for agro-morphological,
quality and stress tolerance traits, and promising germplasm sources have been
reported amongst them. A large-scale phenotypic characterization across the
globe has revealed extensive genetic variations for traits of economic importance
in germplasm collections. More successful utilization of these collections relies
on their wide evaluation for agronomic traits in multiple locations exhibiting
high genotype x environment interactions. However, multi-location evaluation
of large collections is resource consuming and a constraint to obtain reliable
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phenotypic data for economic traits to identify trait specific accessions. In addi-
tion, for adequate assessment of grain quality and stress tolerance of a wide array
of genetically diverse material, it is necessary to reduce the potential number of
accessions requiring evaluation. Their use can be enhanced by developing a ‘core
collection’ of reduced sample size, which represents the complete genetic spec-
trum of the base collection. By virtue of its reduced size, the core collection can
be precisely evaluated for economic traits in replications under multiple locations
for identification of trait-specific accessions. Germplasm diversity representative
subsets (core and mini-core collections) have been developed and evaluated in
small millets for agronomic and nutritional traits.

Agronomic traits

Small millets germplasm conserved globally exhibit a wide range of variations
in yield and other important agronomic traits. Extensive genetic variations have
been reported in core and mini-core collections of small millets developed at
ICRISAT. The multi-location evaluation of finger millet core and foxtail millet
mini-core collections in India led to the identification of diverse accessions with
earlier maturity, higher tillering, larger grain size and higher grain yields than
existing control cultivars (Upadhyaya et al., 2011a, b). Likewise, an evaluation of’
the barnyard millet core collection in the Himalayan region identified promising
trait donors for earliness, basal tillering, smut resistance and grain yield (Sood
et al., 2015). In proso millet and little millet, a wide variation for morphological
traits and trait-specific sources for productivity have been observed (Vetriven-

than and Upadhyaya, 2016, 2018).

Nutritional and nutraceutical traits

Core and mini-core collections of small millets have been characterized for grain
micronutrients and protein contents. The finger millet mini-core collection has
large variations for grain iron (1.71-65.23mg/kg), zinc (16.58-25.33 mg/kg), cal-
cium (1.84-4.89 g/kg) and protein (6.00-11.09%) contents (Upadhyaya et al.,
2011b). Likewise, substantial genetic variations for grain calcium (90.3-288.7 mg/
kg), iron (24.1-68.2 mg/kg) and zinc (33.6-74.2 mg/kg) have been reported in
the mini-core collection of foxtail millet (Upadhyaya et al., 2011a). Wide genetic
variations for iron (41-73 mg/kg), zinc (26—47 mg/kg) and calcium (91-241 mg/
kg) have been reported and trait-specific donors have been identified in global
proso millet germplasm collections (Vetriventhan and Upadhyaya, 2016).

Biotic stresses

Among various biotic stresses, blast in finger millet and foxtail millet, grain
smut and sheath blight in little millet and barnyard millet, and sheath blight and
bacterial spot in proso millet are important diseases affecting their production
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worldwide. These diseases are economically very destructive and are reported
to cause over 50% yield losses (Esele and Odelle, 1995). The identification of
trait-specific robust resistant sources is the most economic disease-management
strategy to overcome such constraints. Mini-core collections have proven to
be excellent reservoirs of resistant sources against many of these diseases. In
finger millet, a screening of mini-core collection in both field and glasshouse
conditions identified 66 accessions with combined resistance to leaf, neck and
finger blast (Babu et al., 2013). Similarly, 21 accessions exhibiting resistance to
neck and head blast under field evaluation and 11 accessions exhibiting seedling
leaf-blast resistance in controlled conditions were identified in the core collection
of foxtail millet (Sharma et al., 2014). In barnyard millet, accessions of Japanese
E. esculenta germplasm were reported to have a strong immune response to grain
smut, while a multi-location screening of Indian E. frumentacea germplasm did
not yield favorable results (Gupta et al., 2010a). However, some landraces of E.
frumentacea from Karnataka and Bihar are reported to have low grain-smut resist-
ance (Gupta et al., 2010b).

Abiotic stresses

Small millets are suggested crops for drought-hit, marginal and fragile ecosys-
tems. Substantial genetic variations for drought (Krishnamurthy et al., 2016a, b)
and salt tolerance (Krishnamurthy et al., 2014a, b) have been reported and trait-
specific sources have been identified in mini-core collections of finger millet and
foxtail millet. Finger millet accessions (IE5201, IE2871, IE7320, IE2034 and IE
3391) belonging to mini-core collections are reported to exhibit higher root and
shoot growth at the seedling stage under low phosphorus stress (Ramakrishnan
et al., 2017).

Development of elite cultivars towards germplasm improvement

The ex situ germplasm collections across the world have a huge impact in terms
of genetic improvement for yield enhancement and tolerance to various biotic
and abiotic stresses. Among the six subtypes, proso millet is the most important
species where germplasm augmentation has a major impact on enhancing pro-
ductivity through cultivar development in the USA (Habiyaremye et al., 2017).
Out of the 15 proso millet cultivars, nine were direct selections from the adapted
landraces preserved in the USDA gene bank (Rajput and Santra, 2016). Similarly,
in Africa, where systematic breeding efforts are limited, elite landraces of finger
millet have been released as cultivars in Tanzania (Upadhyaya and Vetriven-
than, 2017). Likewise, in India, the active germplasm collection of AICR P-small
millets, Bengaluru, has a major impact on promising cultivar development for
different agro-climatic zones of the country. So far, a total of 272 varieties in the
six small millets have been released in the country and a majority of them are the
pure line selections from promising germplasm lines of indigenous and exotic
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origins. Apart from pure line selection, the utilization of promising germplasm
lines in recombination breeding has resulted in many high-yielding cultivars
and new plant types in small millets. In a report by Upadhyaya and Vetriventhan
(2017), hybridization between trait-specific donors followed by pedigree selec-
tion has remained the main breeding method for foxtail improvement in China
since 1970s, which has resulted in the development of more than 870 cultivars.
Towards the development of new plant types, isolation of awnless semi-dwarf
genotypes of Japanese barnyard millet (E. esculenta) is a promising endeavor from
the Vivekananda Parvatiya Krishi Anusandhan Sansthan (VPKAS) in Almora, In-
dia. These awnless derivatives with reduced plant height and great fodder potential
are affirmative initiatives for improvement of barnyard millet (Sood et al., 2015).

Breeding advancements

Yield and yield-contributing parameters are the most targeted traits in the im-
provement of small millets. Germplasm collections exhibiting substantial variation
for various traits, including maturity duration can be subjugated to breed tailored
cultivars as per eco-geographical conditions (Upadhyaya et al., 2014; Vetriven-
than and Upadhyaya, 2018; Vetriventhan and Upadhyaya, 2019). Hybridization
to generate variability followed by assortment in segregating population has
been a major breeding method in small millets especially in finger millet, foxtail
millet and proso millet. In finger millet,