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Abstract: Calls for a global food system transformation and finding more sustainable ways of
producing healthier, safe and nutritious food for all have spurred production approaches such as
sustainable intensification and biofortification with limited consideration of the copious amounts of
orphan crops, traditional varieties and wild edible species readily available in many countries, mostly
in and around smallholder farmers’ fields. This paper explores the potential role of locally available;
affordable and climate-resilient orphan crops, traditional varieties and wild edible species to support
local food system transformation. Evidence from Brazil, Kenya, Guatemala, India, Mali, Sri Lanka
and Turkey is used to showcase a three-pronged approach that aims to: (i) increase evidence of the
nutritional value and biocultural importance of these foods, (ii) better link research to policy to ensure
these foods are considered in national food and nutrition security strategies and actions, and (iii)
improve consumer awareness of the desirability of these alternative foods so that they may more
easily be incorporated in diets, food systems and markets. In the seven countries, this approach has
brought about positive changes around increasing community dietary diversity and increasing market
opportunities for smallholder growers, as well as increased attention to biodiversity conservation.

Keywords: orphan crops; neglected and underutilized species; wild edibles; biodiversity; food
composition; nutrition; policy
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1. Introduction

Global food production is at a critical juncture. According to the Food and Agriculture Organization
of the United Nations (FAO), the world produces food in sufficient quantity to satisfy global food
demand [1]; yet, in 2017, an estimated 821 million people in the world still lacked sufficient food to
lead an active and healthy life [2]. Globalization, market and trade forces, as well as years of research
and agricultural subsidies targeting productivity growth, have skewed crop production towards a
handful of crops that can be grown to scale in the world’s main breadbasket regions: India, USA,
Russian Federation, China and Brazil [1]. Wheat, rice and maize now dominate global markets,
contributing 51% of the world’s caloric intake and underpinning global diets that are becoming
increasingly homogenous [3], much like the landscapes in which they grow [4]. Market incentives to
grow these crops are such that in many parts of the world farmers have replaced traditional crops
with these commodities. However, these crops alone are unable to support healthy and balanced diets.
Research by Krishna Bahadur KC et al. [5] comparing modern food-based dietary guidelines with
agricultural production statistics highlighted that our food systems are overproducing energy-dense
foods, such as sugar, grains, fats and oils, while other studies show that there is insufficient production
of protein-rich food and fruits and vegetables [6,7].

Growing commodity crops in sufficient quantity to meet rising demands for food has also
come at the expense of agriculture’s natural resource base and wider planetary systems [8] and is
threatening its future production potential. Monocultures use large quantities of external inputs,
such as pesticides and fertilizers, while conversion to agriculture is the main cause of deforestation,
soil erosion, greenhouse gas emission and ecosystem pollution [8]. Food production systems are also
major causes of biodiversity loss—including loss of agricultural biodiversity—as the recent State of the
World’s report on Biodiversity for Food and Agriculture [4] and the 2019 Global Assessment Report
on Biodiversity and Ecosystem Services [9] remind us. Of the different earth ecosystem components
assessed in the sixth Global Environment Outlook (GEO 6) report, biodiversity health is considered
the most affected by environmental degradation, with negative repercussions on the resilience of
ecosystems, including agricultural systems and food security [10]. Highlighted in these reports is
the rapid decline and global disappearance of many local varieties of domesticated plants and crop
wild relatives, many of which are underutilized and are maintained by custodian farmers exclusively
for home consumption or for informal trade [11–13]. Those species and varieties, domesticated,
semi-domesticated or wild, that are being cultivated, traded and maintained mainly by farmers, and
which have been marginalized by specialized modern agricultural production systems and science,
are referred to in this paper as “orphan crops”. Efforts to conserve and use these plant genetic
resources for sustainable agriculture, food systems and sustainable and healthy diets are mostly
local and poorly connected to each other [4,14]. They nevertheless have a tremendous potential to
redress key challenges in sustainable development, viz., vulnerability of production systems to climate
change, disempowerment of vulnerable groups (women and indigenous peoples), widespread poverty,
shrinking food biodiversity and pervasive malnutrition [14–16].

The quest to achieve as many of the sustainable development goals (SDG) as possible by the
target date of 2030 [17] and, particularly, SDG2, has prompted scientists and practitioners to think of
innovative ways of increasing the supply of sufficient quantities of safe and nutritious food for current
and future generations without undermining the environment. One of these ways—which is slowly
gaining traction in international agendas—is to make greater and better use of the abundance and
diversity of orphan crops and wild edible plant species in agriculture, food systems and supply chains
while exploring creative approaches that increase consumer demand and desirability for these plant
genetic resources. Starting with the Rome Declaration on Nutrition [18] and Recommendation 10 of the
Framework for Action [19] adopted in 2014 during the Second International Conference on Nutrition
(ICN2), which reads “Promote the diversification 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 management practices”,
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increasingly more UN agencies, along with Agriculture, Nutrition and Health think tanks, acknowledge
the important role biodiversity plays in supporting sustainable food systems and balanced diets.
In 2016, the General Assembly of the United Nations (UNGA) proclaimed the UN Decade of Action on
Nutrition (2016–2025) [20], calling upon the FAO and the World Health Organization (WHO) to lead its
implementation, in collaboration with the World Food Programme (WFP), the International Fund for
Agricultural Development (IFAD) and the United Nations Children’s Fund (UNICEF). Specific attention
to biodiversity mainstreaming for food and nutrition was accorded by several UNGA Resolutions [21],
as well as by the World Health Assembly (WHA) [22], which supports policies that promote the
increased use of healthy local agricultural products and foods. In 2020, the Committee on World Food
Security (CFS), which sits at the science-policy interface, is set to launch the Voluntary Guidelines on
Food Systems and Nutrition, which are particularly supportive of local food systems and the need to
sustainably utilize cultivated and non-cultivated diversity [23].

Priority actions being advocated for making these species available to consumers include: directing
increased research investments to explore their climate resilience and nutritional characteristics;
providing greater support for their mainstreaming in food security policies and programs (e.g.,
public procurement); encouraging their use to diversify farming systems and create more biodiverse
landscapes and healthier ecosystems and upgrading their value chains and markets to ensure their
continued and sustainable use [4,24,25].

Brazil, Kenya, Guatemala, India, Mali, Sri Lanka and Turkey are setting the pace in terms of
exploring the potential role of locally available, affordable and climate-resilient orphan crops and
wild edible species to support local food system transformation. With funding from the Global
Environment Facility (GEF), the International Fund for Agricultural Development (IFAD) and the
European Commission (EC), among other donors, Bioversity International—under its Healthy Diets
from Sustainable Food Systems Initiative—has supported the seven countries in prioritizing a select
range of nutritious orphan crops and wild edible species and placed them at the center of a holistic
food system approach that considers both the production and consumption extremes of the food
value chain. Within this initiative, the Local Agri-Foods Program sets out to deploy underused local
agrobiodiversity to diversify the diets of vulnerable communities and provide a rich source of naturally
available nutrients all year round. Following a brief overview of the methodology used, the paper will
focus on the three-pronged approach that the countries used to: (i) increase evidence of the nutritional
value and biocultural importance of these foods; (ii) better link research to policy to ensure these
foods are considered in national food and nutrition security strategies and actions; and (iii) increase
awareness of the desirability of these alternative food options among consumers so that they may more
easily be incorporated in diets, food systems and markets (Figure 1).
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Although the methodology and approaches have been described in greater detail in other
publications for the GEF-supported Biodiversity for Food and Nutrition (BFN) Project [26–28] and
for the IFAD Project [25,29,30], this is the first time the authors attempt to pull together the portfolio
of work carried out by Bioversity International and its partner countries to diversify food systems
using orphan crops, traditional varieties and wild edible species. Table 1 below provides an overview
of the countries’ focus by pillar, followed by the indicative length of implementation and budget
investments. While it is understood that implementation of the approach may involve significant
resources, countries with lower funding levels (e.g., Kenya) were able to successfully implement the
full approach by reducing the scope of work, trimming down the number of target species and project
sites and leveraging additional national and international resources for project activities.

Table 1. The table indicates the project timeframes and level of investment used by countries to
implement the three-pronged approach to mainstream biodiversity for food and nutrition.

Increasing
Evidence

Linking Research
to Policy and

Markets

Raising
Awareness

Time Frame
(Years)

Project Budget
(US$ Million)

Country
Co-Financing
(US$ Million)

Brazil X X X 7 1.72 59.61

Kenya X X X 7 0.22 0.24

Sri Lanka X X X 7 0.83 1.03

Turkey X X X 7 1.04 2.26

India X X X 5 0.90 0.40 *

Guatemala X X X 5 0.33 0.13 *

Mali X X 5 0.36 0.13 *

* Co-financing mobilized from country and other supporting agencies.

Over several years, the countries have generated scientific evidence of the nutritional value of
188 orphan crops and wild edibles species and achieved positive changes around improving community
dietary diversity, increasing market opportunities for smallholder growers and gaining increased
attention for biodiversity conservation and climate-smart agricultural practices. The paper concludes
by identifying global opportunities to create momentum around the conservation and use of orphan
crops and wild edible species for sustainable agriculture, diversified food systems and sustainable and
healthy diets.

2. Background

The extraordinary diversity of ecosystems and food species that Brazil, Kenya, Guatemala, India,
Sri Lanka and Turkey support made these countries ideal candidates for the interventions established
under the different funding mechanisms outlined above. With the exception of Mali (Mali was chosen
in response to a specific request made by IFAD to support one of its agricultural investment programs
operating in the country, focusing on enhancing and leveraging local agrobiodiversity to support
nutrition, climate change and income outcomes), the six other countries are among the highest in terms
of species richness and endemism. Despite this natural abundance, they suffer alarming rates of one or
more forms of malnutrition (Table 2). At the same time, the native edible biodiversity that they harbor,
both wild and cultivated, is threatened by environmental pressures or lack of use.
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Table 2. The table shows the countries’ respective ranking according to the Convention on
Biological Diversity’s (CBD’s) Biodiversity Index and the Global Hunger Index. It also captures
the multidimensional nature of hunger, where overweight and stunting often occur in the same
population, despite the high levels of biodiversity.

Country Biodiversity
Index Rank *

Global Hunger
Index Rank ** Malnutrition ***

Prevalence of
Overweight (in

Women +18 Years)

Prevalence of
Anemia in Women

(15–49 Years)

Prevalence of
Stunting (Children

<5 Years)

Brazil 4 18 55.4% 27.2% 7%
Guatemala 17 72 59.9% 16.4% 46.7%

India 18 102 21.6% 51.4% 37.9%
Kenya 44 86 34.3% 27.2% 26.2%
Mali 140 83 35.1% 51.3% 30.4%

Sri Lanka 36 66 27.4% 32.6% 17.3%
Turkey 70 1–17 69.3% 30.9% 9.9%

* NBI—The National Biodiversity Index of the Convention on Biological Diversity is based on estimates of country
richness and endemism in four terrestrial vertebrate classes and vascular plants. Vertebrates and plants are ranked
equally. Index values range between 1.000 (maximum: Indonesia) and 0.000 (minimum: Greenland). The NBI
includes adjustments allowing for country size. The values shown are expressed over 161 countries. Countries with
land area less than 5000 km2 are excluded [31]. ** 2019 Global Hunger Index. Based on 117 countries ranked on a
100-point GHI Severity Scale, where 0 is the best score (no hunger) and 100 is the worst [32]. *** Global Nutrition
Report country nutrition profiles [33].

Brazil, for example, is one of the 17 most diverse countries in the world, hosting between 15%–20%
of the world’s biological diversity, with the greatest number of endemic species on a global scale [34,35];
yet, micronutrient deficiencies are prevalent, with 27.2% of women of reproductive age suffering from
anemia and 54% of the adult population overweight [36].

At the other end of the spectrum, Mali carries the so-called “triple burden of malnutrition”, in
which hunger, overweight and micronutrient deficiencies coexist in the same population and often
in the same individual across the life cycle. In 2015, 26% of children and adolescents in Mali were
underweight, while an average 27.7% of adults were overweight and 51.3% of women of reproductive
age suffered from anemia [37]. Although the abundance of agricultural biodiversity in the West
African countries is significantly lower than Brazil, a number of nutrient-rich seasonal green leaves,
semi-domesticated crops and wild foods—such as baobab leaves (Adansonia digitata), African locust
beans (Parkia biglobosa), jute mallow (Corchorus olitorius) and amaranth (Amaranth sp.)—could potentially
increase dietary quality, particularly in rural and resource-poor areas [38,39].

One of the immediate causes of malnutrition is either lack of food or the excessive consumption
of calorie-dense, heavily processed foods and/or the insufficient consumption of key foods such
as nutritious fruits, vegetables, nuts and seeds [40]. In the Sikasso region of Mali, rice, millet and
sorghum constitute the bulk of the daily diet, with vegetables consumed in small quantities as a side
dish [41]. Reportedly, less than 200g of vegetables per day per person are consumed, well below
the recommended 400g/day recommended by the World Health Organization [37]. At the same
time, a study by Siegel et al. [6] highlighted that the global and national fruit and vegetable supply
is insufficient to meet the nutritional needs of current and growing populations, urging the global
nutrition and agricultural communities, particularly in low-income countries, to find innovative ways
of increasing fruit and vegetable production and consumption to meet population health needs.

One approach, which the seven countries embraced, is to better harness local agricultural
biodiversity, including orphan crops and wild species, which are equally or often nutritionally superior
to exotic crops [26,42,43], as well as being more resistant to biotic and abiotic stresses [44]. However,
a number of barriers exist to the successful integration of orphan crops and wild edible species
in food systems. These can be summarized as: (i) limited and fragmented data available on their
nutritional value and potential benefits; (ii) limited capacity (technical, structural and financial) and
research partnerships to fill this knowledge gap and generate more evidence; (iii) disabling policies
and regulatory frameworks that fail to encourage the greater production and consumption of food
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biodiversity; (iv) unfavorable trade policies and poorly developed markets and infrastructure; (v) low
consumer awareness and negative perceptions associated with their consumption and (vi) limited
awareness and understanding of the nutrition, environmental and economic benefits that could arise
by mainstreaming biodiversity for food and nutrition [45–47]. The sections below provide some
insights on how these barriers were tackled through multi-stakeholder collaborative efforts realized by
Bioversity International and its partners in Central America, Africa and South Asia over the last few
years. As explained in greater detail in Section 3.2, although not easy to establish, multi-stakeholder
policy platforms can make use of pre-existing frameworks, such as the ones established in Brazil under
the Zero Hunger program [48], or be created from scratch, building on the momentum of national and
international efforts to tackle malnutrition or biodiversity conservation, to develop biodiversity-sensitive
school-feeding policies/programs [49] or a nutrition-sensitive biodiversity conservation plan (e.g., the
Busia County Biodiversity Policy [50]).

3. Materials and Methods

3.1. Assessing Available Food Diversity

Trimming down the large amount of edible biodiversity that is present in each of the countries to
a manageable sample size required an initial understanding of the breadth of this diversity, as well as
national consensus on the desirable traits for selection. In the case of the BFN, in the project’s preparatory
phase, countries had undertaken a set of background studies and literature reviews revealing that
information was present but mostly scattered across information sources and incomplete [28]. Only
for Brazil had attempts been made to prioritize existing biodiversity for food and nutrition under
the Plants for the Future (PFF) initiative spearheaded by the Ministry of the Environment. PFF had
singled out 674 species of potential economic value across its five ecoregions (i.e., South, South–East,
Central, North and North–East), of which 41 were edible. Kenya, Sri Lanka and Turkey had to carry
out extensive literature reviews, ethnobotanical assessments and focus group discussions with key
informants, as well as convening national experts, to prioritize the most appropriate species to include
in the interventions [28].

Surveys were also used to capture traditional knowledge related to the species, as well as
local names; habitats; parts used; specific uses (fruit, vegetable, staple, etc.) and users (by gender);
seasonality; preparation and conservation and availability. Traditional knowledge, which is recognized
by SDG Target 2.5 as underpinning the conservation and management of biodiversity and local and
indigenous food production systems [14], is itself threatened by the loss of traditional lifestyles and food
cultures, following rapid urbanization and the industrialization of agriculture and food processing [4].
In Turkey, market surveys targeting local plant collectors, sellers and consumers in three different
ecogeographic regions helped gather information on 43 wild edible species, including mushrooms
and landraces [26,28], while interviews with quilombola communities living in the Central–West and
North–East regions of Brazil helped document traditional knowledge on the use of 16 native fruit
species, such as the native dwarf cashew (Anacardium humile), which is eaten as a fruit, as well as
a nut, by local communities. The continued cultivation of orphan crops, such as different cowpea
varieties (Vigna unguiculata), in Turkey continues mostly thanks to women who use these ingredients
in traditional dishes [28].

In Mali and Guatemala, seasonal agrobiodiversity assessments and consultations with local
communities focused on existing food plant diversity (wild and cultivated), related uses and the
assessment of climate resilience traits, as perceived by farmers. These investigations revealed a
large diversity of cereals, legumes, fruits and vegetables that could be better leveraged to increase
dietary quality and diversity while contributing to a greater climate adaptation of local production
systems [39,51]. Turkey, whose focus was on wild edible plants, went one step further and developed
a prioritization matrix that considered issues of environmental, economic and market sustainability to
rank the species [28]. Of relevance to the environmental sustainability ranking was the existence of
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national domestication programs targeting the species. This is especially important when dealing with
the increased commercialization of wild plants or fruits to ensure the plants are not overexploited and
their growing habitats maintained. Although lengthy to set up, domestication programs ensure that
farmers have access to good quality seed and can grow the species easily in their fields while reducing
collection pressure on the wild populations. Many such programs are likely already taking place at the
national level, as was the case for the golden thistle (Scolymus hispanicus) in Turkey and for African
indigenous vegetables in Kenya. As interest for these forgotten resources grows, there may be a need
to expand the programs to increase seed production, accompanied by sustainable collection guidelines
where domestication programs cannot be set up.

3.2. Assessing the Quality of Diversity

Within the BFN Project [52], Brazil, Kenya, Sri Lanka and Turkey worked through national
universities and research institutes to determine the nutrient composition of 188 orphan crops and
wild edible species using methodologies developed by the FAO/INFOODS [53] while engaging with
local communities to document traditional knowledge associated with these crops. For example,
spearheaded by the Ministry of the Environment, Brazilian federal universities and research institutes
compiled and generated food composition data for 70 native fruit species, many of which are
wild-harvested, demonstrating their nutritional advantage over more commonly consumed exotic
fruits. In Kenya, the Kenya Agricultural and Livestock Research Organization, working in partnership
with the Ministry of Health and FAO, generated nutritional data on a select number of orphan crops
and semi-domesticated species that are traditionally grown in home gardens or by family farmers.
A full list of research partners and institutes is provided in Hunter et al. [26].

4. A holistic Approach to Diversifying Diets and Markets for Orphan Crops

4.1. Increasing Evidence of the Value of Orphan Crops

Evidence is the first necessary step to transform the enabling environment for biodiversity to
improve nutrition (Figure 1) [47]. It is one of the three main pillars that underpin implementation of the
FAO Voluntary Guidelines for Mainstreaming Biodiversity into Policies, Programmes and National and Regional
Plans of Action on Nutrition, which aim at “addressing malnutrition in all its forms and, specifically, to
promote knowledge, conservation, development and use of varieties, cultivars and breeds of plants and
animals used as food, as well as wild, neglected and underutilized species contributing to health and
nutrition” [54]. Stronger evidence of the nutritional value of biodiversity is also considered by thought
leaders as one of the main areas for aid investment with the greatest untapped potential to support
the reduction of undernutrition and increase dietary diversity, particularly among the poorest, who
depend most on the sustainable use of natural resources [55]. However, limited information exists on
the nutritional value of orphan crops and of the traditional knowledge associated with their collection,
preparation and use. It is estimated that global databases, such as the International Network of Food
Data Systems hosted by the FAO (FAO/INFOODS Food Composition Database for Biodiversity) [56]
and Food Composition Tables (FCTs), capture a meager 1% of the nutritional information of foods
consumed globally, let alone foods derived from local biodiversity [57]. Of the 10,156 foods recorded in
the FAO/INFOODS database, only a modest 3118 (31%) are identified as wild plant and animal foods
(belonging to a total of 1289 species). Of these, 1% are legumes, 4% nuts and seeds, 12% are starchy
roots and tubers and 11% are vegetables [4]. In most cases, data are available for macronutrients and
minerals, whereas vitamin and phytochemical compositions, which are particularly relevant to the
promotion of wild and biodiverse foods, are seldom provided [4]. Food composition analysis carried
out in Brazil as part of the BFN work confirmed that native species such as camu-camu (Myrciaria dubia),
guabiroba (Campomanesia xanthocarpa), mangaba (Hancornia speciosa) and cagaita (Eugenia dysenterica)
contain significantly higher levels of vitamin C compared to oranges, limes and tangerines [26], while
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the native fruits buriti (Mauritia flexuosa), tucumã (Astrocaryum aculeatum) and pitanga (Eugenia uniflora)
are richer in provitamin A carotenoids than more commonly available and consumed fruits (Figure 2).
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Figure 2. 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), tucumã (Astrocaryum aculeatum)
and buriti (Mauritia flexuosa) compared to more commonly available vitamin A-rich fruits. Source:
Brazilian food composition tables [58] and the System on Brazilian Biodiversity (SiBBr) database [59].

Similar results were obtained in Kenya. In the case of African leafy vegetables, results showed that,
compared to cabbage (Brassica oleracea), amaranth (Amaranthus dubius) contained almost 3.5 times as
much beta-carotene equivalent—the primary plant-based source of dietary vitamin A— while Malabar
spinach (Basella alba) contained 13.5 times as much iron [26]. In the same study, investigations into
the nutrient content of different Sri Lankan rice varieties (Oryza sativa), comparisons of finger millet
varieties (Eleusine coracana) across geographic locations and the nutritional analysis of wild edible
plants in Turkey confirmed the high levels of intra- and inter-species diversity that have previously
been reported in literature [60,61]. Table 3 provides a summary of the micronutrient content (important
minerals and vitamins) of target underutilized species generated by food composition analyses in three
of the four BFN countries. These results further highlight the importance of including a wide range of
species and varieties in diets to improve diet quality [62].
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Table 3. The table summarizes the micronutrient content of select underutilized fruits, vegetables and cereals obtained via food composition analyses in Brazil, Kenya
and Sri Lanka. Values are expressed per 100g of raw parts used. Source: Biodiversity for Food and Nutrition (BFN) Species Database [63].

Country Scientific
Name

Common
Name Part Used Ca (mg) Fe (mg) Mg (mg) P (mg) K (mg) Na (mg) Zn (mg) VitA-RAE

(mcg)
ß-Carotene

(mcg)
Vit C
(mg)

Brazil

Astrocaryum
aculeatum Tucumã Pulp, peeled,

raw 129 1.10 62 29 471 6 0.94 808 5191 24.22
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Collectively, the countries have made the single largest contribution to the FAO/INFOODS
database and to broadening global knowledge of the nutritional value of orphan crops and wild edible
species for potential integration into national and global food systems. The leafy vegetable chaya
(Cnidoscolus aconitifolius), an evergreen, hardy shrub that was domesticated by the Mesoamericans
in pre-Columbian times and is typically cultivated on a small scale in gardens and field margins for
household use [64], contains high amounts of several macro– and micronutrients, including protein
(60g per 1kg of leaves), vitamin A, niacin and vitamin C [65]. In Mali, the cereal fonio (Digitaria exilis)
is rich in the amino acids methionine and cysteine [66], while Bambara groundnut (Vigna subterranea),
with its chemical composition comparable to soy bean, is a good source of quality protein, fat and
carbohydrates—enough to be considered a complete food [67,68]. Short growth cycles (for fonio) and
the ability to grow well in resource-poor settings with limited water and minimal external inputs, make
these crops particularly suited for growing in harsh environments, providing important contributions
to food security, especially in times of food scarcity and extreme climate conditions [69]. Despite their
importance, fonio and Bambara groundnut are presently cultivated only at a small scale and have been
displaced by other crops that are better supported by the extension and marketing systems [70–72].
Through complementary investigations on markets and value chains of these climate-smart crops,
farmers and other stakeholders also gained a better understanding of bottlenecks hindering the wider
use of these local crops and acted to address these through multiple measures, as done effectively in
the case of chaya in Guatemala [73].

4.2. Linking Research to Policy and Markets

Once obtained, reliable nutritional data on orphan crops and other nutritious biodiversity can
be used as evidence to inform and shape global and national policies that currently incentivize the
production of cheap, unhealthy food with a large environmental footprint, while minimizing diversity
on farms and in agricultural landscapes [74,75]. This evidence has been recognized as crucial in the
creation of enabling environments that are more conducive to enhancing nutrition and are aimed at
making healthy, diversified and sustainable foods available to all and the easy default choice in local
and global food markets [47].

The process, referred to as “biodiversity mainstreaming”, indicates the “integration of actions that
conserve and sustainably use biodiversity into strategies for production sectors such as agriculture,
fisheries, and forestry” [27]. The approach can either be centralized (top–down), using country
participation in international agreements to align national agendas with international priorities, or
bottom–up, using a decentralized approach to guide national policies towards increasing the amount
of attention, funding, technical and service support for orphan crops to make food systems more
nutritious, while supporting sustainable agricultural practices and links with smallholder farmers.
Both approaches would ideally be needed for the mainstreaming process to be effective and meaningful
across key sectors of society (viz., agriculture, environment, nutrition, health, trade and education) and
economically viable to farmers and all the other value chain actors, including consumers.

The Convention on Biological Diversity (CBD) and its Strategic Plan for Biodiversity 2011–2020 [76]
offers a useful platform to mainstream the conservation and sustainable use of biodiversity for improved
nutrition. The CBD has near-universal participation among countries and explicitly recognizes the
potential of orphan crops and wild edibles to contribute to food systems’ transformations and
improve human health [77]. Sri Lanka is one of the 196 countries that are party to the CBD. It used
evidence generated under the BFN Project on the nutritional importance of 28 traditional edible plant
species and 58 varieties—including traditional rice varieties, cereals, pulses, root and tuber crops and
vegetables—to update and revise its National Biodiversity Strategy and Action Plan (NBSAP) and better
align its national targets with the global targets established by the Strategic Plan for Biodiversity—the
so-called Aichi Biodiversity Targets (a set of 20 time-bound global targets under the Strategic Plan for
Biodiversity 2011–2020) [76]. Data was used to justify and better integrate biodiversity concerns and
nutrition-related objectives into NBSAP targets, so that National Target 2 now reads “Promote and
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mainstream underutilized, lesser-known or neglected food crops, livestock and food fishes, which
provide nutrition” [78]. Strategic partnerships with multisectoral, key-line ministries established under
the BFN Project led to similar results in Brazil, where Strategic Objectives and Targets of the most
recent NBSAP [79] explicitly recognizes the nutritional value of native biodiversity (including orphan
crops and wild edibles) and employs greater information and utilization of native nutrient-rich plant
species as a successful measure of biodiversity conservation. The conservation of biodiversity for food
and nutrition was included as a priority action for Target 13 (Conserve the gene pool) but recognized as
having manifold benefits that directly impact Biodiversity Targets 1 (Understand values), 2 (Mainstream
biodiversity), 3 (Address incentives), 4 (Sustainable production), 7 (Manage within limits), 14 (Restore
ecosystems) and 18 (Respect and conserve traditional knowledge). Furthermore, many targets and/or
initiatives targeting the conservation and sustainable use of native biodiversity were used to guide
Brazil’s Multi-Year Budget Plan (2016–2019). The continued integration of biodiversity research into
national policies has helped establish long-term support for biodiversity as a link between agriculture
and nutrition, translating into increased research funding for the nutritional profiling of orphan crops,
incentives to grow these crops using agroecological practices and encouraging the diversification of
the food supply by increasing their availability in markets.

One of the main policy instruments that has greatly enhanced market recognition for orphan crops
and wild edibles using evidence generated by the BFN is Ordinance 284 (that supersedes ordinance
163/2016) on “Brazilian Sociobiodiversity Native Food Species of Nutritional Value”, which identifies
101 marketable species, mostly wild edible fruits and nuts, and recognizes their key role for food
and nutrition security [80]. The ordinance, jointly developed by the Ministries of Environment and
Social Development, increases farmer incentives to continue growing and managing the species,
which can be sold via two important public procurement programs: the National School Feeding
Program (PNAE), which establishes that at least 30% of the food purchased with federal funds must
be procured directly from family farmers, and the Food Acquisition Program (PAA), which pays an
additional 30% for organic and agroecological produce grown by family farmers [81]. Complementary
to PAA, the Minimum Price Guarantee Policy for Sociobiodiversity Products (PGPM-Bio) reduces
farmer vulnerability to price volatility in food markets and steps in to compensate producers when
their sociobiodiversity products do not attain the market value established by the National Supply
Company [82]. Since the ordinance was launched in 2016, purchases for sociobiodiversity species
by the PAA doubled from US $1M in 2014 to US $2.5M in 2016, while, between 2018 and 2019,
minimum guarantee prices for wild edible fruits managed by extractivist communities have increased
by 11.21% for buriti (Mauritia flexuosa) and 19.07% for juçara (Euterpe edulis) [83]. A structured demand
for agrobiodiversity has been shown to engender other positive downstream effects, such as on
farm diversification, improved management practices, increased land size devoted to horticultural
production and increased availability of nutritious foods in local food systems [84]. However, the
percentage of funds used by the PNAE and PAA to purchase native biodiversity products remains low
(2%) relative to mainstream commodity crops [81].

In Kenya, where multisectoral platforms that tackle food security and nutrition issues are still
emerging, and where the revised Constitution (2010) has devolved environmental management
functions to the counties, a decentralized, bottom-up approach was used to mainstream biodiversity
and nutrition-related concerns into the drafting of new policy documents and guidelines. Food
composition data for traditional leafy greens such as malabar spinach (Basella alba), jute mallow
(Chorchorus olitorius), spider plant (Cleome gynandra) and amaranth (Amaranthus dubius), as well as
continuous engagement by the national BFN team with local policymakers, farmer groups, communities
and schools, helped raise awareness of the value of traditional orphan crops and other nutrient-rich
species and support the formulation and endorsement of a County Biodiversity Policy that recognizes
the role of biodiversity in food security and nutrition, as well as livelihood and ecosystem resilience.
The policy has also allocated resources to build the capacity of small-scale farmers to produce greater
diversity and to conserve and promote regional biodiversity for food and nutrition, with specific
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provisions for designated conservation areas and the incorporation of biodiversity concerns into school
curricula and nutrition education programs. First of its kind for any of Kenya’s 47 counties, the
policy has the potential to cause a ripple effect and positively influence neighboring counties and
national policy-making. The policy is all the more important because it recognizes the need for greater
investments in building farmer capacity to increase productivity of local biodiversity, to be able to
apply food safety and quality standards and to access technology and markets that currently favor
large-scale producers. At present, limited space exists for orphan crops and wild edibles in formal
global food systems/markets, which apply rigorous quality standards that focus on product uniformity;
limit production variability [85,86] and fail to recognize the social, cultural, economic and ecological
benefits that diversified production systems engender. Demand for staple crops are common, while
tenders for orphan crops, such as the broad range of African leafy vegetables (ALVs), are nonexistent.
Even when market opportunities exist, smallholder farmers lack the capacity to pursue them. Few can
write a business plan or a loan application to a local microfinance institution or a commercial bank.
This means that smallholder farmers lack access to a steady market for orphan crops and are excluded
from value addition opportunities that could generate extra income.

The seven countries have tried to fix some of the broken linkages along the value chain by creating
a strong market for these crops, as well as exploring alternative, secondary markets. Model gardens
and demonstration plots established in Aranayaka, Sri Lanka by the Department of Agriculture,
in collaboration with the Community Development Centre (NGO), for example, have overseen the
creation of a value chain (from production to consumption) for 36 traditional wild edible yams and
tuber varieties belonging to the genus Alocasia, Dioscorea and Colocasia. Demonstration plots established
in 18 villages provide training on sustainable land management practices, integrated pest management
and the cultivation of these orphan crops. At the same time, training is provided on value addition and
the creation of novel food products that are then marketed in agrobiodiversity outlets across Sri Lanka.
The pilot is currently reaching 2000 individuals in Aranayaka, while around 100 families have directly
engaged in the marketing of products made from traditional roots and tubers, reaching monthly profits
of US $42 per family.

Public procurement policies also offer strategic entry points for the greater mainstreaming of
agricultural biodiversity, offering a structured demand for this diversity and generating multiple
benefits across all the elements of sustainability: economic, social and environmental [87,88]. In India,
through the IFAD NUS Project [89]. Bioversity International and the M.S. Swaminathan Research
Foundation (MSSRF) worked closely to provide scientific and development evidence of the comparative
advantage of using minor millets rather than mainstream crops in the country’s Public Distribution
System (PDS) [90]. In 2013, sustained lobbying efforts led to the approval by Parliament of the National
Food Security Act [91], which conceded the inclusion of a diverse range of food grains in the national
food distribution schemes. These previously neglected grains include finger millet (Eleusine coracana),
foxtail millet (Setaria italica), proso millet (Panicum miliaceum), kodo millet (Paspalum scrobiculatum),
little millet (Panicum sumatrense) and barnyard millet (Echinochloa colona). The passing of this law
represents an historical milestone in the pathway towards a more resilient and nutritious food system
in India, a country which, until 2013, had been sourcing only wheat and rice for its food distribution
schemes. Increased production of these highly resilient and nutritious cereals is also expected to
enhance India’s capacity to adapt to climate change and counteract food insecurity, especially in the
more marginal areas where millets perform better than rice and wheat in terms of nutritional yields [92].
Other social benefits stemming from this supportive environment are foreseen in terms of biodiversity
conservation, empowerment of women and maintenance of India’s unique food traditions and cultural
identity, which minor millets are an important part of [29,93].

Similarly, in Guatemala, collaboration with the Ministry of Education, the Ministry of Public
Health and Social Assistance, the Ministry of Agriculture and local nongovernmental organizations
(NGOs) is leading to the greater use of orphan crops in the country’s school meal programs. The recently
approved National School Feeding Law (Ley de Alimentación Escolar—Decree no. 16-2017) establishes
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that schoolchildren aged 6 to 12 are provided with culturally-relevant, healthy and nutritious meals
that fulfill 25%–35% of a child’s daily energy and protein requirements, and that includes all food
groups (carbohydrates, proteins, fruits, vegetables and fat). It also emphasizes procuring fresh foods
within the vicinity of the school, preferably from local producers who practice family farming. Using
agronomic and nutritional data, Bioversity International, in partnership with the NGO Mancomunidad
Copanch’orti’, was able to promote the use of chaya (Cnidoscolus aconitifolius) in the school meals
program of the Department of Chiquimula. Chaya’s nutritional and drought-tolerant properties,
accompanied by ease of production, affordability, acceptability and availability, ensured its inclusion
as a key ingredient in two of the 20 dishes that composed Chiquimula’s official school meal menu in
2019, benefiting more than 80,500 students. Chaya is also being considered as an alternative ingredient
in four other dishes, to be used with other leafy vegetables, such as chipilín (Crotalaria longirostrata)
and black nightshades (Solanum americanum and Solanum nigrescens), when suitable. Central to the
greater use of chaya was the preparation of a recipe book that proposes new, creative and likeable
recipes using chaya. Prepared in collaboration with local communities, the recipe book considers local
practices and culinary specificities that are pleasing to local tastes. The recipes are easy-to-follow and
incorporate colorful pictures while considering children’s preferences and include foods like chaya
popsicles, porridge and rice pudding. While schools can function as institutional markets for the
procurement of orphan crops, as seen in Guatemala, or in the case of African leafy vegetables and other
nonconventional vegetables and native fruits [82], they are also an important platform to improve
nutrition through education and behavioral changes, as demonstrated in the next section.

4.3. Raising Awareness: The Power of Evidence to Drive Change

Information or guidance currently abound on how to change our food systems so that they nourish
humanity in a healthy manner, do not harm the environment, reduce public health impacts and are
equitable and just [94]. The EAT-Lancet Commission Report [95] and World Resources Report [96]
are the latest, but there are many reports that suggest key opportunities and recommendations that
can inform productive action. They also acknowledge that food systems and environments are
not only driven by trade policies and the food industry but are equally underpinned by consumer
demand, where consumers can drive supply via their food choices [8]. For a healthy food system
transformation to occur [94], consumers need to be aware of the benefits of diversifying their diets
and the impact of their food choices, not only on their own health and well-being, but also on the
food system and the environment. The reality, however, is that most consumers are inadequately
informed about what constitutes a balanced diet; they do not necessarily prioritize nutrition and health
when choosing food, and they lack the capacity and resources to utilize the diversity that is available
or tend to prefer convenience food that is often more easily available and accessible in today’s food
environments [85]. Furthermore, the relevance of biodiversity for food and nutrition may not be
apparent to most consumers and is often an underappreciated and overlooked resource. In many
cultures, the consumption of orphan crops and wild species occurs in times of food deprivation or
illness—as many of the species have medicinal properties—thus evoking negative experiences and
perceptions, as well as unfair labeling such as food “for the poor” or “food for the sick”. However, in
other parts of the world, orphan crops and wild edibles continue to be used in cultural and religious
festivals [4,43] or in traditional cuisine and gastronomy. The seven countries in this paper used these
positive connections to biocultural heritage as an entry point for increased appreciation and support for
orphan crops and wild edible species, using unique, context-specific approaches to creating awareness.
Nutritional data for these species and information about their occurrence across seasons and their uses
and benefits can be included in educational activities and materials used by extension services as well
as awareness campaigns encouraging consumers to make informed choices [27].

Nutrition education is the main conduit to support the adoption of food choices and other
food-and-nutrition-related behaviors conducive to health and well-being in both youths and adults.
Working with relevant government institutions, entry points can be identified for the inclusion of
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messaging around the importance of consuming varied diets and favoring local foods, as well as
the importance of sustainable production practices. A useful tool for the greater appreciation of
orphan crops is the use of school gardens. In Brazil, the BFN worked closely with the “Educating with
School Gardens and Gastronomy” Project (PEHEG) implemented by the Ministry of Education and the
University of Brasília to help children reconnect with their food system while promoting the inclusion
of nonconventional vegetables and native fruit tree nurseries in schools. School gardens in Kenya were
set up to complement school meal programs [97] but also doubled-up as educational tools with the
potential to incorporate lessons from different disciplines, such as mathematics, biology, geography,
agriculture and economics, into gardening activities. Similarly, in Turkey, school gardens [98] and
nature walks were used to heighten the appreciation of traditional foods and wild edible species among
gastronomy students of a vocational training college, contributing to ”greening” and broadening their
culinary horizons and accessing better job opportunities.

To further support the adoption of healthier food choices, countries such as Brazil have produced
national public health resources that highlight the need for dietary diversification to meet essential
nutritional needs. The Brazilian food-based dietary guidelines [99], for example, approach food
consumption from a completely original perspective, promoting the consumption of a variety of
whole foods rather than discussing separate nutrients and calories. The guidelines are used to guide
government actions linked to the food and nutrition agenda—including patient care by doctors and
nutritionists, school meals, nutrition education and food labeling. They focus on homemade, nutritious
meals and encourage citizens to become more mindful of the social, emotional, cultural and political
meaning of food and be critical of ultra-processed foods. They also include advice on cooking culturally
important dishes; create appreciation for regional foods and traditional dietary habits and highlight
the links between healthy eating patterns; the promotion of biodiversity; shorter value chains and
physical, social and environmental health. Unsurprisingly, the adoption of healthier food choices will
not happen overnight, but monitoring and evaluation exercises, such as household/population surveys,
can be set up at the onset and at the end of the intervention to assess increased consumption of orphan
crops. If possible, and in the case of long-term interventions, linkages can be sought with the agencies
responsible for social and demographic surveys.

Seasonal availability calendars were developed using participatory community assessments in
Guatemala, Mali and India to encourage the year-round consumption of locally available and diverse
fruits and vegetables. The species available per month were recorded and identified using local names
and easily recognizable pictures. The calendars and information booklets distributed to communities
following these assessments included information on national food-based dietary guidelines, as well as
results of local diet surveys that generally revealed low levels of fruit and vegetable intakes. As shown
in Figure 3, fruits and vegetables were divided into food groups from the Minimum Dietary Diversity
for Women indicator [100]—dark, green, leafy vegetables, vitamin A-rich fruits and vegetables, other
fruits and other vegetables—and information was provided on the unique nutritional role of each
group. Simple recommendations were included on how to improve diet quality using the seasonal
calendar, including planning the home garden to ensure year-round availability of fruits and vegetables,
adding seasonally available produce to recipes to give a touch of color and encouraging families to eat
fruits and vegetables on a daily basis.

Food innovations and gastronomy are also playing an increasingly important role in reversing the
negative perceptions associated with many nutritious orphan crops. In Mali, nutritionists and food
technologists at the Institut d’Economie Rurale (IER) developed new culturally acceptable recipes
and novel food products using fonio, Bambara groundnut, jute mallow and amaranth (Table 4).
These foods were analyzed for their nutrient contents (e.g., energy, protein, carbohydrate, fat, fiber,
iron and zinc); underwent sensory evaluation tests and were promoted within communities and
at diversity fairs organized in the Ségou and Sikasso regions (Figure 4). Likewise, in Guatemala,
local women were trained on a protein extraction process for chaya leaves. The protein can then be
used to enrich traditional foods, such as tamales (steamed maize dough wrapped in maize husk),
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tortillas (thin flatbread made from ground maize cooked in limewater), lemonade and scrambled
eggs. Follow-up actions with the communities who grow and maintain these crops included cooking
and value addition training sessions with a focus on quality and food safety standards in processing,
preservation and packaging.
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Table 4. Recipes and novel food products using orphan crops fonio (Digitaria exilis) and Bambara
groundnut (Vigna subterranea) in nutrition interventions carried out by Bioversity and the Institut
d’Economie Rurale (IER) in Mali.

Fonio Bambara Groundnut

Fonio with vegetables Covafo: a complementary food made with Bambara groundnut, fonio, wheat flour
and dried fruits

Fonio with amaranth and
jute mallow leaves Tô: Bambara groundnut and fonio flours served with baobab leaf or okra sauce

Couscous: Bambara groundnut served with a leafy vegetable or peanut sauce

Accra: a paste of soaked and fried Bambara groundnut and spices

Shô furu: fried Bambara groundnut flour and baobab leaf powder

Fari: steamed Bambara groundnut flour served with vegetables

Soup made from de-hulled and smoked grains of Bambara groundnuts

Ragoût: made from de-hulled and soaked grains of Bambara groundnuts
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In all countries, engagement with the gastronomy sector and with celebrity chefs has also sparked
new interest in these forgotten crops, particularly by urban consumers. In Brazil, the BFN collaboration
with federal and state institutions, private sector actors, university professors, researchers and students
resulted in the publication of a 900-page recipe book entitled Biodiversidade Brasileira. Sabores
e Aromas (Brazilian Biodiversity. Flavors and Aromas) [102], which contains 335 recipes using
64 nutrient-rich underutilized plant species from the six Brazilian regions. This encyclopedic feat
represents a huge contribution to the greater promotion of local species and the sustainable use of
native biodiversity in general. By the same token, in Guatemala, engagement with Guatemalan
chefs Paula Enriquez and Andrei Shrei and a prestigious gastronomy school (Escuela culinaria de
alta cocina de Guatemala—ACAM) has led to the inclusion of chaya in the menus of two of the top
ten restaurants in Guatemala and direct procurement linkages with the rural women’s cooperative
(the Integral Marketing Cooperative Chorti—COREDCHORTI) established in the framework of the
IFAD-EU-supported project led by Bioversity International (2015–2019) [103].

Special events such as fairs, festivals or national celebrations for World Food Day (Figure 5a–d)
that attract wide media coverage can also raise the profile of orphan crops and wild herbs. Notable
examples include the Traditional Food Festival in Sri Lanka or the Alaçatı Wild Herb Festival in Turkey,
a four-day event devoted entirely to the celebration of wild edibles that promotes the appreciation of
local biodiversity—including orphan crops—and attracts tourists, food gourmets, TV food channels
and chefs for cooking workshops, food tastings and scientific lectures about the importance of these
foods in healthy and sustainable diets.

Much like linking with gastronomy, the festivals, which are becoming increasingly popular,
have helped increase the market for orphan crops and wild edibles, an opportunity which has been
mostly taken up by women. In Alaçatı, women producers have organized themselves into groups and
transformed and sold traditional products/foods made with wild edibles. In Sri Lanka, 20 food outlets
by the name of Hela Bojun (literally, True Sri Lankan Taste) sell freshly prepared traditional foods
and provide employment to rural women trained by the Women Farmers’ Extension Program of the
Department of Agriculture on aspects of healthy nutrition, food safety and preparation. By working
at the food outlets, women earn between US $600–$800 a month, sufficient to enroll their children in
school and support the family household [104]. In addition to the above, awareness was also raised
among local farmers on the double value of local crops in terms of nutrition and climate change
adaptation through community workshops, radio programs and dissemination of dedicated brochures
and booklets. These interventions were often carried out in combination with the dissemination
to farmers of seeds of the best-performing varieties, which had been jointly evaluated by farmers
and agronomists.
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countries. (a) Food festival celebrating orphan crops and fruits carried out in Peradeniya, Sri Lanka for
World Food Day. Credit: Bioversity International/D. Hunter. (b) Local yam is the main ingredient of
a competition recipe at the Food Festival. Credit: Bioversity International/D. Hunter. (c) The young
winners of the wild herb collection competition held during the Alaçatı Wild Herb Festival are
interviewed by national television. Credit: Bioversity International/D. Hunter. (d) Chaya recipes
promoted in Chiquimula Market, Guatemala. Credit: Bioversity International/ N. Amaya.

5. Conclusions and Recommendations

Recent global reports and scientific literature on food security and food systems [4,8,94–96], as well
as those that are tracking global progress towards the achievement of SDG2 (Zero Hunger), are urging
countries to make greater use of locally relevant biodiversity as a means of halting biodiversity loss
and making food systems more sustainable. This includes adopting alternative agricultural models
that focus on sustainable production and rural development, while empowering consumers to make
better decisions around diets that are healthier for people and for the planet [74,105–108]. Thus,
actions to achieve SDG2 are likely to fast-track progress towards other goals and targets, including
poverty (SDG1); health (SDG3); economic growth (SDG8); sustainable production and consumption
(SDG12); climate change (SDG13) and ecosystems, biodiversity and forests (SDG15), among the most
relevant. The examples provided have demonstrated that many of these orphan crops and wild edible
species provide valuable macro- and micronutrients, as well as beneficial bioactive non-nutrients that
contribute to dietary health [26] and could play a key role in addressing local challenges linked to
malnutrition, climate change, poverty and shrinking food biodiversity.

The case studies presented have also shown that, with an enabling environment in place, local
nutrient-rich crops represent low-hanging fruits for improving dietary diversity and that rapid gains
and progress can be made with relatively small effort, time and resources. Furthermore, reinforcing
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the knowledge and use of local plants provides holistic benefits, including strengthening local culinary
traditions that are linked to culture and identity, while promoting food and nutrition sovereignty
with foods that are available locally and suited to the local climate. Research and development efforts
such as those presented in this paper play an important role in filling knowledge gaps and fostering
connections between stakeholders in different sectors to promote a greater awareness, production,
marketing and integration of orphan crops and wild edible species in public programs, including in
sustainable intensification efforts, where orphan crops have been shown to contribute to increasing the
output and quality (e.g., nutritional content) of food and other products while using less land, water
and other inputs per unit output [4].

In the year 2020, countries will be called upon to critically assess successes and failures in the
implementation of the Strategic Plan For Biodiversity (2011–2020) of the Convention on Biological
Diversity, to reframe the new global biodiversity framework for the post-2020 era and to endorse
the Voluntary Guidelines on Food Systems and Nutrition [23] at the next meeting of the Committee
on World Food Security. These two important events represent a unique chance for the orphan
crop community to use these tried and tested approaches and visionary thinking developed in these
countries to create momentum around the conservation and use of orphan crops and wild edible
species for sustainable agriculture, diversified food systems and sustainable and healthy diets.

Although the approach described in this paper is context-specific and likely to change depending
on the geography, several broad recommendations are put forward to assist countries and regions
wishing to step up efforts to promote the conservation and sustainable consumption of wild edible
species and orphan crops. Divided by the three main pillars of the approach, these include:

5.1. Provide Evidence

• Encourage and fund research aimed at increasing knowledge and information on the value of
orphan crops and wild edibles and of their impact on agriculture-nutrition pathways.

• Step up research investments for domestication programs, particularly of promising wild
edible species.

5.2. Policies and Markets

• Develop coordinated, multisectoral policies that recognize the importance of orphan crops and
wild edible species, and integrate explicit biodiversity for food and nutrition objectives and
indicators and concerns in their investment-planning process.

• Develop policies that mainstream the conservation and sustainable use of orphan crops and wild
edible species, including strengthening policies that protect unique wild edible collection sites
and support ecotourism.

• Support public procurement mechanisms that favor the supply of orphan crops and wild edibles
from family farmers/collectors.

• Support the value chain development for new biodiverse products to enhance local businesses
and improve farmers’ and collectors’ livelihoods.

5.3. Raising Awareness

• Support nutrition education using culturally and socially appropriate nutrition messaging, which
can create a demand for orphan crops and wild species.

• Create awareness campaigns promoting diet diversification and the nutritional, environmental
and economic benefits of orphan crops and wild edible species.
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