. agronomy MBPY

Editorial
The Trilogy of Wild Crops, Traditional Agronomic
Practices, and UN-Sustainable Development Goals

Ajeet Singh'”, Rama Kant Dubey, Amit Kumar Bundela and Purushothaman C. Abhilash *

Institute of Environment & Sustainable Development, Banaras Hindu University, Varanasi 221005, India;
ajeetbhu97943@gmail.com (A.S.); ramakant.sls@gmail.com (R.K.D.); amitbundela02@gmail.com (A.K.B.)
* Correspondence: pca.iesd@bhu.ac.in; Tel.: +91-9415644280

check for

Received: 20 April 2020; Accepted: 28 April 2020; Published: 2 May 2020 updates

Abstract: The world population is projected to become 10 billion by the end of this century.
This growing population exerts tremendous pressure on our finite food resources. Unfortunately,
the lion-share of the global calorie intake is reliant upon a handful of plant species like rice,
wheat, maize, soybean and potato. Therefore, it is the need of the hour to expand our dietary reliance
to nutritionally rich but neglected, underutilized and yet-to-be-used wild plants. Many wild plants
are also having ethnomedicinal and biocultural significance. Owing to their ecosystem plasticity,
they are adapted to diverse habitats including marginal, degraded and other disturbed soil systems.
Due to these resilient attributes, they can be considered for large-scale cultivation. However, proper
biotechnological interventions are important for (i) removing the negative traits (e.g., low yield,
slow growth, antinutritional factors, etc.), (ii) improving the positive traits (e.g., nutritional quality,
stress tolerance, etc.), as well as (iii) standardizing the mass multiplication and cultivation strategies
of such species for various agro-climatic regions. Besides, learning the biocultural knowledge and
traditional cultivation practices employed by the local people is also crucial for their exploitation.
The Special Issue “Wild Crop Relatives and Associated Biocultural and Traditional Agronomic Practices for
Food and Nutritional Security” was intended to showcase the potential wild crop varieties of nutritional
significance and associated biocultural knowledge from the diverse agroecological regions of the
world and also to formulate suitable policy frameworks for food and nutritional security. The novel
recommendations brought by this Special Issue would serve as a stepping stone for utilizing wild
and neglected crops as a supplemental food. Nevertheless, long-term cultivation trials under various
agro-climatic conditions are utmost important for unlocking the real potential of these species.

Keywords: agrobiodiversity; biocultural knowledge; crop improvement; dietary diversification;
field gene banks; food and nutritional security; planetary healthy diet; traditional agronomic practices

1. Introduction

The recently published “EAT-Lancet Commission Report” [1] pinpoints an astonishing fact that
the human diet across the globe is not people and planet friendly, as it is far behind the reference
level of essential commodities stipulated for a so called “planetary healthy diet” composed of whole
grains, vegetables (red, green and orange), fruits and nuts, etc. (www.eatforum.org). The report
again pointed that the current global food production itself is not planet friendly as it is produced
in an unsustainable manner [2,3]. Therefore, providing a healthy and balanced diet for a growing
population is one of the major sustainability challenges for government agencies and policy makers
across the world [4-6]. Hence, it is the need of the hour to expand our dietary dependence from
a handful of species (i.e., mainly rice, wheat, maize, soybean and potatoes) to locally available and
nutritionally rich underutilized wild edibles such as wild leafy vegetables, wild tubers, wild legumes,
wild fruits, wild nuts, etc., for a “planetary healthy diet” [5-9].
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The literature provide evidences that ~7000 plant species have been reported from the various
agro-climatic regions of the world with nutritional or medicinal importance [10,11]. Most of such wild
and underutilized species were part of the staple diet of the hunter-gatherers and still many species
are the inseparable part of the diet of local people and those who are living in close proximity to
nature [10,12-14]. Though some of these species have been widely cultivated for human use and have
become a part of the major cropping systems of present-day agriculture [15,16], a vast majority of them
are yet-to-be used for large-scale cultivation [5,6] (see Figure 1). As suggested by Pardo-de-Santayana
et al. [17], the major factors restricting the day-to-day use of such species are (i) a restricted harvest
period, (ii) limited availability due to the lack of market chains, and also due to the (iii) social stigma
attached to such species [7,8].

Figure 1. Plants for feeding the future. While there are thousands of plant species that are reported to

have food, nutritional and medicinal significance, the current human diet is solely based on a handful of
plant species. (a-f) Showing few examples of highly nutritious but not so commonly cultivated species.
(a) Jaboticaba or Brazilian grapetree (Plinia cauliflora); (b) Asparagus tender shoot (Asparagus officinalis);
(c) Brazilian Alcachofra (Alcachofra sp.); (d) Mulberry (Morus sp.); (e) Sweet potato (Ipomea batatas);
and (f) Barbados cherry (Malpighia cauliflora). Photo credit: Prof. Leonardo Fernandes Fraceto, Sao Paulo
State University, Sorocaba, Brazil.

Nevertheless, the role of such species for diet complementation is recorded from various parts
of the world [5-10]. Moreover, the health and nutritional benefits of some of the species are also
available in the literature and even some of the wild species are recognized as functional foods [18,19].
Since most of the wild species are bestowed with unusual colors and flavors, they can be used in food
industry as a coloring and flavoring agent [10]. Like in the case of modern crop varieties, they also
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contain industrially important bioactive molecules such as ascorbic acid, tartaric acid, malic acid,
citric acid, oxalic acid, succinic acid, etc. [10,20,21]. Despite these attributes, they are being neglected and
disregarded and their multiple roles are yet to be understood [4]. Therefore, the present editorial was
penned to highlight the implications of wild and underutilized plant species for food and nutritional
security. The ensuing sections elucidate the trilogy, the content and coverage of the various articles
published in this Special Issue as well as the various inventive measures for the sustainable use of wild
crops for a good quality of life and human wellbeing.

2. The Trilogy: Wild Crops, Traditional Agronomic Practices & UN-SDGs

The triology of wild crops, traditional agronomic practices and UN-Sustainable Development
Goals (UN-SDGs) is illustrated in Figure 2. From this depiction, it is apparent that there is an intricate,
explicable and interconnected relationship between wild plants and SDGs.
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Figure 2. The trilogy of wild crops, traditional agronomic practices and UN-Sustainable Development
Goals (UN-SDGs). Though there are many wild crops with food and nutritional significance,
their largescale exploitation is mainly limited due to the lack of standard cultivation practices. Therefore,
we cannot exploit the intended potential of such species for attaining UN-SDGs. Understanding the
biocultural knowledge of the local people as well as learning the traditional agronomic practices
employed by them is essential for standardizing the large-scale cultivation practices of such species.
Moreover, an integrated understanding is also essential for exploiting their multiple utilities for
global sustainability.
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For example, the sustainable use of wild and neglected plants will directly or indirectly help in
attaining several SDGs such as no poverty (SDG No. 1), zero hunger (SDG No. 2) and good health and
wellbeing (SDG No.3) [4,7-9]. Moreover, the cultivation of such species in family and kitchen gardens
will pave an opportunity for empowering women and so achieving gender equality (SDG No. 5).
The attainment of food sovereignty through the wise use of wild crops will also reduce inequalities
(SDG No. 10) while fostering responsible consumption and production (SDG No. 12). Furthermore,
the large-scale adoption of low-input, climate resilient and hardy wild varieties in suitable cropping
systems such as intercropping, mixed cropping, boarder cropping, etc., is a part of climate action
(SDG No. 13) and encourages agrobiodiversity conservation and thereby the attainment of goal No. 15
(life on land) [7-9]. In a nutshell, the judicious use of wild crops in modern cultivation systems will
foster sustainable development.

Despite their nutritional and ecological significances, many of these wild crops are still being
neglected and underutilized as stakeholders (such as researchers, farmers and policy makers) are not
aware of the agronomic practices required for such species [5,6]. Since modern crops are the result of
the thousands of years of domestication, the key investments such as time, money and technology are
utmost important for refining the cultivable traits of wild species [4,5]. Moreover, a detailed social
and ecological impact assessment must be done to ascertain the socio-ecological complexities behind
the introduction of such unknown species into modern agricultural frameworks [5]. So, in order to
move further, there is an urgent need to document the traditional agronomic practices employed by the
indigenous and local community and pass on these dying wisdoms to mainstream farmers for further
refinement through field validation. Biotechnological interventions (including conventional and
modern biotechnological approaches) are important for standardizing suitable agronomic practices for
their large-scale cultivation in various agro-climatic regions of the world. Moreover, crop improvement
is also essential for further enhancing the nutritional qualities and palatability of such species and also
for removing the anti-nutritional factors if any [8,9]. Importantly, such crop improvement initiatives
must be done in a participatory mode (i.e., with the involvement of farmers) to optimize crop-specific
and site-specific agronomic practices of these lesser known edibles for human welfare. Without these
initiatives, unlocking the real potential of wild species for food and nutritional security will be a mirage
rather than a reality.

3. From Exploration to Crop Improvement: The Content and Coverage of the Special Issue

The current Special Issue is an assemblage of the diverse topics related to wild crops and their
sustainable exploitation like agrobiodiversity, adaptive agronomic practices, biocultural knowledge,
crop improvement programs, dietary diversification, field gene banks, food and nutritional security,
genetic diversity, UN-Sustainable Development Goals, wild crop varieties and traditional agronomic
practices, among others. The ensuing part provides a glimpse of the various articles published in
this Special Issue.

Harouna et al. [22] investigated the preferences and perspectives of local farmers in the Arusha
and Kilimanjaro regions in Tanzania regarding the use of wild Vigna legumes such as Vigna racemosa,
V. reticulata, V. vexillata and V. ambacensis. While all of these four species have multiple utilities like food,
feed and medicinal uses as well as other environmental significance such as a mulching agent and
also for controlling soil erosion, very few farmers of the study regions (26%-28%) were actually aware
of the significance of these species. The takeaways clearly ascertain the fact that exploration as well
as popularization of such lesser known species is utmost important for their successful exploitation.
Similarly, Coulibaly et al. [23] studied the farmers” preferences over the genetic resources of wild
Kersting’s groundnut (Macrotyloma geocarpum) in Burkina Faso and Ghana. The field results revealed
that the famer’s preferences were influenced by their sociocultural background and also depended
upon the promising traits of the genetic resources such as the yield potential, drought tolerance and
pest resistance.
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In addition to wild pulses and legumes, neglected vegetables like the spider plant (Gynandropsis
gynandra L. (Briq.) are also important species of food and nutritional relevance in sub-Saharan Africa.
Chataika et al. [24] explored the diversity and domestication status of the spider plant in northern
Namibia for identifying the client-preferred traits for a customized breeding program. Extensive field
experiments for understanding the agro-morphological variations in wild crops are also important
for selecting elite germplasms. In this way, Harouna and co-workers [25] conducted an extensive
field trial of 160 accessions of wild Vigna in Tanzania and studied the variations in the quantitative
as well as qualitative traits (15 each) for identifying the superior accessions for breeding and crop
improvements. Identifying the most suitable habitats for the large-scale cultivation of wild crops as well
as predicting their growth response under futuristic climatic condition is a changing paradigm in wild
crop research. Interestingly, Ratnayake and co-authors [26] studied the potential range changes of four
neglected and underutilized fruit species like Aegle marmelos, Annona muricata, Limonia acidissima and
Tamarindus indica in Sri Lanka under different climate change scenarios and mapped their high-potential
agro-ecological regions for large-scale cultivation. The study underpins the significance of predictive
modelling as an effective tool for identifying the most suitable regions (Figure 3) of neglected species
for large-scale exploitation.

Figure 3. Predictive modelling is essential for identifying the best suitable agro-ecological regions of
various neglected and wild species for large-scale cultivation and popularization. Moreover, apart from
the habitat requirement, the biocultural preferences are also considered for promoting a particular
wild edible for a particular region. Some of the candidate species for habitat suitability mapping
and large-scale cultivation: (a) Lablab or Hyacinth bean (Lablab purpureus); (b) wild ridge gourd
(Luffa acutangular); (c) pseudo-cereal or red amaranth (Amaranthus cruentus); (d) wild sweet potato
(Ipomoea batatas); (e) air potato (Dioscorea bulbifera); and (f) purple yam (Dioscorea alata).

The medicinal and nutraceutical uses of three traditional leafy vegetables, viz. Crassocephalum
crepidioides, Launaea taraxacifolia and Vernonia amygdalina Del., in southern Benin and the legacy of the
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transmission of traditional and local knowledge from parents to children were studied by Akakpo
and Achigan-Dako [27]. Since traditional leafy vegetables are an integral part of the African diet,
the majority of these leafy vegetables (for example Bidens pilosa, Brassica carinata, Gynandropsis gynandra,
Corchorus spp., Launaea taraxacifolia, Talinum triangulare, etc.) are not domesticated yet [27,28]. Some of
the traditional leafy vegetables also exhibit seed dormancy. Therefore, understanding the molecular
mechanisms that underpin the seed dormancy is essential for devising a suitable breeding program.
In this context, Sohindji and co-workers [28] used Gynandropsis gynandra as a model plant to elucidate
the mechanisms of seed dormancy in traditional leafy vegetables and proposed suitable strategies for
the molecular breeding of wild leafy vegetables with improved germination.

Innovative breeding approaches are also essential for improving the quality and adaptability
of wild crops. For example, Alvarez and Guzman [29] studied the genetic variation in the high
molecular weight glutenin subunits (Glu-A1, Glu-B1 and Glu-D1) in three neglected and underutilized
wheat crops such as club wheat (Triticum aestivum), macha wheat (T. aestivum ssp. macha) and Indian
dwarf wheat (T. aestivum L. ssp. sphaerococcum) for quality improvements. Similarly, Jency et al. [30]
reported induced mutagenesis using ethyl methane sulphonate (EMS) and gamma radiation to develop
photosynthetically efficient and lodging-resistant kodo millet (Paspalum scrobiculatum) for large-scale
cultivation in peninsular India.

The standardization of agronomic practices is also important for improving the nutritional quality
and other featured traits in wild crops (Figure 4). Moreover, previous studies have also reported that
such innovative agronomic practices can also improve the soil quality and microbial activity [31-33].
Brtnicky et al. [34] proved that the long-term addition of biochar resulted in increases in the microbial
biomass’ carbon and microbial community abundance, and soil dehydrogenase activity in luvisols of
arable land in the Czech Republic.

Figure 4. Standardization of suitable agronomic practices as well as the optimization of suitable

cultivation models are essential for the large-scale cultivation and also for the successful introduction
of such species into family and kitchen gardens. (a,b) The cultivation of traditional species in the
backyard garden of Prof. Leonardo Fernandes Fraceto in Sorocaba, Sao Paulo, Brazil and (c,d) the wild
species in the kitchen garden of local farmers in Rajgarh block, Mirzapur, Uttar Pradesh, India.
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Chanthani etal. [35] demonstrated the positive effect of the seaweed extract from Ulva flexuosa on the
seed priming of wild tomatoes for increasing the seed germination, growth and yield. The experimental
results confirmed that the application of seaweed extract as a biostimulant has increased the nutritional
and biochemical profile of the test plant by several folds, i.e., TSS (93%), phenol (92%), lycopene (12%)
and ascorbic acid (86.8%). Similarly, Michalska-Ciechanowska and colleagues [36] moderated the
inulin and polyphenolics contents in three cultivars of Jerusalem artichoke (Helianthus tuberosus L.) by
optimizing the potassium (K) application. The study on the effect of the different growing conditions
(i.e., greenhouse and open field) on the quality and phytochemical composition of edible wall
rocket (Diplotaxis erucoides) revealed that the field conditions gave better results than the controlled
conditions [37]. All these studies have given novel insights regarding the cultivation and management
of lesser known edibles for human wellbeing.

In another work, Dwivedi et al. [38] reviewed the need of tapping unique traits in heirloom
cultivars such as crop growth and yield governing attributes, biotic and abiotic stress tolerance traits
as well as traits governing proximate composition, flavor, color, etc., into local elite cultivars through
suitable breeding programs. Interestingly, the importance of creating inventive market channels,
for example farmer—breeder—chef collaborations and seed-saver organizations for promoting and
popularizing heirloom cultivars, are also suggested by them. Similarly, in the article on Local Solutions
for Sustainable Food Systems: The Contribution of Orphan Crops and Wild Edible Species, Borelli and her
colleagues [39] examined the “role of locally available; affordable and climate-resilient orphan crops,
traditional varieties and wild edible species to support local food system transformation” in Brazil,
Kenya, Guatemala, India, Mali, Sri Lanka and Turkey.

For the sustainable food system transition based on orphan crops and wild edibles, authors have
basically employed a “three-pronged approach to (i) increase the evidence of the nutritional value and
biocultural importance of these foods, (ii) better link the 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” [39] (Figure 5).

Value
addition

Agri-food
enterprises

sale Wil - - 7

== Large-scale Ay
Cultivation

Figure 5. Creating marketing channels including the provisions for value-addition and also the creation
of suitable agri-food enterprises based on wild, neglected and underutilized crops are essential for
a sustainable food system transition. The availability and affordability of these wild edibles will
gradually increase the adoption and acceptance of these lesser known edibles among the community.
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The deliberations of the above two reviews lead to a common thread that apart from the
exploration, documentation and large-scale exploitation of various wild and lesser known edibles
for diet supplementation, the creation of market channels including supply-chain management and
value additions are the key aspect governing the success of a transition towards a wild, neglected and
underutilized edibles-based food system [38,39]. Community mobilization can be done for enhancing
the sale of these items at the farm-gate level itself. Since a majority of these lesser-known edibles are
seasonal, value-addition will provide an opportunity for establishing agri-food start-ups.

Last but not least, the crux of the overall issue was discussed by Singh et al. [40] and proposed
four inventive strategies for the domestication of undomesticated crops for global food and nutritional
security such as “(i) exploring the unexplored, (ii) refining the unrefined traits, (iii) cultivating the
uncultivated, and (iv) popularizing the unpopular for the sustainable utilization”. Furthermore,
authors have also recommended the need of starting coordinated efforts at the national, regional and
international level, especially under the aegis of UN organizations and internationally renowned
agricultural institutions, policy makers, governments and voluntary organizations to conserve,
promote and popularize wild, neglected and underutilized species for the wellbeing of both people
and the planet [40].

4. Conclusions

In conclusion, neglected, wild, underutilized, traditional or orphan crops possess enormous
nutritional, nutraceutical, industrial, ethnomedicinal and biocultural significance, and therefore their
sustainable utilization will directly or indirectly lead to sustainable development. While multiple
utilities of some of the species are known to local framers and the scientific community, the real potential
of the vast majority of such species is unknown. Therefore, inventive measures are essential for the
exploration, documentation and bioprospecting of such species for identifying their multipurpose
benefits as well as the optimization of agronomic practices including suitable crop improvement
programs that are essential for unlocking their real potential for human heath and wellbeing.
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