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Africa is home to important centers of origin and diversity of crop wild relatives (CWR),
including many species adapted to adverse agroecological conditions, namely drought
and poor soils. Plant genetic resources from Cabo Verde Islands have been poorly
explored for their potential to supplement the genetic pool of cultivated species. In
this paper we identify Cabo Verde’s CWR from the Poaceae family and provide a
checklist of priority CWR taxa, highlighting those of particular conservation concern
and the areas which should be the focus of the most intensive conservation efforts
in these islands. Our results revealed that Cabo Verde archipelago is an important
center of CWR diversity of West African crop millets, namely fonio (e.g., white fonio,
Digitaria exilis, and black fonio, Digitaria iburua) and other African millets [e.g., pearl
millet (Cenchrus americanus = Pennisetum glaucum), teff millet (Eragrostis tef), finger
millet (Eleusine coracana), barnyard millet (Echinochloa colona), proso millet (Panicum
miliaceum), and foxtail millet (Setaria italica)], which represent a diverse group of cereal
crops, and important components in agriculture and food security of this country. Also,
hotspot areas of diversity for in situ conservation were identified in Cabo Verde, as well as
several populations occurring under extreme habitats conditions that are well adapted to
drylands and poor soils. The evaluation of their potential for new ecologically important
adaptive characteristics associated with tolerance to abiotic stresses is discussed.
The survey of international Germplasm Banks revealed that very few accessions from
Cabo Verde are conserved, contributing to the loss of genetic diversity of plant genetic
resources in this archipelago. Particularly, the diversity of millets and the associated
indigenous knowledge are critical for the food security and cultural identity of many poor
farmers in Cabo Verde.

Keywords: conservation strategies, crop wild relative (CWR), millets, plant genetic resources, grass flora, oceanic
island, prioritization
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INTRODUCTION

Crop Wild Relatives (CWR) are those species growing in
natural habitats that are genetically related to food, fodder
and forage crops, medicinal plants, condiments, ornamental
and forestry species used by humankind (Maxted et al., 2006).
CWR are valuable sources of adaptative traits, contributing
to biotic and abiotic stress tolerance, and thereby allow crop
improvements with a wide range of agronomical and nutritional
benefits (Castafieda-Alvarez et al., 2016). As actual or potential
gene donors, CWR have a wide range of important genetic
traits due to their widespread adaptation to different habitats
and to continuous in situ evolution and because they have
not undergone domestication processes (Vincent et al., 2013;
Zhang et al., 2017).

Considering an increasing population, the conservation
of CWR diversity to ensure food security is of paramount
importance and has been widely recognized by several world
organizations, namely the Food and Agriculture Organization
(Vincent et al., 2013). The Global Crop Diversity Trust
has proposed projects like the “Global initiative to collect,
conserve, and use crop wild relatives” (Dempewolf et al,
2014), and the 2030 agenda of Sustainable Development
Goals (SDGs), implemented in 2015 by the United Nations,
advocates the promotion of sustainable agriculture (SDGs2) by
reinforcing resilience and adaptation to climate change (SDGs13)
and preventing desertification and protection of biodiversity
(domesticated and wild species) (SDGs15) (Sonesson et al., 2016).
Like other Plant Genetic Resources, CWR are mainly threatened
by the impacts of anthropogenic activities, such as habitat
destruction, pollution and urbanization, and even competition by
invasive species, but climate changes seem to be a particularly
serious problem for this group (Ford-Lloyd et al., 2011; van
Treuren et al., 2017; Teso et al., 2018; Allen et al., 2019).
Some CWR may be passively conserved in situ due to strategies
targeting other species, namely in protected areas, but specific
conservation linked to CWR remains necessary.

The need for CWR conservation has been widely discussed
(Heywood et al, 2007; Maxted et al, 2013) and the CWR
inventory seems to be a crucial step to identify the conservation
requirements (Zhang et al., 2017; Teso et al., 2018). Approaches
to protect CWR diversity can involve an individual, national,
regional or global level planning, with prioritization criteria
that should ensure a successful conservation strategy with
limited resources for implementation (Allen et al, 2019).
The prioritization criteria can be adjusted according to the
conservation strategy to be adopted, however, the main ones are:
(i) economic value of the related crop, mainly its importance
for human food and livestock supply; (ii) genetic potential as
gene donor, priority being given to CWR that are more closely
related to the crop; (iii) occurrence status of the CWR, as native,
introduced or invasive on the geographical area in question;
and iv) threat status (Maxted et al., 2013). Moreover, the Gene
Pool (GP) (Harlan and de Wet, 1971) and Taxonomic Group
(TG) (Maxted et al., 2006) concepts are used to determine
the crossability between a crop and CWR. They are based on
genetic and taxonomical relativeness, respectively GP and TG,

and determine how closely a CWR relates to a crop and how easily
they can cross (Maxted et al., 2006; Vincent et al., 2013).

The Poaceae family, with the third highest global priority
among crop wild relatives, accounts for ca. 150 priority
CWR distributed over 18 genera [Aegilops (=Amblyopyrum),
Agropyron,  Avena, Cenchrus (=Pennisetum),  Digitaria,
Echinochloa, Eleusine, Elymus, Hordeum, Oryza, Panicum,
Saccharum, Secale, Setaria, Sorghum, Tripsacum, Triticum, and
Zea] which, all except Aegilops and Tripsacum, belong to the
global priority list of 92 CWR genera (Vincent et al., 2013).
Among these genera are found most of the species that are wild
relatives of the main consumption cereal crops (e.g., rice, wheat,
maize, and oat), and other Poaceae food crops, such as sugarcane
and sorghum, that substantially contribute to the human dietary
energy (Vincent et al., 2013; Allen et al., 2019). Furthermore, in
the semi-arid tropical regions of Africa and Asia, millets (small
grain crops) are important sources of energy and protein for
millions of persons living in developing countries (Amadou
et al, 2013). The millets group comprises many different
species, with pearl millet (Cenchrus americanus = Pennisetum
glaucum), foxtail millet (Setaria italica), proso millet (Panicum
miliaceum), and finger millet (Eleusine coracana) being the most
important ones (Dwivedi et al., 2012; Amadou et al., 2013; Tadele,
2016). The maintenance of African millet diversity depends on
agricultural, food and livelihood dynamics at the farmer level,
since every community holds local cultivars to address their
agroecological conditions, farming practices, and food needs
(IPGRI, 2002). Small millets of the Poaceae family have been
commonly mentioned as ‘smart foods™ or ‘nutri-cereals’ because
they are more efficient in water and nitrogen use than major
cereals like rice or maize (Muthamilarasan and Prasad, 2021).
They grow in a diverse range of environmental conditions, as
they are more tolerant to diseases, pests, and abiotic stresses
(Vetriventhan et al., 2020).

To secure the long-term conservation, worldwide genebanks
hold accessions of cultivated and wild germplasm of small
millets, but only of the most important species, as is the case of
finger millet, foxtail millet, and proso millet (Muthamilarasan
and Prasad, 2021). Recently, Varshney et al. (2017) report the
whole-genome sequence of pearl millet, providing an important
resource to improve agronomic traits in arid environments and
accelerate millets crop improvement.

Millets are well adapted to adverse climatic conditions (limited
rainfall) and are mainly cultivated in marginal agricultural areas
(Tadele, 2016), playing a major role in rural agriculture of
West African countries, and particularly in the tropical dry
islands of Cabo Verde (Teixeira and Barbosa, 1958). Although
its agriculture is limited by a set of natural constraints (e.g.,
persistent drought periods, scarcity of quality soil, small territory
available as farmland), this archipelago has shown considerable
progresses toward overall development in the agriculture sector
during the last two decades (Varela et al., 2020). Nevertheless,
there is only official information on cultivation for two
Poaceae species, Zea mays (maize) and Saccharum officinarum
(sugarcane) (Monteiro et al., 2020). Maize is cultivated as a
rainfed crop and used for human food and fodder; sugarcane
is the most important irrigated crop and occupies the largest
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harvest area, its main purpose being the production of a by-
product, the highly alcoholic drink “grog,” very much appreciated
and exported as a national product (Monteiro et al., 2020).

Therefore, and despite the great importance of the Poaceae
family as the dominant element of the native flora of Cabo
Verde, the potential of plant genetic resources of these islands
to supplement the genetic pool of cultivated species has
been poorly explored. Considering the huge wealth of natural
grass populations occurring in these islands under extreme
environmental conditions, from dry lowlands to less dry altitude
zones or even to subalpine regions (Neto et al., 2020), assessing
the diversity of wild species with potential adaptive characteristics
for abiotic stress tolerance would generate new data on varieties
of Cabo Verde adapted to drought conditions (Essoh et al., 2020).
This could contribute to valorise plant genetic resources and, in
the future, to generate new eco-products with national economic
impacts at the industry and economy levels.

Although this is one of the most important plant families in
Cabo Verde and despite the importance of several crop species for
humans and livestock, studies are scarce, particularly concerning
the diversity of grasses in this archipelago. Moreover, there are
threats, particularly to the endemic flora (Romeiras et al., 2016),
requiring in situ (in natural habitats) and ex situ (in gene banks)
conservation of the unique plant genetic resources that can assist
the improvement of these crops and, consequently, ensure food
security (Monteiro et al., 2020).

In this paper we intend to identify Cabo Verde’s CWR from the
Poaceae family and to provide a checklist of priority CWR taxa,
highlighting those of particular conservation concern. Based
on a gap analysis, hotspot areas of Poaceae CWR diversity
will be identified for this archipelago, in order to provide new
data to propose future in situ conservation actions. Also, the
total number of ex situ accessions will be identified for the
African continent and, specifically, for Cabo Verde, in order to
support future management of seed collection and conservation
of local plant genetic resources. Finally, for the priority CWR
Poaceae species identified, a comparative global analysis will be
performed, and the results will be discussed in the context of West
African food security.

MATERIALS AND METHODS

Study Area

Cabo Verde is a North Atlantic Ocean archipelago and
corresponds to the southernmost islands of Macaronesia. It is
located at latitudes 14°45" - 17°10’ N and longitudes 22°40" -
25°20" W, about 1,350 km south-west of the Canary Islands and
ca. 560 km from Senegal’s coast. The archipelago (see Figure 1)
has a total area of ca. 4,033 km? and includes ten major islands
distributed in three groups: Northern Islands [Santo Antio,
Sdo Vicente, Santa Luzia (the only uninhabited island), and
Sao Nicolau]; Eastern Islands (Sal, Boavista and Maio); and
the Southern Islands (Santiago, Fogo and Brava) (Duarte and
Romeiras, 2009). Currently, the population is estimated at 556
thousand inhabitants but is expected to reach 679 thousand in
2050 (United Nations [UN], 2019).

Cabo Verde has a dry tropical climate with two well-
marked seasons conditioning the distribution of its flora and
vegetation (Neto et al, 2020). The long dry season of 8-
10 months varies between November and July, and the sparse
and irregular humid rainy season of 1-3 months, usually occurs
from August to October (Monteiro et al., 2020). Mean annual
temperature is usually around 25°C with low thermal amplitude,
due to maritime influence; lowest monthly average temperatures
normally occur in January or February (ca. 18°C), and the
highest in September (ca. 27°C), however, temperatures as
high as 35-40°C can occur in internal regions of the arid
Eastern Islands (Duarte and Romeiras, 2009). The average
annual relative air humidity ranges from 75% to more than
80% (Monteiro et al, 2020). Particularly, the topography of
the islands contributes to significant spatial variations of flora
and vegetation, with altitude and exposure to northeast trade
winds leading to contrasting weather conditions (Duarte et al.,
2008). The northern and southern islands are characterized by
high mountains, offering a wide range of habitats over relatively
short distances, whereas the eastern islands are lower and drier
(Romeiras et al., 2015). Particularly, the lowland flora of Cabo
Verde is markedly of Afrotropical origin and dominated by
grass species, whereas the endemic mountain flora that mainly
occurs on the north/northeast-facing slopes shows affinities
with Madeiran and Canarian flora (Rivas-Martinez et al., 2017;
Freitas et al., 2019).

Poaceae Crop Wild Relatives’ Inventory
and Data Collection

The Poaceae checklist from Cabo Verde was mainly based on
data collected in previous fieldwork and inventories performed
over the last two decades by M.C. Duarte, and on data from the
literature (e.g., Lobin, 1986; Arechavaleta et al.,, 2005). Further
data was obtained from specimens housed in worldwide herbaria
(e.g., LISC, LISU, COL K, and P), from Cabo Verde collections
(e.g., in Parque Natural do Monte Gordo, Sdo Nicolau Island),
and information available in the Global Biodiversity Information
Facility website (GBIF.org, 2020).

After completing the checklist of Cabo Verde CWR species,
specific information was gathered on: (i) their status in Cabo
Verde Islands - native or introduced; (ii) their distribution in
the archipelago - number of islands where the species occur;
(iii) their area of occupancy (AOO) calculated with a 1 km?
grid using occurrences of each species with valid coordinates,
with QGIS v.3.10.5 software (QGIS Development Team, 2020);
(iv) their world distribution; (v) their confirmed and potential
traits and respective gene pool or taxon group, based on the
Crop Wild Relative Project database (CWR, 2019); and (vi) their
ethnobotany, according to information from GRIN - Germplasm
Resources Information Network (USDA, 2020), Plant Resources
of Tropical Africa (PROTA4U, 2020) and Cabo Verde herbarium
data. Taxonomical nomenclature was checked according to Plants
of the World Online - The Plant List (2013) and POWO (2019).

Crop species and their scientific names were gathered from
the available literature (Dwivedi et al., 2012; Amadou et al,
2013; Vincent et al., 2013; Tadele, 2016). The native distribution
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FIGURE 1 | Crop wild relatives (CWR) Poaceae species occurring in Cabo Verde: status and distribution in the archipelago. The area of the circles is proportional to
the number of species. Status: |, introduced; N, native. Island abbreviations: SA, Santo Antéo; SV, S&o Vicente; SL, Santa Luzia; SN, S&o Nicolau; S, Sal; B,

Boavista; M, Maio; ST, Santiago; F, Fogo; B, Brava.

of each crop species was obtained from GRIN (USDA, 2020),
preferentially, and from POWO (2019). Additionally, for each
crop species two measures of food supply — protein (g/100 g) and
fat (g/100 g) — were retrieved from available literature (Kajuna,
2001; Belton and Taylor, 2004; Amadou et al., 2013; Chandi
and Annor, 2016; Taylor, 2016; Williams et al., 2016; Wrigley,
2016) and the ICRISAT website (ICRISAT, 2020); also, two
measures of global agricultural production - harvested area (ha)
and production quantity (tons), using data from three recent
years (2016-2018) (Food and Agricultural Organization of the
United Nations [FAOSTAT], 2020) - were included. When the
information on the agricultural production was aggregated for
the listed crop, which is usually the case of millets, the values
were disaggregated through division of the total value by all the
identified crops.

Importance and Priority Scores

For the Cabo Verde Poaceae wild relatives, the genetic potential
as gene donor of each CWR species was identified, based on
the gene pool concept (sublevel: GPla, GP1b, GP2, and GP3)
or, when this information was unavailable, on the taxon group
concept (sublevel: TGla, TG1b, TG2, TG3, TG4, and TG5).
According to Maxted et al. (2006) and Vincent et al. (2013), the
highest priority CWR is the one that can most easily cross with
the crop, namely GP1b, GP2, when using gene pool concept or
TG1b, TG2, and TGS3, in the case of the taxon group concept.
The genetic potential as gene donor is one of the most used
parameters to establish conservation priorities.

The importance of each associated crop was estimated by
applying the “Importance Score” (IS), adapted from Castafeda-
Alvarez et al. (2016). The Importance Score was produced:
initially, by dividing the food supply (protein and fat) and
the agricultural production (harvested area and production
quantity) by the maximum existing value across all crops;

then, the food supply and agricultural production metrics were
averaged separately; finally, the Importance Score was produced
by averaging the mean food supply and mean agricultural
production values (Castafieda-Alvarez et al., 2016).

In this study, a “Priority Score” (PS) for each CWR was
calculated based on nine criteria (see Table 1), two directly related
with the associated crops (I and II) and seven with the crop wild
relatives themselves (III to IX). The prioritization criteria were
adapted from Heywood et al. (2007) and Maxted et al. (2013).
For each class, within each criterion, a value of 1-3 was assigned
concerning conservation importance (1 - low, 2 - medium, 3 -
high) as follows: (I) crop Importance Score - 1 (IS < 0.2), 2
(0.2 < IS < 04), 3 (IS > 0.4); (II) native distribution of the
crop - 1 (native out Africa), 2 (native to Africa, excluding West
Africa), 3 (native to West Africa and other regions); (IIT) genetic
potential as gene donor of the CWR - 1 (GP3 or TG3), 2 (GP2
or TG2), 3 (GP1 or TG1); (IV) number of associated crops - 1,
2, or 3 (respectively, with one, two or three crops); (V) status in
Cabo Verde - 1 (introduced, native from regions out of Africa), 2
(introduced, native in Africa but not in Cabo Verde), 3 (native in
Cabo Verde); (VI) distribution in Cabo Verde — 1 (>6 islands),
2 (4-5 islands), 3 (1 - 3 islands); (VII) area of occupancy, as a
proxy to the threat status in Cabo Verde - 1 (>40 km?), 2 (21 -
40 km?), 3 (<20 km?); (VIII) world distribution - 1 (native out
Africa), 2 (native to Africa, excluding West Africa), 3 (native to
West Africa, and other regions); (IX) ethnobotanical uses - 1 (<2
uses), 2 (3 — 4 uses), 3 (>4 uses). For each CWR species, PS results
from the sum of all the values assigned to it and priority classes
were established as follows: low - up to 18; medium - up to 21;
high - higher than 21.

For the CWR species related to more than one crop (as,
for instance, Echinochloa colona to barnyard millet and Indian
barnyard millet, see Table 2), the Priority Score (see Table 3) was
calculated considering, for each criterion, the highest assigned
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TABLE 1 | Summary of the nine criteria and the scores assigned to each CWR and its associated crop.

No. Criteria Score 1 - Low Score 2 - Medium Score 3 - High
Associated crop | Crop Importance Score (IS) IS<0.2 02<185<04 IS > 0.4
Il World native distribution of Native out Africa Native to Africa, excluding Native to West Africa and
the crop West Africa other regions
CWR 1l CWR genetic potential as GP3or TG3 GP2 or TG2 GP1or TG1)
gene donor
\Y Number of associated 1 2 3
crops
1\ CWR status in Cabo Verde Introduced, native from Introduced, native in Africa Native in Cabo Verde
regions out of Africa but not in Cabo Verde
Vi Distribution in Cabo Verde >0 islands 4-5 islands 1-3 islands
(number of islands)
Vil Area of occupancy (AOO) > 40 km? 21-40 km? <20 km?
Vil World native distribution Native out Africa Native to Africa, excluding Native to West Africa and
West Africa other regions
IX Ethnobotanical uses <2 uses 3-4 uses >4 uses

score (e.g., if a CWR belongs to GP1 of one crop and to
GP3 of another, a score of 3 was given). For comparative
analyzes of crops, the mean PS was gathered adding the
individual values of all the CWR associated to a given crop
and dividing the total by the corresponding CWR number
(Castafieda-Alvarez et al., 2016).

Diversity Hotspots and in situ

Conservation Gap Analysis

The distribution of Poaceae CWR in Cabo Verde was estimated
with occurrence data collected from previous fieldwork, studied
specimens housed in worldwide herbaria and information
available at the GBIF website (GBIF.org, 2020). Specimens
without geographical coordinates were georeferenced following
the Guide to Best Practices for Georeferencing (Chapman and
Wieczorek, 2006) and using Google Earth Pro 7.3.2.5491 (Serea,
2018). Duplicate records, i.e., with the same collector and the
same number of collection, were excluded. The final dataset
with 675 occurrences with geographical coordinates was used
in the analysis.

The altitudinal distribution of each CWR species was
estimated based on the interception of the occurrence records
with the map of altitude provided by CGIAR-CSI Consortium
for Spatial Information (CGIAR-CSI Consortium for Spatial
Information, 2020) at a resolution of 90 m. To summarize
these data, we built a boxplot graph, using R version 3.6.0. (R
Development Core Team, 2020).

Based on georeferenced occurrence data, we also constructed
a species richness map using QGIS v.3.10.5 (QGIS Development
Team, 2020). This map presents the number of species occurring
in each cell of 4 km?, allowing to identify the areas of greatest
diversity of CWR species in Cabo Verde. Species occurrences and
diversity hotspots were then overlaid with the national network of
protected areas of Cabo Verde, downloaded from Infra-estrutura
de Dados Espaciais de Cabo Verde (IDE-CV, 2020). This analysis
aimed to assess the coverage and efficiency of the network of
protected areas to preserve CWR species, identifying the main
conservation gaps.

EXx situ Conservation Analysis

The status of ex situ conservation of Cabo Verde’s Poaceae
CWR in worldwide genebanks was assessed through the Genesys
Database (Genesys, 2020). Comprehensive data for West Africa
and specifically for Cabo Verde were identified in order to
support future management of seed collection and conservation
of local plant genetic resources.

RESULTS
Diversity of Cabo Verde Poaceae CWR

The inventory of the Poaceae family revealed that ca. 123
native and introduced taxa occur in Cabo Verde Islands.
Twenty-six species are CWR, including five native species
(Eleusine indica, Eragrostis cilianensis, Eragrostis ciliaris, Setaria
pumila, and Setaria verticillata) that are widespread in the
archipelago, occurring in more than 7 islands, and seven
species (Avena barbata, Avena sativa, Digitaria eriantha,
Hordeum vulgare, Imperata cylindrica, Panicum laetum, and
Sorghum arundinaceum) that occur only in a single island
(Figure 1). Santiago has the highest diversity of species (21),
including 17 native and four introduced ones (Figure 1).
Santo Antdo, also with 21 CWR, is the island hosting more
introduced species (A. barbata, A. sativa, D. eriantha, H.
vulgare and Sorghum bicolor). The lowest number of CWR
was found in Sal (3 species), and Santa Luzia (1 species -
S. verticillata).

Among the CWR species, six are the wild forms of the
identified crop (i.e., A. sativa, E. colona, Echinochloa crus-galli,
H. vulgare, Paspalum scrobiculatum, and S. bicolor) and three
(E. colona, E. crus-galli, and S. bicolor) are associated with
more than one crop. Of the CWR occurring in Cabo Verde,
twenty are native to the islands and the remaining six taxa
are introduced; four of the latter have a native distribution
range in Africa (Table 2, more details in Supplementary
Table 1). Three crops (fonio, pearl millet, and sorghum) have
native distributions exclusively in the African continent, and
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TABLE 2 | List of (A) Poaceae crops considered in this study, their Importance Score and native distributions; and (B) the associated crop wild relatives occurring in Cabo Verde Islands and information on their gene
pool, native status, and uses.

(A) Crops (B) Associated crop wild relatives
Crop name Scientific name Importance Score Native distribution CWR occurring in Cabo Gene Status in Uses
Verde pool Cabo Verde
Barley Hordeum vulgare L. 0.504 Africa (N); Europe; Asia Hordeum vulgare* GP1 | H, F, Fo, E, M, Me
Barnyard millet Echinochloa colona (L.) 0.304 Africa; Middle East; South Echinochloa colona* GP1 N H, F, Fo, E
Link, Echinochloa crus-galli Asia. Europe (E) Echinochloa crus-galli* GPA1 | H, F, E, Me
(L.) P.Beauv.
Finger millet Eleusine coracana subsp. 0.189 Africa; Asia (Temperate) Eleusine indica GP1 N H, FSV, Fo, M, Me
coracana (L.) Gaertn.
Fonio Digitaria exilis (Kippist) Stapf ~ 0.304 Africa (W) Digitaria ciliaris GP3 N H, FV, E
(white fonio) & Digitaria Digitaria eriantha GP3 | F, Fo, E, M, Me
iburua Stapf (black fonio) T ) )
Digitaria horizontalis GP3 N H, F
Digitaria nodosa GP3 N Fov
Digitaria nuda GP3 N H, F
Digitaria sanguinalis GP3 N F Fo, E
Foxtail millet Setaria italica (L.) P.Beauv. 0.383 Africa (N); Europe; Asia Setaria verticillata GP2 N H, FSV Fo, E, M, Me
Setaria pumila GP3 N H, FSV E, M, Me
Indian barnyard millet Echinochloa frumentacea 0.203 Asia (S) Echinochloa colona GP1 N H, FCV, Fo, E
Link. Echinochloa crus-galli GP3 | H, F, E, Me
Japanese barnyard millet  Echinochloa esculenta 0.203 Asia (E) Echinochloa crus-galli GP1 | H, F, E, Me
(A.Braun) H.Scholz
Kodo millet Paspalum scrobiculatum L. 0.210 Africa; Pacific; Asia; Paspalum scrobiculatum™ GP1 N H, F, Fo, E, M, Me
Australia
Oat Avena sativa L. 0.537 Middle East Avena sativa* GP1 | H, F, Fo, Me
Avena fatua GP1 N F, Fo, Me
Avena barbata GP3 | F
Pearl millet Cenchrus americanus (L.) 0.449 Africa (W, C, S) Cenchrus pedicellatus GP3 N F, Fo, M, Me
Morrone Cenchrus polystachios GP3 N H, F E M, Me
subsp. atrichus
Proso millet Panicum miliaceum L. 0.272 Asia (Temperate) Panicum laetum GP3 N H, F, Me
Sorghum Sorghum bicolor (L.) 0.469 Africa Sorghum bicolor* GP1 | H, F, Fo, E, M, Me
Moench Sorghum arundinaceum GP1 N H, FSVY, M, Me, O
Sorghum halepense GP2 N H, F, Me
Sugarcane Saccharum officinarum L. 0.502 Oceania (New Guinea) Imperata cylindrica GP3 N H, F, E, M, Me, O
Sorghum bicolor GP3 | H, F, Fo, E, M, Me
Teff (millet) Eragrostis tef (Zuccagni) 0.254 Africa (E); Middle East Eragrostis pilosa GPA1 N H, F, Me
Trotter Eragrostis cilianensis TG2?2 N H, F%V, Fo, E, M
Eragrostis ciliaris TG22 N H, FSV, M, Me

CWR taxon: *The wild form of the crop. Status: I, introduced; N, native. CWR uses: H, human consumption; F, forage; Fo, fodder; E, environmental;, M, materials;, Me, medicinal; O, other; SV, with information reported

for Cabo Verde. (a) according to Ingram and Doyle (2007).
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TABLE 3 | Poaceae CWR occurring in Cabo Verde, their native status, distribution, area of occupancy, gene pool, scoring of the prioritization criteria and conservation priority levels.

CWR taxon Native Number of Area of Gene pool Criteria and respective scores? Priority Priority
status islands occupancy (higher Score category
(km?) level) Associated crop CWR
1 ] nm v v \'/| vil Vi IX
Avena barbata | 1 1 GP3 3 1 1 1 1 3 3 2 1 16 Low
Avena fatua N 1 <05 GP1 3 1 3 1 3 3 3 2 2 21 Medium
Avena sativa | 2 3 GP1 3 1 3 1 1 3 3 1 2 18 Low
Cenchrus pedicellatus N 6 23 GP3 3 3 1 1 3 1 2 3 2 19 Medium
Cenchrus polystachios subsp. atrichus N 2 3 GP3 3 3 1 1 3 3 3 3 3 23 High
Digitaria ciliaris N 5 50 GP3 2 3 1 1 3 2 1 3 2 18 Low
Digitaria eriantha | 2 1 GP3 2 3 1 1 2 3 3 2 3 20 Medium
Digitaria horizontalis N 6 21 GP3 2 3 1 1 3 1 2 1 1 15 Low
Digitaria nodosa N 3 1 GP3 2 3 1 1 3 3 3 3 1 20 Medium
Digitaria nuda N 5 56 GP3 2 3 1 1 3 2 1 3 1 17 Low
Digitaria sanguinalis N 3 2 GP3 2 3 1 1 3 3 3 2 2 20 Medium
Echinochloa colona N 5 35 GP1 2 1 3 2 3 2 2 3 2 20 Medium
Echinochloa crus-galli | 1 < 0.5 GP1 2 1 3 3 1 3 3 1 2 19 Medium
FEleusine indica N 7 54 GP1 1 3 3 1 3 1 1 3 3 19 Medium
Eragrostis cilianensis N 9 45 TG2 2 2 2 1 3 1 1 3 3 18 Low
Eragrostis ciliaris N 9 38 TG2 2 2 2 1 3 1 2 3 2 18 Low
Eragrostis pilosa N 3 <0.5 GP1 2 2 3 1 3 3 3 3 2 22 High
Hordeum vulgare | 1 2 GP1 3 2 3 1 1 3 3 2 3 21 Medium
Imperata cylindrica N 1 3 GP3 3 1 1 1 3 3 3 3 3 21 Medium
Panicum laetum N 2 1 GP3 2 1 1 1 3 3 3 3 2 19 Medium
Paspalum scrobiculatum N 3 14 GP1 2 3 3 1 3 3 3 3 3 24 High
Setaria pumila N 7 40 GPS3 2 2 1 1 3 1 2 3 3 18 Low
Setaria verticillata N 10 75 GP2 2 2 2 1 3 1 1 2 3 17 Low
Sorghum arundinaceum N 1 1 GP1 3 3 3 1 3 3 3 3 3 25 High
Sorghum bicolor | 4 7 GP1 3 3 3 2 2 2 3 3 3 24 High
Sorghum halepense N 20 GP2 3 3 2 1 3 2 3 2 2 21 Medium

aCriteria: (1) crop importance; (ll) world native distribution of the crop; (Ill) CWR genetic potential as gene donor; (IV) number of associated crops; (V) CWR status in Cabo Verde; (VI) distribution in Cabo Verde (number

of islands); (V) area of occupancy; (VIll) world native distribution; (IX) ethnobotanical uses.
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six (barley, barnyard millet, finger millet, foxtail millet, kodo
millet, and teff) have a native range that includes Africa; the
other five crops (Indian barnyard millet, Japanese barnyard
millet, oat, proso millet, and sugarcane) are non-native to
Africa (Table 2).

Based on 675 occurrence records (Supplementary Table 2),
we analyzed the altitudinal distribution of the studied CWR
species; it ranges from sea level (D. ciliaris, E. cilianensis,
and S. pumila) to 1,780 m (E. ciliaris) (Figure 2). Most
species have a large altitudinal distribution, occurring from low
altitude to more than 1,000 m. The species Digitaria nodosa,
E. colona, and E. cilianensis were identified mainly in lower
areas, with median altitudes of 320, 201, and 313 m, respectively.
The species H. vulgare and I cylindrica stand out for their
ability to grow at high altitude, with medians of 1,306 and
1,560 m, respectively.

Crop Importance and CWR Priority

Scores

Among the Poaceae crops considered in this study, five
can be considered of high importance according to the
Importance Score (Table 2): pear]l millet, sorghum, sugarcane,
barley, and oat. Eight crops are of medium importance:
Indian barnyard millet, Japanese barnyard millet, kodo millet,
teff (millet), proso millet, barnyard millet, fonio, and foxtail
millet. Only the finger millet was classified as of low
crop importance.

The “Priority Scores” (PS) for crop wild relatives, ranging
from 15 to 25, with score 15 corresponding to low priority
CWR (Digitaria horizontalis), and CWR with the highest priority
(score 25) being S. arundinaceum (Table 3, Figure 3, and
Supplementary Table 3). From the 26 identified CWR, five
(19.2%) taxa were ranked as high priority, 12 (46.2%) as medium
priority and nine (34.6%) as low priority (Figure 3). In terms
of gene pool, 10 taxa were classified as GP1 (38.5%), four as
GP2 and TG2 (15.4%), and 12 as GP3 (46.1%) (Table 3). Three
species are wild relative to more than one crop: E. crus-galli,
GP1 of barnyard millet and Japanese barnyard millet, and GP3
of Indian barnyard millet; E. colona, GP1 of barnyard millet and
Indian barnyard millet; and S. bicolor, GP1 of sorghum and GP3
of sugarcane.

Except for Boavista, mountain islands (maximum altitude
between 900 and 2,800 m) are those with high-priority taxa
(Figure 4 and Supplementary Table 4) such as S. arundinaceum,
S. bicolor, P. scrobiculatum, Cenchrus polystachios subsp. atrichum
and Eragrostis pilosa. In Santa Luzia only one CWR occurs
(S. verticillata); this may be related to the fact that this island has
been subject of less botanical exploration over the last decades
than the inhabited islands, as well as to fewer available habitats
due to its limited area.

A comparative view of the importance of Poaceae crops
and their associated CWR in Cabo Verde is represented in
Figure 5 (more details in Supplementary Table 5). Among the
nine crops with native distribution in the African continent,
six occur in West Africa, with kodo millet, sorghum and pearl
millet being those with more associated high-priority CWR

[P. scrobiculatum (kodo millet); S. arundinaceum and S. bicolor
(sorghum); C. polystachios subsp. atrichus (pear]l millet)]. Among
priority species to collect and conserve, the CWR of sorghum
and pearl millet should be highlighted (upper right part of
Figure 5: PS > 21; IS > 0.4). Fonio is the crop with more
associated CWR in Cabo Verde (6), with a native distribution
exclusive to West Africa and all the associated CWR being used
as forage (Table 2); however, the low Importance Score of the
crop together with the fact that all the fonio CWR present in
Cabo Verde belong to GP3, place this group as of low priority.
Although this crop presents a medium Importance Score (0.304)
it is an important African crop, which supports animal livestock
and some human supply. Oat, sugarcane and barley, non-native
to Cabo Verde, are among the most important crops; their
associated CWR in Cabo Verde are mainly introduced species,
with native distributions in Africa.

The CWR species themselves have important uses. We
identified seven species with six different uses, six species with
five uses, and eight species with four uses; nine species have three
or less uses (Table 2). The most common use is as fodder (26
taxa), followed by human consumption (20 taxa) and medicinal
applications (18 taxa).

Information regarding confirmed and potential traits are
only available for barley, oat and sorghum crops, and mainly
concerning abiotic, agronomic and biotic traits, such as
drought tolerance, yield improvement and pathogen resistance,
respectively. For the remaining crops, and especially millets, no
information is available.

In situ Conservation: Hotspots and

Conservation Gap Analysis

The main diversity hotspots are found in Santiago and Santo
Antdo (Figure 6). The maximum of eight species per cell of
2km x 2 km was found in Santiago, between Pico da Anténia and
Rui Vaz, including one high priority (P. scrobiculatum) and two
medium priority species (Cenchrus pedicellatus and E. indica).
Another important hotspot was found in the same island, near
Ponta de Santa Cruz, with seven species, including one of high
conservation priority (P. scrobiculatum) and four of medium
priority (C. pedicellatus, E. colona, E. indica, and S. halepense). In
Santo Antdo, the highest diversity was found in Padl (northeast of
the island), with six species, two of them of medium conservation
priority (D. nodosa and E. colona).

The most diverse areas in terms of species richness are
generally outside the protected areas (Figure 6). Only 8.1% of the
occurrence records, corresponding to 18 species (three species
of high priority, eight of medium priority, and seven of low
priority), are found within protected areas. Cova-Paul-Ribeira da
Torre Natural Park, in Santo Antéo, hosts the highest number of
CWR with seven species, however, only one of them is of high
conservation priority and one is of medium priority (S. bicolor
and D. nodosa, respectively). Six taxa, including two of high
priority (C. polystachios subsp. atrichus and P. scrobiculatum)
and two of medium priority (D. sanguinalis and E. indica), are
found in Serra da Malagueta Natural Park. Five CWR species
occur in Monte Verde Natural Park, three of them are medium
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crus-galli and Eragrostis pilosa) were not included in this figure.

FIGURE 2 | Altitudinal distribution of CWR records in Cabo Verde Islands. The boxplots show the minimum (at the bottom of the chart, at the end of the vertical line),
first quartile, Q1, (the bottom edge of the box), the median (line in the center of the box), third quartile, Q3 (the top edge of the box), the maximum (at the top end of
the vertical line), and outliers (circles). Species represented with a single line have only one recorded occurrence. Species without records (Avena fatua, Echinochloa

priority (C. pedicellatus, E. colona, and E. indica). Eight species —
A. barbata, A. fatua, D. eriantha, D. horizontalis, E. crus-galli,
E. pilosa (high priority), P. laetum, and S. arundinaceum (high
priority) —, were not found in protected areas.

EXx situ Conservation

The analyses of the accessions present in global genebanks
reveal that 25 species (96.1%) of CWR mentioned in the present
work are currently conserved ex situ (Table 4). Considering the
accessions collected worldwide, H. vulgare (252,545 accessions),
a medium priority species, is the CWR with the highest number
of accessions, followed by the high priority species S. bicolor
(123,473 accessions), and the low priority species Avena sativa
(53,617 accessions). Three taxa (11.5%) have 1,000 - 2,000
accessions, seven taxa (26.9%) have 100 — 1,000 accessions, and
12 taxa (46.2%) have 1 - 100 accessions. The only species without
accession is Digitaria nuda.

Most high priority species are generally well represented in
world genebanks: S. arundinaceum has a total of 430 accessions,
but only 11 were collected in West Africa, namely in Mali;
S. bicolor has more than 120,000 accessions; P. scrobiculatum
has 1,114 accessions, 13 of them collected in West Africa;
C. polystachios subsp. atrichus is very poorly represented, with

only 3 accessions, two of them from West Africa; and E. pilosa
has 51 accessions, including nine from West Africa.

Considering only the accessions collected in Cabo Verde,
we found one, of S. bicolor, hosted in the International Crop
Research Institute for the Semi-arid Tropics (ICRISAT) in India.

DISCUSSION

Climate change in Sub-Saharan Africa (SSA) has been impacting
water resources, and agricultural and food systems, particularly
during the first decade of the 21st century, the warmest
decade on record (Rickards and Howden, 2012; Hartmann
et al, 2013). Cabo Verde Islands are highly susceptible to
climate change due to consecutive years of drought and their
poor soil structure, intensified by scarce vegetation cover
(Neto et al., 2020).

In drylands, the importance of Poaceae species extends
from the cultivation of grasslands and erosion control to, and
especially, uses by humans (e.g., supply of cereals) and livestock
(e.g., fodder and forage) (Capstaft and Miller, 2018; Mganga
et al., 2019). More than half of the population’s food supply
is provided by three grass crops (i.e., rice, wheat, and maize)
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FIGURE 3 | Priority for collecting and conserving the CWR Poaceae. Different colors represent different priority categories: green — highest (PS > 21), gray — medium

(21 = PS > 18), and blue — low (PS < 18).
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which are particularly important in developing countries where
they provide food security and nutrition to local populations
(Tadele, 2016).

Our study identified 26 Cabo Verde’s CWR from the Poaceae
family. This archipelago is an important center of wild diversity
of African crop millets, namely of fonio (e.g., white fonio
D. exilis, and black fonio, D. iburua) and other African millets,
such as: pearl millet (C. americanus), teff millet (E. tef), finger
millet (E. coracana), barnyard millet (E. colona), proso millet
(P. miliaceum), and foxtail millet (S. italica). African millets
represent a diverse group of cereal crops, which are well adapted
to adverse agroecological conditions (Gari, 2002). Millets and
their wild forms represent critical plant genetic resources for the
agriculture and food security of poor farmers who inhabit arid,
infertile, and marginal lands (Teixeira et al., 2013). The Food
and Agriculture Organization has announced the year 2023 as
‘International Year of Millets, recognizing the potential of these
crops to fight malnutrition and hunger in developing countries
(Muthamilarasan and Prasad, 2021).

Both millets and sorghum CWR of Cabo Verde occur
under extreme climatic conditions in this archipelago, being
presumably more resilient to climate change. Some of the
CWR species found in Cabo Verde, namely S. bicolor, H.
vulgare, and A. fatua, have already shown high tolerance
to droughts and saline environments (Dinari et al., 2013;
Ogbaga et al,, 2014; Gous et al, 2015). Moreover, a study
conducted by Gurney et al. (2002) revealed that Sorghum

arundinaceum is highly tolerant to infection by Striga
hermonthica and Striga asiatica root hemiparasites known
to attack crops and cause great losses in production. Also,
Sorghum halepense is comparatively less susceptible to downy
mildew infection (caused by Peronosclerospora sorghi) than
the associated crop (Kamala et al., 2002). Thus, Cabo Verde’s
CWR could be a valuable source of resistance genes to
increase the tolerance of their related crops to biotic and
abiotic stresses.

According to Adhikari et al. (2015), the estimated yield loss by
the end of this century due to climate change is less than 20% for
African millets and sorghum, whereas for other grain crops, such
as wheat, a reduction of as much as 72% is foreseen, and for rice
and soybean, of up to 45%.

In Cabo Verde, the greatest richnesses of CWR were found
in Santiago, Santo Antdo, and Fogo islands, with ten or more
different taxa; the species richness roughly increased with the
area and maximum altitude of the island, which is related
with more available habitats, in agreement with other studies
on endemic flora (Romeiras et al., 2015, 2016). Also, these
islands have more agricultural activity but, except for the
cultivation of sugarcane, which is the primary irrigated crop
of Cabo Verde (Monteiro et al., 2020), there are no official
reports on the cultivation/production of the Poaceae crops
included in this study. Some CWR are the wild forms of
cultivated crops (e.g., E. colona, E. crus-galli, H. vulgare, P.
scrobiculatum, and S. bicolor) and most of them grow on
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FIGURE 6 | Species richness of the CWR Poaceae species in Cabo Verde Islands, in 2 km x 2 km cells, and network of protected areas (green lines). The CWR

taxa occurring in each protected area are listed (right).

marginal agricultural areas, mainly of maize, and on grazing
areas. Barnyard millet (E. colona) occurs in lowland areas of Santo
Antio, Sao Vicente, Sao Nicolau, Maio and Santiago; it is well
adapted to arid ecosystems and tolerates soils with poor fertility.
Nevertheless, H. vulgare and I. cylindrica, the CWR of sugarcane
(S. officinarum) stand out for their ability to develop at high
altitudes (averaging 1,306 and 1,560 m, respectively). Currently,
sugarcane and maize are the most cultivated grass crops in
Cabo Verde, but other species are used in their wild forms,
for human consumption and, particularly, as forage (Monteiro
et al., 2020). The cultivated wild forms of millets could offer
a more sustainable food source than their related major crops
because they are more efficient in the use of water and nitrogen
(Muthamilarasan and Prasad, 2021).

Among the Poaceae species ranked as of high priority for
further collection in Cabo Verde, there are C. polystachios subsp.
atrichus, P. scrobiculatum, S. arundinaceum, S. bicolor, and
CWRs associated with fonio; all of these species are used in the
archipelago for human and animal consumption, as well as for
medicinal purposes (Romeiras et al., 2011).

In the past, these food plants have played an important role
in the diet and traditional medicine of African communities
(Catarino et al., 2016; Havik et al., 2018; Akinola et al., 2020).
Several of these species are important African crops (Amadou

et al., 2013; Tadele, 2016), but in Cabo Verde there are no
evidences of their cultivation, most of them being used for
livestock grazing (Barbosa, 1961) or has building materials (e.g.,
thatching with L. cylindrica).

Some of the reported Poaceae species are used since the
colonization of Cabo Verde (Barbosa, 1961; Romeiras et al.,
2011). Since the mid-1500s, Cabo Verde has become the subject
of numerous travel descriptions reporting on the local flora
and on the introduction of new crops such as sugarcane,
maize and cotton (Romeiras et al., 2018). Other reports, by the
chronicler Valentim Fernandes, confirmed the large production
and abundance of sorghum and pearl millet in the West African
region, from where they were imported at very early stages of the
colonization of this archipelago (Romeiras et al.,, 2014). These
African millets, together with rice, were the most important
crops during the settlement of Cabo Verde and the basis of the
population’s diet (Santos and Torrdo, 1998). In the 17th century,
pearl millet (milho zaburro, milho de magaroca or milho branco,
as was locally called), began to be intensively cultivated and made
this archipelago self-sufficient in cereals, only needing to import
cereals from West Africa in drought years (Teixeira da Mota
and Carreira, 1966). The introduction and cultivation of maize
(Zea mays L.) gradually replaced the role that African millets
had until the 18th century (Torrdo, 1995). Ancient reports refer
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TABLE 4 | Accessions of the studied species available in international Germplasm Banks.

CWR occurring in Cabo Provenance and number of accessions Countries holding Total accessions

Verde accessions
West Africa Africa (except West Other Regions
Africa)
Avena barbata 0 240 [Morocco (199); Libya 988 >10 1228
@)
Avena fatua 0 0 1876 >10 1876
Avena sativa* 0 0 53617 >10 53617
Cenchrus pedicellatus 30 [Niger (17); Mali (9); 62 [Cameroon (56); Central 61 5 153
Nigeria (2); Burkina Faso African Republic (3);
(1); Mauritania (1)] Ethiopia (3)]

Cenchrus polystachios 2 [Burkina Faso (1); Mali (1)] 1 [Central African Republic 0 1 3
subsp. atrichus Q)
Digitaria ciliaris 1 [Niger (1)] 8 [Tanzania (3); 9 5 18

Mozambique (2); Kenya (1);

Madagascar (1); Republic

of South Africa (1)]
Digitaria eriantha 0 584 113 6 697
Digitaria horizontalis 6 [Burkina Faso (5); Nigeria 0 1 4 7
M

Digitaria nodosa 0 4 [Kenya (4)] 1 2 5
Digitaria nuda 0 0 0 0 0
Digitaria sanguinalis 0 2 [Malawi (2)] 32 >10 34
Echinochloa colona* 19 [Mali (19)] 21[Kenya (8); Republic of 520 7 660

South Africa (4); Botswana

(3); Ethiopia (2); Malawi (2);

Sudan (2)]

Echinochloa crus-galli* 0 0 350 10 350
Eleusine indica 10 [Nigeria (7); Ghana (3)] 76 [Uganda (48); Kenya 82 >10 168
(22); Democratic Republic
of Congo (4); Burundi (2)]

Eragrostis cilianensis 9 [Mali (6); Burkina Faso (3)] 13 [Kenya (8); Madagascar 12 6 34
(4); Ethiopia (1)]

Eragrostis ciliaris 3 [Malli (2); Burkina Faso (1)] 9[Kenya (8); Madagascar 4 2 16
M1
Eragrostis pilosa 9 [Burkina Faso (6); Mali (3)] 23 [Kenya (18); Ethiopia (3); 19 6 51
Madagascar (2)]

Hordeum vulgare* 0 18391 [Ethiopia (all)] 234154 >10 252545
Imperata cylindrica 0 9 [Madagascar (3); Kenya 12 4 21
(2); Tanzania (2); Malawi (1);

Republic of South Africa (1)]
Panicum laetum 28 [Mali (24); Niger (2); 0 0 2 28
Mauritania (1); Burkina Faso
M
Paspalum scrobiculatum™ 13 [Mali (9); Niger (4)] 79 [Kenya (29); Zimbabwe 1022 7 1114
(17); Tanzania (7); Uganda
(7); Madagascar (5);
Republic of South Africa (5);
Ethiopia (9)]
Setaria pumila 0 6 [Cameroon (4); Kenya (2)] 81 10 87
Setaria verticillata 1 [Burkina Faso (1)] 4 [Botswana (4)] 28 9 33
Sorghum arundinaceum 11 [Mali (11)] 311 [Sudan (145); Kenya 108 9 430
(42); Republic of
South Africa (34); Uganda
(30); Angola (19); Ethiopia
(18); Egypt (13); Chad (10)]
Sorghum bicolor* 6729 [Nigeria (3488); Mali 37265 [Ethiopia (12112); 79479 >10 123473
(8240); Cabo Verde (1; Sudan (11444); Kenya
Accession number - IS (6526); Zimbabwe (4152);
27941; PGRFA Uganda (3031)]
doi: 10.18730/NS7TT)]
Sorghum halepense 0 17 [Sudan (9); Angola (4); 186 > 10 203

Republic of South Africa (4)]

CWR taxon: * = The wild form of the crop. Due to the floristic affinities with Cabo Verde and West African floras, the provenance of the accessions is provided. Accession
number and DOI are included to the only Cabo Verde accession.
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that maize was known by the Portuguese since the 16th century,
due to regular trade between Cabo Verde and the Antilles, where
this species is native. However, the cultivation of African millets,
more adapted to poor soils and with less water requirements, was
more appropriate than that of the American maize (Santos and
Torrdo, 1998). Since the end of the journeys to the Antilles and
the establishment of regular trade with Brazil, maize became the
food basis of the Cabo Verdean population (Santos and Torrdo,
1998) and is currently a dominant part of their diet (Monteiro
et al.,, 2020). The importance of historical factors and the role
played by Cabo Verde in the Atlantic navigation during the 16th-
19th centuries (Romeiras et al., 2020), contributed to change and
determine the present composition of Cabo Verde’s flora, with
more than 70% of exotic species, most of them introduced for
food purposes.

Therefore, the valorisation of the plant genetic resources
related to millet crops and their wild relatives is of major
importance to fight hunger and ensure food and nutrition
security in Cabo Verde. This archipelago is still very dependent
on food importations, particularly in years of prolonged and
severe droughts, as happened in 2017/2018 (Monteiro et al.,
2020). Adding to the adverse natural conditions, it is a small
and fragmented insular country, with inherent difficulties in
connections with West Africa and Europe, as well as between
islands, posing problems to the rapid provision of food (either
locally produced or imported) to more inaccessible rural areas,
namely in Brava, Sdo Nicolau, and Maio Islands. Despite recent
progress in reducing extreme poverty, ca. 30% of Cabo Verde’s
population still lives in multidimensional poverty with poor
health care, lack of education, and inadequate living standards,
which is a strong economic obstacle to meet the food needs of a
large section of the population (Varela et al., 2020).

Notwithstanding the recognized importance of African
millets, information available on online databases, such as GRIN
(USDA, 2020), revealed that data on these species and their wild
relatives are still limited. Also, the worldwide CWR inventory'
revealed that there is no information about confirmed traits for
millets. Therefore, ex situ conservation of plant genetic resources
of Cabo Verde must be a national priority in response to the rapid
loss of agricultural biodiversity, as there is only one accession
(S. bicolor, Genesys, 2020) available for Cabo Verdean Poaceae
CWRs in genebanks. New expeditions must be performed in
these islands, to collect CWR species growing in threatened
habitats, and targeted to priority species with few accessions
stored in worldwide genebanks, such as C. polystachios subsp.
atrichus, E. pilosa, I. cylindrica, P. laetum, and S. arundinaceum.
Most of these taxa have native distribution ranges in West Africa
and are important for human consumption and to feed livestock.
Moreover, and although their use is less widespread, some species
of the genus Urochloa (=Brachiaria) present in Cabo Verde are
considered small millets in Africa. Such is the case of Urochloa
deflexa (Schumach.) H.Scholz [=Brachiaria deflexa (Schumach.)
C.E.Hubb. ex Robyns] (guinea millet), used as food in the Sudan-
Zambezi and Yemenite regions in its wild form and, occasionally,
cultivated in the highlands of the Fouta Djalon (Porteres, 1976),

Uhttps://www.cwrdiversity.org/checklist/

and of Urochloa ramosa (L.) T.Q.Nguyen [=Brachiaria ramosa
(L.) Stapf] (browntop millet) more widespread as forage, but also
used as food in India (Kimata et al., 2000). In Cabo Verde, these
species are mostly referred to as forage. There is no record of
genetic material from Cabo Verde, where one of the five existing
Urochloa species is endemic [=Urochloa caboverdiana (Conert &
C.Kohler) Veldkamp, Potdar & S.R.Yadav], reinforcing the need
for its ex situ conservation.

Although ex situ conservation has had more worldwide
success than in situ conservation, probably because of its facility
of access by users and lower cost (De-Zhu and Pritchard,
2009; Diez et al., 2018), the establishment of the Protected
Areas Network in Cabo Verde has already contributed to
safeguard the archipelago’s natural heritage and endemic species
(MAAP, 2004; Romeiras et al, 2016). Our study was able
to identify hotspot areas for in situ conservation of CWR
populations across the archipelago, and species were identified
and correlated with habitat conditions, namely to detect which
ones are better adapted to drylands, highlands, and poor soils in
these islands.

FINAL REMARKS

The benefits of grass crops, namely African millets, and their
ancestral use in Cabo Verde, were highlighted in our study,
which also alerts to the need of rescuing cultural values,
and to the consumer’s unawareness of the advantages of
these plants, well adapted to the very dry conditions of this
archipelago. However, the adverse natural environmental
conditions of a small and fragmented insular country such
as Cabo Verde, with inherent difficulties in inter-island
transportation, hinder the supply of food products to rural
populations. So, it is necessary to produce more and with
better quality under various limitations, such as marginal
lands, water shortage, soil degradation, or climate change
(Castafieda-Alvarez et al, 2016). In this context, viable
approaches to improve food security are crucial, and the
systematic use of CWR in crop improvement appears essential
to face the increasing pressure on food production while
maintaining natural diversity. Cabo Verde’s plant diversity faces
increasing threats (Romeiras et al., 2016) due to desertification
processes, and native species remain a viable sustainable land
management option to fight degradation in these tropical
dry islands.
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