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Abstract: Local agrobiodiversity in remote areas such as the Moroccan High Atlas is poorly studied,
despite being of great importance for the sustainability and resilience of mountainous populations.
This includes important species such as wheat (Triticum spp.), barley (Hordeum vulgare), fava beans
(Vicia faba), peas (Pisum sativum), and alfalfa (Medicago sativa). This study aimed to better understand
varietal naming by farmers and the traits they use for assessing the current diversity of the five
species, in 22 locations, distributed across three hubs of the High Atlas. The data were provided by
282 Amazigh informants during focus-group discussions, household surveys, and market surveys,
with the support of the Diversity Assessment Tool for Agrobiodiversity and Resilience (DATAR). The
use of local terminology for variety names and systematically collected morphological, ecological,
and use descriptors appears to be a valuable way to assess local intraspecific diversity, and further
comparisons with genomic results are recommended. Furthermore, the results also indicate low
diversity at the household level, which contrasts with the greater diversity at the community level.
Larger areas are still planted with landraces compared to areas planted with modern varieties,
although the levels of richness (number) of both landraces and modern varieties are equivalent
overall. Many factors influence this diversity: the biophysical characteristics of the sites, the socio-
economic and management practices of farmers, and the availability of varietal diversity and of
modern varieties or landraces. Although selection processes have reduced the local diversity available
for economically important crops, we found that farmers still rely greatly on landraces, which present
traits and variability that allow them to adapt to local conditions.

Keywords: agrobiodiversity; agroecology; Amazigh; ethnotaxonomy; barley; wheat; fava bean;
pea; alfalfa

1. Introduction

The world’s reservoir of genetically diverse crop varieties allows farmers to adopt
a risk-management strategy [1-8]. With this diversity, farmers can achieve more stable
productivity and ensure the resilience of their production systems in multiple and changing
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environments [9-11]. The sustainability of agroecosystems, supported by the agrobiodi-
versity they contain, is crucial in a climate-change context [12-14]. This pool of genetic
material is also the main source for future breeding activities [15-19]. The farm-based
conservation of crop varietal diversity, through its sustainable use by farming communities,
is therefore essential to ensure healthy and resilient agricultural production systems for the
future [6,17,20-25].

Local traditional varieties are still maintained, adapted, and managed in farmers’
fields [10,14,16,26-30]. This is the case in Morocco [31-36], despite the major sociodemo-
graphic and economic changes that have occurred in its rural and mountainous areas over
the past decades through the overall social and economic development of the country.
The abandonment of traditional practices and landraces takes place while moving from a
predominantly rural population to a chiefly urban population, and as youths migrate to
the city [37]. The landrace diversity of barley (Hordeum vulgare L.), wheat (Triticum spp.,
particularly hard wheat, T. durum Dest.), fava beans (Vicia faba L.), peas (Pisum sativum L.),
and alfalfa (Medicago sativa L.) was the subject of past research [31-36,38-61].

It has been demonstrated that this crop-variety diversity allows farmers to adapt to var-
ious conditions and abiotic and biotic stresses, and it has been at the heart of management
options, particularly in extreme environments, mostly for small-scale farmers [9-14,62-64].
However, at the same time, this crucial intraspecific diversity continues to be eroded by
unsustainable management practices and the introduction of improved varieties, coupled
with agricultural inputs [16,65-70]. A better understanding of this diversity in farmers’
production systems is necessary for the implementation of adapted interventions to ensure
the conversation of this heritage for the benefits of the farmers themselves.

In this article, we assess the crop varietal diversity still found in the fields in the
High Atlas region for five major food crops in Morocco. We studied the varietal naming
by local farming communities of these species, and the amount and distribution of this
diversity across their production systems. The following crop species were selected for
their importance in the production and livelihoods of smallholder Amazigh farmers: barley
(Hordeum vulgare L.), wheat (Triticum spp., focusing on hard wheat, T. durum Desf.), fava
beans (Vicia faba L.), peas (Pisum sativum L.), and alfalfa (Medicago sativa L.) [59,65,70-73].
We also examined socio-economic and ecological factors to better understand their impact
on this diversity and its distribution. This gives an additional perspective on crop-variety
diversity, as little research has been conducted on the ways in which Amazigh communities
label and classify animal and plant agrobiodiversity [74,75].

This research was part of the project, “Conserving High Atlas agrobiodiversity to
improve Amazigh livelihoods in Morocco,” funded by the Darwin initiative for a duration
of three years, from 2020 to 2023, and carried out by the Global Diversity Foundation (GDF)
and the Moroccan Biodiversity and Livelihoods Association (MBLA). The data, including
the seed samples, were collected in 22 different locations in the Moroccan High Atlas (Al
Haouz and Azilal provinces). We first used an ethnographic approach [76], to characterize
the crops’ intraspecific diversity and then calculated for the different sites the diversity
indicators and area statistics [77] based on data collected using DATAR, the Diversity
Assessment Tool for Agrobiodiversity and Resilience (www.datar-par.org, accessed on 27
June 2023) developed by ®Icity, Marco Frangella, for the Platform for Agrobiodiversity
Research (PAR)), with contributions from local Amazigh communities.

2. Materials and Methods

The High Atlas Mountains cover a surface of 59,184 km?, stretching around 650 km
in length and between 50 and 100 km in width. They cover south-eastern Morocco from
the Atlantic Ocean in the west to the Algerian border in the east and are delimited to the
north by the valleys of the rivers Moulouya and Oum Er-Rbia and to the south by the
geological feature known as the ‘South Atlas Fault’ [78]. Inhabited mostly by small-scale
subsistence and transhumant farmers of Amazigh descent (speakers of Tashelhit to the
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west and Tamazight to the east), these mountains include multiple key biodiversity areas
in the Mediterranean basin hotspot [79].

Fieldwork sites in the High Atlas were divided into three ‘hubs’: Al Haouz to the
west (roughly corresponding to the municipalities of Aghouatim, Amizmiz, Asni, Imegdal,
Ouirgane, Oukaimeden, Ourika, Tahannaout, and Talat N"Yaaqoub), Demnate in the center
(municipalities of Ait Abbas, Ait Blal, Ait Boualli, Ait Oumdiss, Sidi Boulkhalf, Tabant,
and Tifni), and Azilal to the east (municipalities of Ait M’hamed, Tamda Noumercid, and
Zaouiat Ahansal). Differences in climate, altitude, soil type, and other parameters were
identified between the three areas (see Table S1 in the Supplementary Materials). Locations
of the study sites and surveys are presented in Figure 1.
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Figure 1. Central High Atlas map with locations of study sites and surveys.

Central High Atlas is characterized by temperatures ranging from 1.2 and 19.6 °C,
with a mean of 13.7 °C. Rainfall varies from 118 to 773 mm per year, with an average
value of 341 mm. Hubs are characterized by access to local markets, water from rivers and
water sources, depending on the context and natural environment of each site. The climatic
region of the High Atlas is subdivided into two climatic categories: one part features a cold
semi-arid climate (BSk), and the other features a hot semi-arid climate (BSh) [80].

The local communities” economies in this region consist of small-scale agriculture
(cereals, pulses, fruit trees, and others), extensive pastoralism (chiefly small ruminants),
revenues from services such as tourism, and outmigration to Moroccan cities or abroad [37].

Hubs were chosen to link to previous work in the area and for logistical purposes,
with reference to the FAO global agroecological zones (GAEZ) [81]. Table 1 presents the
main biophysical and socio-economic characteristics of the different sites with names of
douars (hamlets) and sites, names of tribes, numbers of surveys realized, elevation, rainfall,
temperature and soil type, accessibility of the douar, distance to local markets, and, finally,
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the main economic activities and overall estimates of economic conditions. A more detailed
description of the douars and hubs is available in Table S1 of the Supplementary Materials.

Table 1. Biophysical and socio-economic characteristics of field sites (FGD—focus-group discussions;
HHS—household surveys).

Name of . o o . . 3 Tempe- Accessi- Distance Main .
Douar/Hamlet Am.azuclv,h FléD HI\IIrIS Elevation Rainfall rature 3 Soil Type * bility by Local Economic CE;(t’:lri‘t(;gE; 5
(Hub) Tribe (m) (mm) ©C) Road 3 Market ° Activities
Tourism,
Asni * . Calcic . . agriculture,
(Al Haouz) Rhirhaya 0 45 1183 453 15 Xerosols Medium Medium livestock, Good
trade
Talat .
N’Yaaqoub*  Goundafa 0 15 1186 438 15 Lithosols Low Near Al‘ci”"i‘:;lot;‘;e' Low
(Al Haouz)
. Tourism,
C(’/‘ffga“;fze)“ Rhirhaya 1 0 2599 581 9 Lithosols Medium Far livestock, Medium
agriculture
AMUZIZ g g 0 5 931 138 16 Calcic High N agmesliire Good
(Al Haouz) amoute Xerosols 18 ear %vestock ! 00
Anamer- :
Taourirt Goundafa 2 90 1633 509 12 Lithosols Low Far Algm““ulfe’ Low
(Al Haouz) ivestoc
Ighrem Goundafa 0 5 1057 442 15 Lithosols Low Far Agriculture, Low
(Al Haouz) livestock
X Tourism,
Aagrab-Tnin . . ’
Ourika * Ourika 0 35 850 365 17 Galeie High Near agricutture, Good
(Al Haouz) livestock
(e Ourika 0 65 1901 543 11 Lithosols Medium Far Agriculture,  Medium
Trade,
Tahannaout . Calcic . tourism,
(Al Haouz) Rhithaya 0 25 935 400 17 Xerosols High Near agriculture, Good
livestock
Trade,
* 1 1
(]g:gfr?atte) Bo g‘fnez 2 70 1860 334 12 Rendzinas  Medium Near . é;’l‘;ﬂﬁ‘l‘l‘re Good
livgstock
(AD‘(Z lea’tf) Ait Abbas 0 85 1464 369 14 Rendzinas Low Medium Aﬁf]‘:;gs;e' Medium
é‘?ﬂ‘;ﬁ;‘e) Oultana 2 55 1005 474 16 e High Near ag‘r’i‘ggﬁﬁfe Good
Ait Boualli Livestock,
(D m(;\ui ) Ftouaka 0 15 1685 364 12 Rendzinas Low Far agriculture, Low
emnate tourism
Ait Oumdiss . Agriculture,
(Demnate) Ftouaka 0 39 1286 437 16 Lithosols Low Far livestock Low
Zaouiat .
Ahansal * Thanesalen 0 55 1563 309 12 Rendzinas Medium Medium Esg;;grcnk’ Low
(Azilal)
Ait Messat .
(iezrﬁ:f) & Ait 0 60 1651 406 13 Rendzinas High Near Af‘i;‘r]‘:;g;‘f' Medium
Attab
Tamda Ait Messat Agriculture,
Noumercid & Ait 2 35 1279 468 15 Rendzinas High Near livestock, Medium
(Azilal) Attab trade
Ait M"hamed Ait Messat Agriculture,
* & Ait 2 0 1704 401 13 Rendzinas High Near livestock, Good
(Azilal) Attab trade
Wabzaza Ait Messat
(Azilal) & Ait 0 30 1599 390 14 Rendzinas Low Far Livestock Low
Attab
Talh. Ait Messat Agriculture,
( Al :1) & Ait 0 50 1272 470 16 Rendzinas High Near livestock, Medium
Attab trade
. Ait Messat :
ista & Ait 0 25 1598 440 13 Rendzinas Medium Medium ~ Agriculture, Good
(Azilal) Attab livestock

1 Amazigh tribes taken from the portal “Tribus du Maroc” (http:/ /tribusdumaroc.free.fr/ accessed 27 June
2023); 2 elevation values were extracted from the SRTM DEM and are available through NASA Earthdata at
https:/ /dwtkns.com/srtm30m accessed 27 June 2023)/; 3 rainfall and average yearly temperature data were
extracted from the WordClim historical datasets, period 1970-2000 (www.worldclim.org); 4 soil types refer to the
FAO Digital Soil Map of the World Version 3.6, January 2003; 5 digital maps and community researchers’ and
farmers’ expertise; * indicates location where local market (souk) inventories were carried out. Souks occur on a
weekly basis at each of the 6 locations.

The research took place from late 2020 to early 2022, and the data collection itself was
conducted from October 2021 to February 2022. The study started with a local market (souk)
prospection of the five species. In a second phase, focus groups were carried out in six
locations in the region of study with 100 farmers, focusing on two of the five species in
greater detail, according to the diversity of the species in that region identified in Phase 1
and previous knowledge of the region. In a final phase, household surveys were carried
out in 19 locations, and 157 farmers were interviewed for the five species (at the start of the
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project, COVID-19 pandemic emerged, which significantly affected the start of fieldwork
and the data collection itself). During the multiple visits in all phases of field work, samples
were collected for the different accessions and stored at the seedbank of the School of
Sciences at Cadi Ayyad University in Marrakech.

Three different types of survey were conducted for the five target species to collect
information on varieties, their description, and their distribution. Market surveys, focus-
group discussions (FGD), and household surveys (HHS) were used to identify named
varieties. A total of 282 informants were interviewed, including 246 Amazigh farmers for
FGD and HHS and 36 seed sellers for market surveys. Numbers and methods of selection
of farmers for the three types of survey are detailed below. Nine farmers took part in both
FGD and HHS. All interviewed farmers signed free prior informed consent before sharing
their knowledge.

To better understand regional seed availability and exchange, from May to September
2021, six local markets were inventoried, including interviews with 36 seed vendors.
Vendors were randomly selected, starting with an informal discussion and followed by a
short, structured interview.

Focus-group discussions were carried out with an average of 12 to 18 farmers each,
totalling 99 farmers across the project sites. The FGD discussions followed the methodology
of Jarvis and Campilan [82]), with a repeatable set of guiding questions using direct ques-
tions, participatory diagramming and visualization, scoring, and specimen descriptions
brought to the FGD [83,84]. Farmers described the varieties they grew, indicated their main
management practices, the sources of their seeds/planting materials, and the goals they
aimed to achieve with their diversity. A total of 11 FGD sessions were conducted, hosted in
the six municipalities of Ait M’hamed, Anamer-Taourirt, Iminifri, Oukaimeden, Tabant,
and Tamda Noumercid, distributed across the three hubs, with two sessions per village.
The total number of participants in the FGDs was 99, all of whom were Amazigh, of whom
55 (55%) were male and 44 (45%) were female, with an age between 18 and 90, from a total
of 37 villages distributed across the area.

Surveys were conducted at 19 sites, representing different farmers’ communities, for
the five target crops (alfalfa, barley, fava beans, peas, and wheat). Households at each site
were selected using a randomly stratified design (by village) to ensure geographic repre-
sentation across the target villages within each agro-ecological site, followed by snowball
sampling until a representative sample was achieved, totaling 156 households. After data
cleaning, we retained a total of 795 observations. Only households with farmers growing
one or several of the target species were included. For each household, information was
collected on all varieties of the target crops grown by that household, in each management
space (i.e., field or home garden [85,86]), together with associated management practices
and sources of planting materials for the varieties identified.

Crops’ intraspecific diversity indicators, richness, evenness, and divergence, were
calculated from the data collected during the household surveys [77]. Average household
richness was calculated based on the mean number of varieties per crop in households
within each community. Community richness was calculated as the total number of
varieties present in a site. Household and community evenness were calculated using the
Simpson index, estimated using the frequency of the varieties of each crop at household and
community levels, respectively. In order to compare how farmers used the agrobiodiversity
available in their own communities, we compared community richness and evenness
with the average household richness and the average household evenness. Finally, to
estimate the extent to which households belonging to the same community show different
compositions from the available portfolio of varieties in the community, we estimated the
divergence using the formula described by Jarvis et al. [77]:

Divergence = (Community Evenness — Average household evenness)/Community Evenness

The FGD and HHS were conducted with the support of the Diversity Assessment
Tool for Agrobiodiversity and Resilience (DATAR, which was in its pilot phase during data
collection; therefore, many adaptations and fine-tuning occurred during the study, making
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the tool more user-friendly and bug-free). DATAR is an innovative IT tool built to assess
agrobiodiversity and support decision-making for agricultural development. It is intended
to enhance the resilience of production systems and improve productivity using diversity
of plants grown and animals kept [87]. Furthermore, it is a free open-source tool and,
therefore, accessible to all. The DATAR tool was built to bridge the gap between crop- and
livestock-agrobiodiversity assessment from the household level, through the agroecological
zone level to the project level. Farmers are at the core of DATAR, which includes social
and economic aspects. Descriptors and values used in DATAR are harmonized to allow
a comprehensive analysis covering different species and even different varieties across
landscapes and agroecological zones.

3. Results
3.1. Varietal Naming: Ethnosemantics and Ethnotaxonomy

Using data collected during the three types of survey, FGD, HHS, and market surveys,
a total of 111 crop-variety names were found. For these 111 crop-variety names identi-
fied from the five selected species, the local ethnotaxa naming in Amazigh was usually
composed of two or three words (excluding prepositions). Predominantly, the first word
referred to the name of the crop, followed by one or two attributes defining the variety
in question. A few exceptions were found, such as tachairine (small-sized barley) and
rwiza (modern barley), composed of one word, and a couple of ethnotaxa names with
four words (ibawn n’Azaghar idalan ighwayn and ibawn n’Azaghar iwraghen ighwayn). In the
latter case, an additional attribute was added after the second, as detailed in Table S2 in
the Supplementary Materials. As is common in other languages, several ethnotaxa may
be used for highly similar varieties while, in other cases, the same ethnotaxon is used for
significantly different varieties [88,89].

Regarding the species’ names (acting as nouns), several were borrowed from Moroccan
Arabic (locally known as Darija) (Table S2). In some cases, such as barley and green pea,
a Darija name is used for more modern varieties (e.g., rwiza and jelbana), while Amazigh
terms are used for older varietis (e.g., tomzin and tanift). For alfalfa, the Amazigh terms,
ikffis and tilfzt [90], were fully substituted by the Darija name, fessa. A completely different
fodder species is also referred to as a kind of “alfalfa” (fessa), named fessa n-sif (alfalfa of
the summer), which corresponds to Trifolium alexandrinum L. This species was not included
in this study.

Concerning the varietal attributes (acting as modifiers) (Table S2), these usually refer
to perceived indigeneity /foreignity, the color of the fruit, the size of the plant or the seed,
the shape of the seed, or the geographical origin, amongst others. Several adjectives are bor-
rowed from Darija. One of the main attributes is linked to perceived indigeneity /foreignity
and is the very common Maghrebian distinction between beldi (from the land) and roumi
(foreign, from abroad). This was the most common attribute in our data, present in almost
half of the ethnotaxa (46%). The beldi/roumi distinction, borrowed from Darija, moves
beyond the origin of any variety or its historical introduction. Literally, it refers to that
which comes from the land (indigenous) (bled is “the land,” and beldi is “from the land”)
and from what is foreign (from the “west”) [91]. In many cases, beldi is associated with the
concepts of traditional (taglidi), natural (tabi’iya) or healthy (sih’hi), especially in urban and
peri-urban contexts [92].

Other relevant varietal attributes relate to the colors of seeds, appearing in almost
one-third of the ethnotaxa collected (30%), as well as the geographical origins of the seeds,
either national or international, which appear in about one-sixth of the ethnotaxa (16%).
Less relevant indicators, appearing in fewer than 10% of the terms, relate to perceived
historical antiquity, preferred altitudinal location and irrigation conditions, preferred uses,
the characteristics of the plant, the characteristics of the seeds, commercial names, and
anthroponyms (Table S2). In the Tamazight language, the feminine gender (nouns and
adjectives) is marked by a circumfix (‘t(a) ... t’ for singular and ‘t(i) ... in/t’ for plural.
The same circumfix is used to denote smaller sizes (e.g., tachairine or small chair, and
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tibawin or small ibawn). Prepositions are also included in certain ethnotaxa, usually “n”,
corresponding to “of /from” (n’adrar or “of /from the mountain”).

Our results show that the farmers’ terminology tends to underestimate the units of di-
versity they use for cereals, barley and durum wheat, while it overestimates it for fava beans.
This is similar to the findings of earlier studies carried out on these species [77,88,93,94].
For alfalfa and peas, is the findings are less clear. When underestimated, multiple units
of diversity are clumped into a general term referring to perceived indigeneity /foreignity,
while, when overestimated, additional morphological and geographical attributes are given,
which often vary across regions and informants.

3.2. Crop-Variety Diversity and Distribution per Species and Across Hubs

For the data collected the during HHS alone, a total of 55 varieties were observed
for each crop, of which nine were for barley, 11 were for wheat, 14 were for fava beans,
nine were for peas, and 12 were for alfalfa. During the HHS, the data were collected on
the varietal diversity grown on the farms with details of the areas planted. From these
data, a total of 55 varieties were identified: nine for barley, 11 for wheat, 14 for fava beans,
nine for peas, and 12 for alfalfa. The diversity indicators were calculated for the five target
species at hub and household level, as well as the area planted with each crop and the
percentages of landraces. These are presented in Table 2. More detailed results for the
diversity indicators for each target crop and each hamlet (douar) are available in Table S3 of
the Supplementary Materials.

Table 2. Hub, village, and household (HH)-area statistics and estimates of diversity.

n° Total % Area Mean Community % Community Average AvI_eIﬁge

Crop Hub Hamlets n° HH Area (ha) Landrace Ar(e:SOPPiH Richness Landrace E\‘;esl;' Divergence Ric]ilugess Elveesrsl-
Al Haouz 8 48 164.79 87.65 3.43 4 50.00 0.4995 0.96 1.04 0.02
Barle Azilal 6 44 194.10 99.95 441 3 66.67 0.0051 -* 1.05 0.01
Y Demnate 5 46 672.78 99.99 14.63 2 50.00 0.0001 1.00 1.00 0.00
All Hubs 19 138 1031.67 97.85 7.48 9 55.56 0.5268 0.85 147 0.08
Al Haouz 4 12 71.87 11.30 5.99 3 33.33 0.3685 1.00 1.00 0.00
Wheat Azilal 6 43 128.90 76.49 3.00 5 60.00 0.5103 0.94 1.07 0.03
ea Demnate 5 33 211.67 71.90 6.41 3 33.33 0.4401 0.94 1.06 0.02
All Hubs 15 88 412.44 62.78 4.69 11 45.45 0.7855 0.65 2.27 0.28
Al Haouz 7 44 2.85 98.68 0.06 10 80.00 0.4612 0.40 1.75 0.28
Fava Azilal 2 9 3.18 84.25 0.35 3 66.67 0.5977 0.91 1.11 0.06
bean Demnate 1 1 0.01 100.00 0.01 1 100.00 0.0000 -* 1.00 0.00
All Hubs 10 54 6.04 91.10 0.11 14 78.57 0.7685 0.49 2.90 0.39
Al Haouz 7 44 0.72 43.18 0.02 6 50.00 0.7303 0.97 1.05 0.02
Pea Azilal 4 16 7.70 34.36 0.48 4 25.00 0.5358 0.83 1.19 0.09
All Hubs 11 60 8.42 35.12 0.14 9 44.44 0.5699 0.52 2.00 0.27
Al Haouz 6 37 4.90 69.08 0.13 8 50.00 0.7739 0.95 1.08 0.04
Alfalf Azilal 6 26 100.47 99.98 3.86 2 50.00 0.0004 -* 1.08 0.03
alla Demnate 4 23 35.42 96.44 1.54 2 50.00 0.0686 0.68 1.04 0.02
All Hubs 16 86 140.79 98.01 1.64 12 50.00 0.4317 0.65 1.81 0.15

* When the community evenness and average HH evenness are close to 0, divergence results are not relevant.

Table 2 shows the number of hamlets, number of households interviewed, total area
covered by crop, percent area covered only by landraces for each crop, and the diversity
indicators of richness, evenness, and divergence for each target crop in the different hubs
in the study. We found that the two cereals are grown on large surfaces for the households
sampled, followed by the legume-forage crop. Compared to the areas that comprise
hundreds of hectares, the legume crops for human consumption only cover less than 10 ha
of the sampled areas, respectively. Overall, the Al Haouz hub shows higher levels of
richness for all the crops except for wheat, of which one out of three varieties is a landrace
and is only planted in 11% of the area sampled. It should be noted that since one of the pea
varieties was found in two different sites, the total number of varieties, with all the hubs
added, is not the addition of the number of varieties for each site, but the addition of the
total number of distinct varieties from each site.

The farms’ level of varietal diversity obtained with the average HH richness is low, at
very close to 1 for all the crops, with the majority of households growing only one variety.
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However, at the hub level, the variety richness shows higher results. For barley, the results
show a community richness reaching as high as 4 in Al Haouz and lower in the other two
hubs, but with the average household richness remaining very close or equal to 1 in all
the hubs. The results for wheat show, on average, higher community richness than the
barley in the three hubs, at 3 in Al Haouz and Demnate and 5 in Azilal. As with barley, the
average household richness remains almost equal to 1 for durum wheat. The fava-bean
community-richness results were only available for two hubs as the health situation due to
the COVID-19 pandemic limited the number of households surveyed in Demnate to one.
Fava beans shows the highest levels of household richness overall, with an average of 1.75
in Al Haouz, and its community richness reached 10 in Al Haouz hub and 3 in Azilal. The
pea results were only available for two hubs. In the Al Haouz hub, the community richness
was 6 and the average household richness was close to 1, while in Azilal, the values were 4
and almost 1.2, respectively. For alfalfa, the average household richness was very close to 1
for the three hubs, but the community richness reached 8 in Al Haouz, and it was only 2 in
Azilal and Demnate.

Overall, landraces cover 88% of the area studied, although only 53% of the varieties
are landraces. For barley, landraces are 56% of all the varieties and cover 96% of the area;
for wheat, we found 42% of the landraces among the varieties covering 61% of the area;
for fava beans, 92% of the area is planted with landraces, which comprise 73% of the total
varieties; for peas, is the values are 54% of the area for 39% of the landraces, and, finally, for
alfalfa, 39% of the varieties are landraces, and they cover 89% of the studied area.

A correlation analysis was conducted comparing the variety-richness indicators of
the five species with an index calculated based on the characteristics of the studied sites.
The indexes were attributed to each site by summing the scores for the agroecological
zones, soil quality, accessibility by road, distance to the local market, size of the nearest
market, economic situation, and water availability for irrigation. The scores ranked from
1 to 4, with the higher scores representing the best scenarios. The details of the scoring
are available in Table 54 of the Supplementary Materials. A summary of the indexes and
richness indicators for each site is available in Table S5 of the Supplementary Materials.
Results of this correlation analysis are presented in Table 3.

Table 3. Pearson correlation coefficients of crop-variety richness versus economic and ecological
characteristics of the hubs.

Pearson—Al Haouz Pearson—Azilal Pearson—Demnate
INDEX-Barley —0.0829 —0.2608 -
INDEX-Wheat 0.6764 0.6728 0.5916
INDEX-Fava bean —0.1745 0.2570 0.6325
INDEX-Pea —0.0473 0.5984 -
INDEX-Alfalfa 0.5700 0.4614 0.6325
INDEX-TOT 0.1894 0.5827 0.8497

A correlation is acknowledged when indexes are close to 111.

This statistical test did not show evidence of correlations between the socio-economic
and ecological factors and the varietal diversity, except in the Demnate hub, when all the
species were considered.

4. Discussion

Taking into consideration farmers’ traditional knowledge, management practices, and
the sources of the seeds of the crop varieties they grow is crucial for successful conservation
and development programs [95-100]. Farmers’ variety naming was shown to provide
information on the period of use of varieties by famers and on the flow of materials
between villages [101]. In Morocco, previous research showed that the terminology given
by farmers for the varietal diversity of three of the five species under consideration either
underestimates the units that farmers use to manage diversity, or it both overestimates
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them for some varieties (in that the same variety has different names) and underestimates
them for others (in that different varieties are given the same name). The first situation
occurs with the cereals, barley [88,102,103] and durum wheat [88,102,104], while the second
situation occurs for fava beans [88,93,102,105]. This is coherent with our findings.

The identification by farmers of their varieties is not always accurate [73,88,89,102,106-112].
The comparison of DNA analyses with farmers’ assessment of sorghum, wheat, cassava, beans,
and potatoes has shown very variable degrees of accuracy, sometimes with high levels of
misidentification [28,89,106,110,113-116]. However, it is the named and described crop varietal
units that farmers manage as named recognizable populations. Therefore, the belief of a farmer
or a community that a named variety has particular properties and identity is likely to mean
that they will continue to reinforce the separate identities of these named varieties through
their management practices. This creates a powerful selection practice that is able to maintain
the preferred traits in specific populations linked to farmers’ needs [117,118].

From our calculated diversity indicators, it can be seen that, on average, farmers grow
only one variety of a given crop in their fields and that limited levels of community richness
were found for all the crops studied. The results obtained can be explained by several
factors. The choice of a limited number of varieties at the community level may be driven
by economic and cultural choices; it could also be linked to the number and type of varieties
available and the impact of selection and genetic improvement programs, which tend to
reduce diversity [65]. In Morocco, two distinct seed systems coexist in space and time. On
one hand, there is the informal seed sector, which is maintained by a seed supply resourced
either from farms and the exchange between farmers, or from local weekly markets (souks).
On the other hand, in the formal sector, seed companies (national or international, public
or private) are authorized to supply certified seeds after approval. Important develop-
ments occurred during the last quarter of the 20th century, accelerating the changes in both
systems. These included the dissemination of texts adapted to international legislation,
the breeding through national programs of highly productive varieties, the foundation of
the national company for seed trade (known as SONACOS), and the significant increase
in the registration of commercial seeds, especially from private breeders in Europe, the
USA, Australia, North Africa, and, to a lesser extent, national breeders, both public and pri-
vate [119]. According to governmental sources (ONSSA), the commercial varieties inscribed
in the official catalogue for the five species under investigation includes 62 for barley, 91
for hard wheat, 25 for fava, 90 for peas, and 116 for alfalfa, with most of the inscriptions
starting in the 1980s. For fava and peas (varieties for human consumption), most of the
inscriptions were developed in the 1980s, while for barley, hard wheat, and fodder peas,
they arose in the 1990s and, for alfalfa, the inscriptions were developed in the 2000s and
2010s, showing the more recent interest in this species compared to the other four [120].
The registered commercial varieties are predominantly from private international breeders,
especially for peas and alfalfa, while they are more balanced between private and public
breeders (national and international) for cereals and fava beans [119]. Compared to these
seed catalogues, our results suggest that for the most part, the terminology farmers use to
name and describe diversity underestimates genotypic differences, especially for cereals
and alfalfa, whose different hybrids are clustered using the same names.

Another reason for the relatively low figure for varietal richness at the farm level
could be the choice of varieties that are particularly well adapted to local and climatic
conditions. Landraces may offer farmers great adaptability through their innate genetic
variability. Previous studies showed that barley, wheat, fava beans, and alfalfa landraces
have population structures [77,88] and often embed high levels of genetic variability within
their populations [38,40,49,58,70,121-124]. For fava beans in Morocco, studies have shown
that farmers sometimes emphasize traits that distinguish populations within varieties rather
than traits that distinguish different varieties. Landrace populations continue to evolve and
adapt over time to local conditions [27,102,125-127] and can prove very competitive in low-
input systems [7,9,10,128-130]. Moreover, farmers make management choices regarding
diversity as a strategy to self-adapt their production systems. Farmers make selection



Sustainability 2023, 15, 10411

10 of 17

choices in landrace populations for their preferred traits, and this leads to a self-sustaining
system [77]. As demonstrated by Bonneuil et al. [131], when studying intraspecific diversity,
not only does the varietal richness matter, but the within-variety diversity and the level of
spatial evenness are also important. Seed samples were collected during the project and
further investigations will be possible once a genomic analysis can be conducted. This
analysis would allow the confirmation of the variety naming by farmers and would also
allow the measurement of the internal genetic variability. The complementarity of the
agro-morphological and in-the-field performance descriptions by famers and of the genetic
analysis could prove very useful for future breeding activities [94,132-134].

The economic conditions, accessibility, and biotic and abiotic stresses in the different
hubs may have also shaped the results, as documented in earlier studies in Morocco [102].
However, the results of this study regarding the possible correlation between varietal
richness and the economic and ecological characteristics of the hubs were not significant,
except for the Denmate hub, when all the target crops were taken into consideration. The Al
Haouz hub showed higher levels of richness for all the crops except for wheat, which could
have resulted from the orographic isolation of Al Haouz, where agriculture is mainly based
on self-subsistence. The Demnate and Azilal hubs showed more production of agricultural
surpluses overall, and are better connected with surrounding areas for trade. The further
study of the correlation between richness of the crops and the geophysical characteristics
of the sites would be valuable.

As Samberg et al. have shown, with barley in other African mountainous regions, such
as Ethiopia, the distribution of the genetic diversity of numerous species can be more effec-
tively determined by social factors, such as farmers’ management and exchange systems,
than by solely the biology of the crop under investigation or the physical environment [135].
Similar results were found in Nepal, where genetic variation was predominantly due to
intra-population diversity within a farmer-named variety, and was independent of agrocli-
matic zones, variety names, and altitude [94]. In contrast, Demissie and Bjernstad [136]
and Teshome [137] found that the phenotypic traits in Ethiopian barley arid sorghum were
strongly related to the altitudinal range. A similar phenomenon seems to be occurring in
the Moroccan High Atlas.

As in other parts of Morocco, especially where subsistence agriculture is still prac-
ticed, local landraces’ seed-exchange networks are crucial to crop supply and diversity.
Nonetheless, these networks are highly vulnerable to farming unpredictability, since they
are more or less easily replaced by seeds purchased from outside sources. As a result, the
diversity and evolution of local landraces, along with the traditional knowledge associated
with them, is significantly impoverished, if not lost. This is especially significant when, in
consecutive years, the harvest is affected by detrimental biophysical factors [138].

5. Conclusions

This study deepens our knowledge of how the Amazigh perceive varietal diversity in
five highly relevant species in the High Atlas, and how they are distributed geographically
in an east-to-west gradient. The understanding of this diversity, and the ways in which it is
perceived by farmers, is a complex, yet essential process in order to know and protect more
effectively the landraces of essential crops that might be endangered and better adapted
to local environmental conditions. It is also an opportunity to introduce a possible new
way of addressing a research question in the field of varietal diversity in the High Atlas by
including the beldi—roumi distinction, using ethnotaxonomy, and linking them to phenotypic
and genotypic diversity.

As our research suggests, the local terminology used for variety names and the traits
used to describe these varieties either overestimate or, more generally, underestimate local
agrobiodiversity, with a large variation in naming both at the regional level and according
to the source of information (producers vs. sellers). The systematic assessment of local
knowledge remains, however, a valuable way to assess intra-specific diversity and to
better understand how local communities distinguish, categorize, and value the diversity
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within their production systems. A comparison with the genomic analysis results for the
specific use traits desired by the local communities would be the next step to support crop
improvement in these communities.

The diversity indicators show that the varietal diversity is low at smaller scales, i.e.,
hamlets, while it increases at the larger levels, i.e., hubs. Except for the fava beans in the
Al Haouz hub, the farmers usually grow only one variety of each crop at the farm level,
a rather low figure. Landraces are still widely planted by farmers and cover extensive
areas, while their number is similar to those of modern varieties. This is particularly true
for barley and alfalfa. Genetic variability within landraces and their adaptability over
time allows farmers to make management and selection choices for the sustainability of
their production. Based on this research, participatory approaches could be used to better
characterize landraces and support farmers in their selection of landraces to meet their
needs and expectations.

The specific characteristics of each hub, including biophysical and socio-economic
conditions and practices, also influence the diversity used, although these are difficult to
elucidate. It is important to note that COVID-19 affected the quality of the data collection
by limiting the sampling because of sanitary restrictions, with a consequent impact on the
field-work timing, locations, and interactions.

The implications of this study include the considerable genetic erosion of current
traditional genotypes, especially alfalfa, followed by cereals, which grow in greater areas
and have been more heavily affected by national programs and seed companies, followed
by peas and favas, which have much smaller surfaces of production. Maintaining and
documenting local genetic resources and their associated traditional ecological knowledge
(TEK) is essential for their conservation and sustainable use. The next steps will include,
for the five species, the performance of a genetic analysis on the agrobiodiversity observed
and described by farmers, the establishment of a better understanding of the ways in which
locals classify crop diversity, and an examination of the relations between genetic units and
local designations.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/su151310411/s1, Table S1. Detailed biophysical and socio-economic
characteristics of field sites (FGD—focus-group discussions; HHS—household surveys); Table S2.
Amazigh nouns and modifiers used to describe the observed diversity of the 5 species collected in
local markets, focus-group discussions, and household surveys; Table S3. Diversity-index estimates
from HHS. Community richness and evenness, average HH richness and evenness, divergence, and
number of households surveyed are reported for each crop at each site; Table S4. Scoring from 1 to 4
(higher score for best scenarios) of the different characteristics of sites; Table S5. Scores of each hub
and varietal richness for each of the target species.
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