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Chapter 12
Conservation of Wild Food Plants and Crop
Wild Relatives: Planning, Strategies,
Priorities, and Legal Frameworks

Anupama Sajeev, Kiran Vyshnav Eliyan, Anju Thattantavide,
Sajana Sreedharan, and Ajay Kumar

Abstract Wild food plants (WFPs) are nutritionally rich and are consumed by the
indigenous communities whereas crop wild relatives (CWRs) are the wild relatives
of the domesticated crops with huge role in crop improvement. These plants are not
only a source of macro and micronutrients, but also carry important traits which can
be utilized for crop improvement programs. WFPs and CWRs have higher levels of
environmental stress tolerance as compared to their cultivated relatives. CWRs can
act as a donor of various abiotic and biotic stress tolerant genes and some of them are
superior in micro and macro nutrients. The effective utilization of WFPs for crop
improvement can revolutionize crop breeding research. WFPs are locally important
as they provide nutritional security to consumers since they can grow in harsh
ecological and environmental conditions. For these reasons, the potential of WFPs
and CWRs is increasingly realised. At the same time, WFPs and CWRs face various
threats due to anthropogenic and environmental stresses. Several studies have
reported the loss of CWRs which is not good for the planet. Therefore, loss in
their biodiversity should be arrested and their conservation deserves utmost impor-
tance. The habitats of WFPs are also endangered due to several anthropogenic and
climate associated changes. This chapter mainly focuses on the importance of the
protection of WFPs and CWRs at the global, national, local, and regional levels by
effective planning, employing suitable strategies, and framing priorities based on
multiple criteria. Priority-based conservation strategies and legal frameworks to
ensure their protection are also briefly discussed in this chapter. The preference for
the conservation of WFPs is based on their socio-economic value and potential uses.
Protection is mainly through in-situ and ex-situ methods. Coordination between
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different in-situ and ex-situ conservation methods, and modifying legal frameworks
based on regional requirements with proper utilization of WFPs would be the most
sustainable way to meet global food demands.
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12.1 Introduction

Wild food plants (WFPs) are plant species that bear immense potential as a signif-
icant source of genetic diversity for crop improvement (von Wettberg et al. 2020).
Crop wild relatives (CWRs) are the wild counterparts considered as the progenitors
of domesticated crops (Ford-Lloyd et al. 2011). The importance of CWRs is well
acknowledged for prospecting new genetic sources of variation for domesticated
crops (Zhang et al. 2017). The Russian botanist N. I Vavilov was the first person to
put forward the prospective use of CWR in plant breeding (Vavilov 1951). Later,
Harlan and Wet (1971) conceptualized the importance of CWRs with the aid of their
gene pool concept, where CWR can be categorized into primary and secondary gene
pools (Choudhary et al. 2017). Gene flow occurs easily between the CWR and
domesticated varieties, which increases the significance of CWRs in plant breeding,
which denotes the genetic similarity between cultivated crops and CWRs (Maxted
et al. 2006). Immense genetic diversity, adaptation to the local environment, and
changing climatic conditions further signify their role in crop improvement
(Mammadov et al. 2018). Moreover, WFPs are utilized by rural and tribal commu-
nities for their nutritional, medicinal, and economic services (Ahmad and Pieroni
2016; Mishra et al. 2021). Thus, the role of WFPs to ensure global food security is
notable as they provide food and income for the rural populations while being a
genetic resource for crop improvement. It means that wild relatives of the cultivated
crops are crucial for the crop improvement programs. Some of theWFPs eaten by the
indigenous communities are also wild relatives of some of the crops suggesting an
overlap between the CWRs and WFPs. Therefore, strategies that aims to conserve
the CWRs are equally applicable to the WFPs.

Modern food system practices that are based on the cultivation of a few selected
crops, increase the vulnerability of monocultures to diseases, pest attacks and
various abiotic stresses (Altieri 2019). As a measure to improve crop productivity,
the availability of CWRs is highly crucial, considering the need for the identification
and sourcing of genes related to nutritional traits, stress, and disease tolerance
(Hanson 1952). For example, wild relatives of wheat such as emmer wheat are
nutritionally rich and stress-tolerant (El Haddad et al. 2021). Physalis, a wild relative
of tomato is highly nutritional and it has been widely used as a WFP in various parts
of the world especially in South America (Zamora-Tavares et al. 2015). The plant
may be used as a source of important genes that can be transformed into tomatoes or



other related crops. WFP such as Eleusine africana Kenn.-O’Byrne is a CWR of
finger millet and it is a endowed with some good traits that can be utilized for the
improvement of cultivated finger millet (Dida and Devos 2006). The biotic stress
tolerance of the CWRs can be effectively explored to improve pathogen-resistance in
the cultivated crops. For example, Brassica insularis Moris, a wild variety native to
the Mediterranean region, is tolerant to the fungus Leptosphaeria maculans
(El Mokni et al. 2022). CWR of wheat, Triticum turgidum L. is notable for its
resistance to fungal pathogens (Gnanesh et al. 2014). There are many more such
examples of WFPs and CWRs that are superior and carry important traits crucial for
their role in crop improvements. In fact, some of the CWRs are consumed by the
indigenous communities as WFPs by collecting from the wild or through limited
cultivation in their vicinity. There are many examples of WFPs which are consumed
across the globe and have high nutritional value. However, recent studies have
shown decline in the consumption of the WFPs by the current generation. This
decline in the consumption of the WFPs has been attributed to several factors such as
unavailability of the wild plants, change of life styles, and lack of knowledge of their
value (Pawera et al. 2020). The marketing of commercially profitable crops on a
large scale is also the major reason behind the negligence of WFPs. Several WFPs
face conservation issues due to negligence and lack of documentation. It is important
to conserve the WFPs and CWRs considering their potential use as a genetic
resources. Moreover, climate change, along with issues such as habitat loss, indus-
trialization, anthropogenic threats, and biopiracy, pose serious survival threats to the
plants (Siddiqui and Shukla 2015). The present chapter briefly discusses about
planning, strategies, and prioritization of important activities for the conservation
of WFPs and CWRs.
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12.2 Relevance of Crop Wild Relatives and Wild Food
Plants

The CWRs are one of the best sources of plant genetic diversity. They represent an
important resource for improvement of agricultural production around the world
(Brozynska et al. 2016). CWRs are an important source of genetic diversity that can
be harnessed for plant breeding and helps to improve agricultural production around
the world (Bohra et al. 2022). They grow in a variety of habitats including harsh
environmental conditions and are hence important for plant breeding initiatives
(Crop Wild Relatives Global Portal 2021). CWRs are rich in genetic diversity as
compared to their domesticated counterparts (Zhang et al. 2017). Our current food
systems are highly homogenized. Diversification of the food crops is crucial to feed
the burgeoning population, ensure their nutritional security and curb hunger (Sarkar
et al. 2019). The current conditions demand the diversification of food systems
according to the consumer perception and productivity. To fulfill the human calorie
requirements, more stress-tolerant and nutritionally superior crops should be



developed with CWRs (Brozynska et al. 2016). For example, consider the case of
tomato plants, its wild relatives showed superiority in various attributes such as
sugar content, yield and a higher proportion of soluble solids (Robertson and Labate
2006). The majority of the WFPs and CWRs are distributed in wild habitats,
indigenous communities or forest dwellers depend on these plants as a major source
of their diet (Borelli et al. 2020). It is also a boon to the non-indigenous population as
an income generator and acts as a means of supplementary feeding to these people
(Nyakoojo and Tugume 2020). Customary and traditional knowledge of the local
communities about the WFPs pertaining to their use as food signifies the essential
nutritional aspects and the feeding diversity of wild relatives in ensuring local food
security (Ahmad and Pieroni 2016). Domesticated varieties demand the most opti-
mum conditions in the context of abiotic and biotic factors and many of them have
turned susceptible to various stresses which significantly affect their agronomic
performance (Edmeades et al. 2001).
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In contrast, WFPs can sustain adverse environmental conditions to a greater
extent and thus ensure strong support to the global food systems in times of
unfavorable conditions (Ladio and Lozada 2004). The presence of a high quantity
of micronutrients suggests their potential for subsequent utilization in development
of improved agronomic crop varieties (Sánchez-Mata et al. 2016). WFPs have
gained paramount importance in providing a balanced diet to a seemingly increased
health-concerned population and thus ensure healthy means of food consumption
(Ju et al. 2013). Homogenized food systems and extensive competition in the global
market create a greater probability for the underprivileged people of the society to
face malnutrition and hunger (Schanbacher 2010). These traditional WFPs offer
boundless possibilities in relieving the pressure of inequitable food access to several
indigenous communities of West Sumatra, Indonesia (Pawera et al. 2020). WFPs
with richness in bioactive compounds and micronutrients can sustain a larger
vulnerable population by strengthening their bodily requirements and improving
their immunity to combat various ailments (El-Ramady et al. 2022). A study by
Mutie et al. (2020) in the drylands of Kitui county of Kenya shows that WFPs
complement the food system of the population to thrive during unpredicted climatic
alterations. The rural people of Kitui, market the products from WFPs such as gums
and resins after processing them properly by applying their traditional knowledge
(Mutie et al. 2020). The status of WFPs as an ecosystem service corresponding to
their functional importance in the anthropological context was elucidated by Schulp
et al. (2014). They provided information regarding spatial distribution, and inter-
connections between benefits, demand and supply of WFPs widely utilized in the
European Union. The study reported that a large number of European citizens
consume WFPs regularly.

The relevance of CWRs was better elucidated by Bohra et al. (2022), and stated
that emerging nations should utilize their resources for crop improvement. The gene
pool of CWRs is rich in certain disease resistance genes and abiotic stress tolerant
genes, which can be utilized for improvement of the climatic change susceptible
staple crops (Porch et al. 2013). CWRs have been considered paramount to crop
improvement for humankind since the green revolution. A noteworthy example is



the pivotal role of introgression breeding in conferring resistance to Puccinia
graminis from the Aegilops tauschii, a type of wild wheat, to curb the stem rust
and advancement in cereal production (Bohra et al. 2022). CWRs of industrially
valuable crops utilized for fuel and aesthetic beauty also find their place in the need
to be conserved for a sustainable healthy economy (Maxted et al. 2010). Judicious
manipulation of the CWRs in plant breeding approaches directs more diversity in the
genetic level of the cultivated crop varieties. Ziska (2021) reviewed the selection
efforts by nature and breeders that are better adapted to increased CO2 level in
the atmosphere. They reported CWRs had better adaptation to increasing CO2

conditions than the domesticated counterparts. In this context, attempts to identify
the genetic loci conferring the adaptable traits were widely studied to produce elite
cultivated varieties. In the study done by El Haddad et al. (2021), an evaluation of the
performance of three critical dryland crops (durum wheat, barley, and lentil) devel-
oped by incorporating CWR in their pedigrees in the context of yield potential, yield
stability across different environments were conducted. The results showed that the
accessions derived from CWRs had better yields across all the varied conditions. For
example, three accessions of wheat developed from Triticum araraticum and
T. urartu were enriched with Zn content and barley accessions produced from
Hordeum spontaneum were rich in proteins. The CWR-derived elites even had
better food performances, further substantiating the utility of these wild alleles in
crop improvement.
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WFPs are important parts of local markets and are very important for associated
communities, especially the women and young population. This remains valid in the
current scenario of COVID-19 fractured world. As the COVID-19 disrupted the
transport and cargo and also led to widespread disruptions in the food supply chains
that involved long distance travels, people started relying on the local foods includ-
ing the WFPs as they are locally obtained and involve short supply chains which are
least affected due to COVID-19 (Borelli et al. 2020). This suggests the role and
relevance of the WFPs in the future if we face a situation similar to COVID-19 or
other natural disasters or wars. The relevance of CWRs in crop breeding and
providing food security is required to be explored more and benefits of advanced
molecular techniques such as genetic modification and gene editing should be reaped
for improving the crops. Through the successful establishment of gene editing tools,
rapid-domestication of CWRs can be achieved according to the breeders designs
(Lemmon et al. 2018; Zhu and Zhu 2021; Yu et al. 2021). Figure. 12.1 represents
various important aspects of these wild plants (CWRs and WFPs) that are beneficial
for in plant breeding.

12.3 Status of Crop Wild Relatives and Wild Food Plants
at the Global, National, Regional and Local Levels

For thousands of years, humans have relied on wild plants for their diets, and several
people still rely on these species to satisfy their nutritional requirements (Turner et al.
2011). Wild edible plants are components of the cultural and genetic heritage of



different parts of the world and have aided rural and sub-urban communities during
severe famine and scarcity (Pinela et al. 2017). An increase in the interest in WFPs is
observed among modern societies that resulted in the accumulation of extensive
ethnobotanical knowledge (Tardío et al. 2006). Research has shown decline in the
wild species diversity due to several reasons such as socio-economic changes,
industrialization of the diets, expansion of food markets, changes in land usage
patterns and unsustainable harvesting practices (Bharucha and Pretty 2010). Kidane
and Kejela (2021) have attributed this decline to agricultural expansion, poor
management, overgrazing, and loss of indigenous knowledge. Only around 150 of
the estimated 30,000 edible plant species are cultivated by humans, with only
30 species accounting for the majority of our dietary requirements (Shelef et al.
2017). Despite the fact that we produce optimum food to feed a significant propor-
tion of the human population, nutrient-rich food is still out of reach for more than 1.5
billion people, and the food system needs to be transformed to ensure nutritional
security for consumers (FAO 2020a). The relevance of agro-biodiversity and WFPs
in risk management and establishment of resilient and sustainable food systems is
increasingly recognized worldwide (Kahane et al. 2013; Boedecker et al. 2014). As a
result, more research should be encouraged on documentation of WFP diversity,
uses, and conservation strategies, as well as re-establishment of traditional knowl-
edge for the sustainable usage of WFPs in a rapidly changing world. CWRs on the
other hand, aided in crop domestication for thousands of years (Perrino and Perrino
2020) and are widely used in breeding experiments and crop improvement programs
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Fig. 12.1 Importance of CWRs and WFPs (Created with BioRender.com). CWRs possess various
abiotic and biotic stress tolerant traits and the crop breeding methods can be applied for their
improvement. WFPs are rich in bioactive compounds and hence they are used for various medicinal
purposes besides their food value
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for enhancement of plant performance (Zhang et al. 2017; Bohra et al. 2022). The
in-situ and ex-situ strategies are critical for the long-term conservation of forest
genetic resources in the context of changing societal requirements and climate
change (FAO 2020b). CWR conservation and utilization are becoming increasingly
popular in international food security policy and research (Smýkal et al. 2017).
However, there is a lack of coordination in the crop research community to convey
developments, best practices, constraints, and opportunities for adoption of CWRs.
Attempts aimed at systematically assessing the utility and diversity of CWR species
are infrequent (Dempewolf et al. 2017). To avoid the extinction of CWRs and WFPs
diversity and to optimize their availability, particularly for crop development, proper
conservation, and sustainable usage must be ensured at the global, regional, national,
and local levels.
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Assessment of the existing state of CWRs and WFPs conservation and utilization
can help uncover gaps in their conservation and aid in the planning priorities. In
many situations, such an evaluation is already available, either as part of a country
report, research program, or as a separate study (FAO 2017). An attempt to assess
genetic resources of crop plants, livestock and forest trees on a global level was
initiated by the Food and Agricultural Organization (FAO) of the United States
through the program “The State of the World’s Biodiversity for Food and Agricul-
ture” andWFPs were also included in this report (FAO 2019). A total of 91 countries
submitted a report and among them, only 69 countries provided a detailed report. A
total of 1995 WFPs were recognized combining all the reports besides other groups
of wild species of mammals, birds, fungi, insects, fish, crustacea, molluscs, reptiles
and amphibians (FAO 2019). Ulian et al. (2020), reviewed the global status of edible
plants by a combined data from major projects and research with a focus on
neglected and underutilized species (NUS), dividing them into three categories;
wild, cultivated, and wild and cultivated species as well as mentioned edible parts,
uses and distribution of NUS. Regarding CWRs, Milla (2020) undertook a global
assessment of food crops, examining 866 food crop species and 901 wild pro-
genitors, as well as their cultivation and domestication histories, geographical
distribution, and a time-calibrated genetic phylogeny of food crops.
Castañeda-Álvarez et al. (2016) utilized gene bank databases, herbariums, and
biodiversity data to simulate the global distribution of 1076 taxa connected to
81 crops. They discovered that CWRs are underrepresented on gene banks, with
no germplasm accessions for 313 (29.1% of total) taxa connected with 63 crops, and
a further 257 (23.9%) taxa represented by less than ten accessions. Overall, global
trends in the abundance of WFPs and CWR were reported to be decreasing (FAO
2019). Botanic gardens also play an important role in plant genetic resource conser-
vation (Kumar 2021). Meyer and Barton (2019) outlined the reserves of CWRs in
botanic gardens, they reported 28.6% of global priority CWR taxa and 75.4% of US
priority CWR taxa in botanic gardens. Botanic gardens maintain 22 global priority
and 108 US priority CWR taxa not reported by crop gene banks, based on a
comparison with priority CWR holdings in crop gene banks. Several ethnobotanical
studies have reported the usage and diversity of WFPs from different parts of the
world (Al-Fatimi 2021; Guarrera and Savo 2016; Baldi et al. 2022; de Medeiros et al.



2021; Xu et al. 2020; Winstead and Jacobson 2022; Ding et al. 2021; Menendez-
Baceta et al. 2017).
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At the national level, a wide range of collaborators are involved in the conserva-
tion and sustainable use of CWRs and WFPs. In many cases, national governments
have introduced National Plant Genetic Resources for Food and Agriculture
(PGRFA) programs to drive efforts towards global PGRFA protection and sustain-
able usage (FAO 2017). Many nations report a lack of efficient information-sharing
and collaboration systems among stakeholders, notably between those working in
the food and agricultural sector and those working on environmental and wildlife
matters (Pilling et al. 2020). While most nations have routinely established threat-
ened species conservation strategies for the past three decades, the establishment of
conservation efforts for CWRs at the national level is still in its budding stages
(Iriondo et al. 2016). The same goes with WFPs, though the number of publications
on the relevance of WFPs is rising, mostly at the local level, there is a lack of data
and information at the national level, and conservation assessments are still inade-
quate; due to this, the contribution of WFPs to the national economy and their overall
importance is under-evaluated (Borelli et al. 2020). It is very concerning that
biodiversity for food and agriculture, as well as the ecosystem services it provides,
is reportedly declining in so many production systems in several nations (FAO
2019). WFPs provide food and financial security at the local level and are a source
of traditional medicines too (Uprety et al. 2012; Hickey et al. 2016; Asprilla-Perea
and Díaz-Puente 2019; Ray et al. 2020; Punchay et al. 2020). For local communities,
WFPs remain a preferred alternative to commercial food crops because they are
easily accessible and economically feasible (Delang 2006a). Many ethnobotanical
researches and surveys are being conducted at regional and local levels to better
understand how human societies collect, manage, and interpret the local plants
which they utilize as food and medicine (Pardo-de-Santayana and Macía 2015).
Most such recent studies reveal a gradual decrease in traditional knowledge about
wild plant usage and management among local communities (Singh and Bedi 2017;
Luo et al. 2019; Yeşil et al. 2019; Thorn et al. 2020; Punchay et al. 2020; Aziz et al.
2021; Pascual-Mendoza et al. 2021; Ghanimi et al. 2022). According to a review by
Schunko et al. (2022) regarding the change in perceptions of WFPs and mushrooms
among local people, 92% of all reported changes in wild edibles are related to their
decreased abundance, and fruits and vegetables account for 76% of the wild edibles
with decreasing abundance, whereas CWRs account for 23%.

12.4 Threats to Wild Food Plants and Crop Wild Relatives

The existing agrobiodiversity is threatened mainly by the combined effects of
anthropogenic activities and natural calamities (Chaudhary et al. 2020). The rise in
human population is contributing significantly to the devastation of agrobiodiversity
(Khumalo et al. 2012; Montenegro de Wit 2016) in different ways, such as
uncontrolled and unsustainable practices of natural resources exploitation,



urbanization, (Ebert and angels 2020) introduction of exotic species, and forest land
usage for expanding agricultural operations (FAO 2017; Hunter 2012). Apart from
these human interventions, unavoidable climate change, desertification, the spread of
invasive species and natural disasters also contribute to the deterioration of the
diversity of WFPs and CWRs (Fatima et al. 2020; Norton et al. 2017; FAO 2017;
Gupta et al. 2020). The extinction risk analysis of wild varieties of some vital crop
species in Mesoamerica, known for its agricultural significance as the center of crop
origins and highly diverse CWRs, revealed that among 224 CWRs analyzed, 35% of
them are under the risk of extinction (Goettsch et al. 2021). Land conversion for
agriculture, as well as current agricultural techniques such as herbicide use and urban
expansion, were some major threats to CWR species in Mesoamerica (Goettsch et al.
2021). Climate change causes biotic and abiotic stresses to WFPs through varying
rainfall and temperature patterns, heat waves, weeds and pest outbreaks, and changes
in sea level and atmospheric CO2 concentrations (Raza et al. 2019). According to
van Treuren et al. (2020), climate change has a significant influence on the distri-
bution of red-listed CWRs in the Netherlands. Their findings indicate that the
distribution areas of CWRs that are categorized as being critically endangered
have been declining owing to changing climatic conditions. A similar study by
Vincent et al. (2019) also points out the impact of climate change on CWRs
distribution. They analyzed the number of CWRs under different crop types
expected to lose 50% or more of their current ranges by 2070 due to climate change
and found that the root, bulb, or tuberous vegetable CWRs are facing distribution
loss, followed by cereals and leguminous CWRs. Some CWRs such as Zea perennis
and Vicia hyaeniscyamus are expected to lose 100% of their distribution area by
2070. Jarvis et al. (2008) studied the influence of climate change on wild relatives of
three crop plants, potato (Solanum tuberosum), peanut (Arachis hypogaea), and
cowpea (Vigna unguiculata), and decline and fragmentation of distribution of area
were observed together with increased extinction risk of some species. South African
WFPs distribution patterns tend to vary under uncertain temperatures and the
geographic range of certain traditional WFPs is changing due to rising temperature
(Wessels et al. 2021). The nonavailability of optimal climatic conditions reduces the
WFP species richness (Wessels et al. 2021), conversely the increasing temperature is
predicted to influence some species positively by providing optimal growth condi-
tions and lengthened growing season (Phillips et al. 2017).

12 Conservation of Wild Food Plants and Crop Wild Relatives: Planning,. . . 297

The Green Revolution of the 1960s and 1970s popularized modern cultivars,
which were widely adopted by farmers. It quickly displaced the genetically diverse
traditional and wild landraces that had existed for centuries, making traditional
diversity only to be found in gene banks or other conservation initiatives
(Ford-Lloyd et al. 2011). As a result of plant breeding techniques, the agricultural
diversity was decreased through the introduction of mono-cropping system with
genetically uniform cultivars (Dwivedi et al. 2016). The plant breeding studies
should utilise the potential of CWR diversity, but CWRs have been underrepresented
in gene bank-like conservation programs (Castañeda-Álvarez et al. 2016). Besides
that, the genetic pollution or the gene flow from exotic and invasive species along
with genetically modified and conventional crops causes a significant threat to



agrobiodiversity (Gepts and Papa 2003) and its in-situ conservation efforts. Tradi-
tionally, protected areas have not been designed by considering CWRs, and legis-
lation is needed to encourage CWRs and WFPs protection in the same way that rare
breeds of domestic animals are safeguarded (Bettencourt et al. 2007). Genetic
erosion is the common threat to WFPs diversity in biotically disturbed ecosystems
(Fu 2017), and conservation efforts in combination with information gathering about
the plant features are vital for maintaining diversity (Pandey et al. 2005).
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Uncontrolled use of wild resources and modification of the wild landscape can
drastically reduce agrobiodiversity (Upreti and Upreti 2002). For example, due to
human population pressure and agricultural expansion, frequent deforestation
reduces the forest land area. In the case of Northwest Ethiopia, wildfires, fuelwood
collection, overgrazing, and overharvesting were reported as a threat to WFP
diversity (Berihun and Molla 2017). A similar study suggests that introduction of
exotic species such as Eucalyptus and agricultural land expansion forced the WFPs
to be grown in farmlands, farm boundaries, and watershed areas instead of their
natural habitat (Kidane and Kejela 2021). Even in protected regions, the lack of strict
legislation for the conservation of wild flora leads to unrestricted use. However,
even when rules are very strictly enforced, the illegal harvesting of traded medicinal
plants and timber is obeserved in from different parts (Khakurel et al. 2021). This
shows that rules are not always effective but a community consciousness and
awareness about the loss of biodiversity among the locals is also crucial for con-
serving the WFP biodiversity.

The traditional knowledge about WFPs is also under threat, and the younger
generation abandons it. Traditional knowledge is passed down from generation to
next generation (Yuan et al. 2014). The risk of losing traditional knowledge is
increasing among the younger generation due to the death of older adults, increased
deforestation of natural forests, monoculture of economic plants, reduction in
the availability of WFPs (Cao et al. 2020), and socio-economic changes (Ju et al.
2013). A study by Reyes-García et al. (2013) on changes in traditional knowledge
about WFPs among Amazonian indigenous people found that the usage of wild plant
and knowledge regarding them have decreased. The loss of traditional knowledge
can undoubtedly result in biodiversity loss, particularly WFP species. Therefore,
preservation of local traditional knowledge is essential for safeguarding agro-
biodiversity (Luo et al. 2019).

12.5 Conservation Priorities and Strategies

12.5.1 Conservation Priorities

CWRs have always been at the forefront in the improvment of the agronomic traits
of the modern varieties, enabling resistance to adapt and survive to a multitude of
stresses in their natural environment. Therefore, conservation of the CWRs is a
prominent concern in the context of its importance in various aspects of cultivated



plant species (Heywood et al. 2007). In an anthropological context, CWRs serve as
an important resources to strengthen global food security. Medicinal, food, and
ornamental value are some of the significant prioritization criteria (Ciancaleoni
et al. 2021). The evaluation of habitat, climate and associated threat, anthropological
impacts on the CWRs is essenial to outline the priorities for conservation
(Castañeda-Álvarez et al. 2016). Besides that, the extent of utilisation of the gene
pool of the CWR in plant breeding, socio-economic status of the cultivated crop,
degree of threat exposed and endemicity of the wild relative are also considered
(Idohou et al. 2013). The taxonomic and geographical information related to CWRs
can help to refine the priority strategies (Castañeda-Álvarez et al. 2016). The
geographic distribution of CWRs is an essential criterion in the formulation of
conservation priorities as some CWR plants are native to two or more countries or
to just one country which calls for better coordination among nations (Lala et al.
2018). By understanding the importance of CWRs in global food supply chain,
production network and food security, the CWRs of some important crops are
prioritized for conservation at global, national, regional and local level (Rahman
et al. 2019). For example in Indonesia, out of 234 prioritized CWRs, 99 were crucial
at global and national level such as the CWRs of banana, rice, mango, sorghum,
sweet potato, citrus and coconut. 69 CWRs were important at national and regional
level such as sugarcane and tropical fruits and 70 taxa including fig and yams were
important only at global level (Rahman et al. 2019). The prioritization strategies at
regional level are more focused on the production value, location, energy supply,
nutrient content and threats faced by the plant (Zair et al. 2018).
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The development of prioritization strategies for conservation helps to narrow
down the checklist of CWR to be conserved and broadens the conservation activities
which results in the effective conservation (Labokas et al. 2018). Maxted et al.
(2007) discussed the role of national inventories in generation of conservation action
plans of CWRs in United Kingdom. National CWR inventory serves an important
function by describing the significant CWR crops for conservation by analysing their
threat status, diversity, present conservation status, recognition of conservation sites,
pattern of distribution and development of action plans (Maxted et al. 2007). They
suggested that, the development of National CWR inventory, can easily prioritize the
CWR taxa for conservation, which is easy to identify their threats through the
genetic and ecogeographical investigation. The recognition of threats for the CWR
can identify the gaps in conservation action plans and thereby effective in-situ and
ex-situ conservation programs can be established (Maxted et al. 2007). The process
of inclusion of CWR members into the prioritization list follows a highly selective
methodology where the major focus is on the endemicity of the wild variety, and its
socioeconomic importance to the country’s economic status (Rahman et al. 2019).

Prioritization should be aimed at wild relatives with restricted distribution rather
than CWR population with wider global existence (Perrino and Wagensommer
2021). According to Brehm et al. (2010), there is no stringent method for setting
the criteria for prioritization; it largely depends on the aim of our conservation and
the available information. Brehm et al. (2010) formulated nine prioritization criteria:
habitat status, economic worth, ethnobotanical significance, worldwide distribution,



country-wise distribution, ex-situ conservation status, in-situ conservation status,
legal norms, and threat status and they used this criteria on the Portuguese CWRs.
Ciancaleoni et al. (2021) suggested that prioritization of CWRs for their role in the
functioning of the ecosystem is noted but focus on the species level is more worthy.
Prioritization also considers the phylogenetic distance between the CWR and the
cultivated variety (Viruel et al. 2021). The closer the links between CWRs and the
related crops, the more ease with which gene donation from the wild relatives can
occur (Maxted et al. 2010). Consideration of all the priority criteria is important to
find appropriate in-situ and ex-situ conservation modes (Brehm et al. 2010). While
prioritising conservation strategies, aspects such as threat status, closeness to the
domesticated crop, traits of interest, distribution, status of conservation, availability
and legal frameworks are important (Engels and Thormann 2020). The establish-
ment of a priority list of CWRs at different geographic locations following different
criteria serves as an index to aid in constructing sustainable policies for the preser-
vation of high-priority CWRs (Castañeda-Álvarez et al. 2016). Categorization of
taxa based on a final priority score (FPS) ranging from zero to ten, sets a base for
collecting the wild relatives and increasing their representation in the gene banks
(Castañeda-Álvarez et al. 2016). Khoury et al. (2013) prioritised 21 taxa from
69 genera of USA which are related to major food crops. Within the major categories
formulated as part of the criteria, there are subcriteria to accommodate all the
variants of CWRs with proper positions signifying their value. IUCN Red List
Categories and Criteria represent the baseline for grouping the CWRs including
Extinct in the Wild (EW), Critically Endangered (CR), Vulnerable (VU), Near
Threatened (NT), Least Concern (LC), Data Deficient (DE) and Not Evaluated
(NE) (IUCN 2020). The commercialization potential and the current and future
trade potential of the cultivated crops also serve as a baseline under economic status
to prioritize the conservation of its CWR (Perrino and Perrino 2020). In this manner,
prioritization baselines and strategies differ with regional, and international bound-
aries, where the value is based on the yield of CWR-related crops and the production
quantity of the related food crops. A high priority is given for the CWRs that face
threats due to the alteration of natural habitats within prescribed boundaries
(Fitzgerald et al. 2013). It is also mandatory that assigning priority to conserve any
taxon should necessarily correlate to its existing conservation initiatives (Brehm
et al. 2010). After the establishment of conservation strategies, if the conserved
CWR attains a significant population, they can be readily excluded from the current
conservation priority list, and other CWRs can be considered for conservation
(Nduche et al. 2021). In South Africa, Holness et al. (2019) reported that the
identification and conservation of CWR endemics with narrower distribution were
given priority. Those with broader distribution status were not targeted for conser-
vation policies since they face a lesser rate of endangerment. As depicted in the study
by Mponya et al. (2020), climate change adaptation is also a feature considered as a
prioritization criterion. Maxted et al. (2010) provides an important 14 point strategy
for the improvement of conservation of CWRs for the next 10 years. Some of these
points include analysis of gaps, bioclimatic modelling, establishment of genetic
reserves, monitoring and popularisation of the conserved species, development of
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core collections and characterisation and evaluation of the CWRs for the beneficial
traits (Maxted et al. 2010). But the utilisation of CWRs for breeding programs,
consumption by consumers and popularity across the globe can provide actual
results for the conservation policies. Ethnobotanical importance of the CWRs is
also important for their conservation (Ciancaleoni et al. 2021). Ensuring the protec-
tion of the WFPs and CWRs should be prioritized for their sustainability and to
strengthen the global food security (El Mokni et al. 2022). Figure 12.2 provides an
outline of the priorities that act as a guide for the conservation of the CWRs and
WFPs.
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Fig. 12.2 Priorities for the conservation of WFPs and CWRs (Created with BioRender.com; see
Sect. 12.5.1)

12.5.2 Conservation Strategies

For effecive conservation of the CWRs, estimation of the number of the CWR
species is crucial (Maxted et al. 2012). Both ex-situ and in-situ conservation methods
are important for the conservation of the CWRs, however most of the earlier
conservation programs were focused on ex-situ conservation, which are found to
be less effective (Maxted et al. 2012). Although ex-situ conservation methods were
taken in the earlier instances, it is associated with several issues such as difficulty in
collection, maintainence and propagation and costs associated with it (Meilleur and
Hodgkin 2004). These issues including the research on natural introgressions
between the crops and the CWRs led to increase in the interest in in-situ conservation
(Meilleur and Hodgkin 2004). Meilleur and Hodgkin (2004) provides an extensive
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list of the examples of in-situ conserved CWRs from various countries. While
focussing on in-situ conservation, it is also important to consider the other factors
that influence the CWRs, for example the role of birds for the wild species of Chili
(Tewksbury et al. 1999). Since CWRs grow in the wild, they carry adaptive traits
that are absent from the domesticated crops, therefore CWRs from the wild are
crucial for the introgressions and crop improvement (Warschefsky et al. 2014). The
main challenge for in-situ modes is that the natural habitats of these wild plants are
getting threatened and there is also profound negative effect of climate change.
Therefore, in the present context, there is an immediate need for conserving CWRs
by alternative methods as well (Meilleur and Hodgkin 2004). A vast majority of the
CWR population existing in the biodiversity-protected areas remain unidentified, so
recognition and proper representation of them along with significant moderation of
in-situ management protocol of the reserved areas can lead to the conservation of the
CWRs (Vincent et al. 2022). In-situ mode is a method of conservation that promotes
sustenance of the CWRs in the wild which enables further diversification of wild
characters by evolution (Rahman et al. 2019). As per Brown and Hodgkin (2015),
incorporation of these diverse characters into the agriculture stream is important. As
described by Heywood et al. (2007), various countries adopt diverse CWR prioriti-
zation factors with major emphasis on geographic surroundings for the adoption of a
suitable mode of conservation method.
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The ex-situ mode proceeds with efforts such as the collection of seeds of CWRs
where educational societies and government collaborates are involved in the selec-
tion of seeds of significant CWRs (Zair et al. 2021). The role of botanical gardens in
CWR conservation pertains to the protection of wild relatives of the staple crops.
The botanical gardens also help in the dissemination of the information regarding
CWRs to the general public which may trigger further conservation strategies
(Kumar 2021). Seed banks store seeds of crops and wild relatives used for a variety
of purposes and act as an important ex-situ conservation method, the seed banks act
as important repositories of the crops (Hay and Probert 2013). However, seed banks
depend on several important factors such as the seed germination, maturity and
development (Hay and Probert 2013). It is important to note that conservation
strategies are devised regionally and depend upon several factors including the
availability of CWR diversity and threats associated with it.

A check list of the CWRs of Czech Republic was prepared and a conservation
strategy was devised for their conservation (Taylor et al. 2017). Fielder et al. (2015)
inventorised 148 priority CWRs of England and suggested in-situ and ex-situ
conservation plants.

Cryopreservation can be used to conserve the seeds of CWR and WFPs which
failed in ex-situ seed banks and this technique is particularly important for endan-
gered species of CWRs (Pence et al. 2017). Plant tissue culture (PTC) has diverse
applications including the storage of germplasm (Thorpe 2007). In-vitro culture is
globally accepted as an efficient method for the germplasm storage and propagation,
and for plants where seeds are not viable or seeds are not available, it is possible to
apply in-vitro conservation techniques (Rajasekharan and Sahijram 2015). The PTC
is widely applied as a tool for the conservation of endangered plants (Oseni et al.



2018). The major benefit of tissue culture is that it needs only a small space and a few
plants for the initial culture (Oseni et al. 2018). Lauzer et al. (1992) developed clones
of wild yams viz. Dioscorea abyssinica Hoch, and D. mangenotianaMiège through
their nodal culture. Singh et al. (2019) developed an efficient protocol for the
propagation of wild relative of chickpea (Cicer arietinum L.) viz. Cicer
microphyllum Benth. from excised embryo. Hence, it is clear that in-vitro propaga-
tion can be successfully applied for the conservation of germplasm of CWRs and
WFPs for long term and short term.
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Conservation strategies including both ex-situ and in-situ modes should be
analyzed so that the most efficient means of conservation can be targeted (Padulosi
et al. 2011). An integrative strategy by utilising both modes of conservation can be
applied to balance the difficulties and limitations of ex-situ and in-situ conservation
(Meilleur and Hodgkin 2004). A major policy undertaken in Europe for the conser-
vation of the CWR populations is to identify hotspots and their inclusion into
Important CWR areas, which call for the immediate need for conserving this wild
wealth (Maxted et al. 2015). Conservation of these valuable genetic resources from
the wild is important. Protection of these plants ensure their sustainable presence
even in the future. The involvement of various local communities in the conservation
of the CWRs and WFPs is important to ensure their sustainable use (FAO 2017).
International Treaty on Plant Genetic Resources for Food and Agriculture
(ITPGRFA) mandates that CWRs should be made publically available, which is
important for the conservation of and research on the CWRs (Tyack et al. 2020).
Since CWR are rich in nutrient composition, by focusing on this aspect, its utility as
food and fodder, the farmer community and the animal husbandry sector would
promote its cultivation and thereby conservation (Perrino and Wagensommer 2021).

Assessing and addressing anthropogenic harm inflicted upon the CWRs is a
major strategy to reduce unsustainable utilization and thereby ensure the proper
management of CWR resources (Engels and Thormann 2020). Those communities
staying near the forests collect the WFPs from the forest and rely on their existence
for livelihoods and other aspects, therefore, these communities promote the conser-
vation of the wild species as their surivival is linked to the availability of the WFPs
(Delang 2006b). Therefore, there is an intimate relationship between the communi-
ties and the WFP resources and the communities take interest in the usage, manage-
ment and conservation of the WFPs (Evans 1993). This strategy should also be
therefore combined with the conservation of WFP resources and CWRs. Formula-
tion and implementation of appropriate conservation priorities and strategies at
different levels is a vital step in establishing a proper CWR conservation frame
(Rahman et al. 2019). Collaborative efforts between developing and developed
nations is also important for the future conservation of the CWRs and WFPs.
Considering all this, it is clear that regional, national and global strategies are crucial
for the conservation of the wild genetic resources of a sustainable present and future,
it is also important to identify the crucial CWRs and priorities should be devised to
conserve them (Ford-Lloyd et al. 2011). On the basis of this small discussion, it can
be stated that strategies for the conservation of the WFPs and CWRs depend upon
their use value, locality, availability, threat and conservation status. It also depends



on the geographical location of the CWRs or WFPs and more importantly the local
and national policies of a respective country are also crucial for the determination of
the conservation strategy. Identification and inventorisation of the CWRs diversity
and their hotspots are also very important to begin with any conservation strategy.
Figure 12.3 provides an outline for the formulation of a conservation strategy for the
conservation of the CWRs and WFPs.
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Fig. 12.3 An example of an appropriate and effective strategy for the conservation of WFPs and
CWRs (Created with BioRender.com; see Sect. 12.5.2)

12.6 Legal Frameworks for the Protection of CWRs
and WFPs

Since CWRs and WFPs are collected from the wild in different countries, their
conservation falls within the jurisdiction of a particular country (Montenegro de Wit
2017). The CWRs and WFPs from different countries are also different and plants
may need different strategies for protection, therefore the legal frameworks of each
country should be different. In the African countries, they focus on the multi-use
regulatory framework by including access to the local people to utilize the WFPs for
traditional uses, thereby ensuring coordination among the local population and the
public institutions (Cunningham 2014). In 2010, Convention on Biological Diver-
sity (CBD) formulated and presented a plan consisting of 20 targets known as the
Aichi Biodiversity Targets which are spread across 5 strategic goals (CBD 2020;
Garcia and Rice 2020). Target 13 emphasized the sustenance and conservation of the
cultivated plants and animals including their wild relatives by 2020 (CBD 2020). It
further aimed to ensure appropriate measures to protect the diverse gene pool of the
wild relatives to arrest their genetic erosion (CBD 2020). With an aim to arrest the
loss of plant biodiversity, CBD also established a Global Strategy for Plant Conser-
vation (GSPC) program comprising of 16 targets (CBD 2011). The GPSC
envisioned a symbiotic relationship between the plant genetic diversity and the
humans with a major focus on the sustainable use of the plant resources for liveli-
hoods and wellbeing while protecting the plant diversity including their habitats
(CBD 2011). Target 9 of GPSC aimed to conserve 70% of crop diversity including
their wild relatives with due respect towards indigenous knowledge and its
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protection. The International Treaty on Plant Genetic Resources for Food and
Agriculture in Article 5 details about conservation, exploration, collection and
evaluation of the plant genetic resources culminating in the maintenance and docu-
mentation of proper records of the plant genetic wealth (FAO 2001). Moreover, the
treaty has a functional funding policy to extend support to developing countries to
activate the efforts that fall under their idealized conservation protocol (Esquinas-
Alcázar 2005). The Second Global Plan of Action for Plant Genetic Resources for
Food and Agriculture, adopted by FAO member countries in 2011, signifies partic-
ular remarks on the broader aspects of conservation and suitable integrated
approaches for its judicious utilization by the people (Mba et al. 2020). Legal
frameworks are usually postulated within national borders, where effective strategies
are formulated with the coordination of neighboring countries. As per CBD, the
CWR protection falls under the country’s jurisdiction. On a broader scale, develop-
ing countries have imposed national-level based restrictions on the unlimited access
to plant genetic resources for food and agriculture (PGFRA; Esquinas-Alcázar
2005). Concerning in-situ conservation, the primary prerequisite is to have a solid
national strategy, which gets further integrated with other countries, to widen the
approach to a global base. The Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) is an important agreement with the
governments that ensures judicious global wildlife trade and ensures that there is
no survival threat to the wild animals and plants (Fuchs 2008). In the present
situation of increase in the illicit trade of wild plants, considering its demand and
relevance in food security, this convention stands at the forefront to ensure the
sustainable use and availability of wild plants in the market. It emphasizes trade,
which should work as per the national legal norms (Lavorgna et al. 2018). ITPGRFA
mandates that monetary benefits obtained through the commercialization of the seed
banks should be used for the conservation and management of the crop genetic
resources (Perrino and Perrino 2020). There is an illegal trade of some endangered
plants that are highly important economically and medicinally. For the protection of
WFPs, especially those which are endangered and critically endangered, laws of
each country should be strengthened and international coordination should be
established to tackle the illegal trade of the important wild plant resources (Reeve
2014). Pharmaceutical companies are also known to exploit wild plant resources
without caring about their sustainability. There should be stringent laws globally to
regulate the harvest of WFP resources for pharmaceutical purposes. National gov-
ernments need to consider the international treaties and conventions to make their
legislations that deal with the protection of the CWRs and WFPs. Several countries
have evolved their own laws for the effective implementation of the international
treaties and conventions. However, there may be certain locally important CWRs
and WFPs and there may be local challenges to their conservation that needs local
solutions. Therefore, while evolving a legislation, local needs, challenges and issues
should also be considered.
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12.7 Future Prospects of CWRs and WFPs

With an expected increase in population to nine billion by 2050, the future will
revolve around finding answers to how this massive population can be fed (Godfray
et al. 2010). Climate change is also posing great threat to the food security by
reducing crop productions in various corners of the world. As the land resources are
also declining and the current crops are susceptible to stresses, using CWRs for the
improvement of the domesticated crops is an important area to enhance the food
production and create resilient crops that can withstand vagaries of the environment.
Plants are in a constant race to combat the pathogens which mutate faster, due to
which cultivated varieties are always exposed to the biotic and stressful environ-
ment. The significant fact is that, CWRs possess resistance to these kinds of novel
emerging pathogen strains, therefore, the future would constantly rely on the wild
genetic resources (Hajjar and Hodgkin 2007). Plant breeding utilize the significant
traits of the CWRs and incorporate them into the narrow genetic base of cultivated
varieties (Tanksley and McCouch 1997). CWR accessions in Genbank are incom-
plete, which means this wild wealth’s identity is still to be acknowledged. Therefore
documentation of these wild resources would be a key in the future to utilize this
genetic diversity in crop improvement programs and the medium that can be utilized
would be well-formulated protocols and complementary taxonomic input
(Dempewolf et al. 2017). CWR stands as an underutilized wild species whose
worth increase in the future as the climate change threatens them and all other
domesticated crops. The underutilised crops hold the key to the future, they will
be helpful in the diversification of the crops and crop production systems (Padulosi
et al. 2011). Considering all these insights on the importance of CWRs and on how
things are going to be in the future, the core need is its sustainable utilization and a
strong hand in its conservation.

12.8 Conclusions

This chapter focuses on the requirement for the conservation of CWR and WFPs
detailing their significance. Taking the current trend of climate change and the
subsequent consequences, the urge to protect wild genetic wealth is the need of
the hour. Ensuring global food security needs multiple initiatives from different
corners. Therefore, to feed the world with appropriate nutritional quality, increasing
the yield of staple food crops by genetic enhancement need the existence of the wild
progenitors of the crops with remarkable genetic superiority. All the conservation
needs and appropriate priorities depend upon the proper action plans considering the
threat status at global, national, regional, and local levels. The sustenance of wild
genetic resources will be extremely vulnerable in the future if we do not make plans,
strategies and take action appropriately. Anthropogenic activities are at the centre of
the depletion of wild resources. In the context of the harm inflicted by man on natural



resources, the possible way to counteract this is to value indigenous knowledge and
support the local communities to earn economic benefits as well. The importance of
a collaborative approach to club in-situ and ex-situ modes with local community
participation is noteworthy. These underutilized wild relatives should be utilized
sustainably and made available in the markets, vital scientific research should be
complemented to monitor their population to avoid extinctions. Sustainable utiliza-
tion along with conservation would be the most desirable framework to ensure that
their diversity thrives in the wild. Considering all the facts, we conclude that, over
time, things can’t be changed, judiciously devised protocols for conservation and the
urge to protect biodiversity and sustainable utilization would be the key.
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