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In the Sahel, land ownership is significantly influenced by the complexity of hierarchical, ethnic, and tribal aspects as well as communal, religious, and state rights. This complicates the development of large-scale ecological projects. This study investigates the positive and negative experiences that have changed the method and attitude of agencies in Mauritania to providing a holistic and ecosystemic approach to conservation and restoration. The physical environment and society’s perception of applied restoration measures are of great importance for reducing environmental degradation and promoting future actions. Interviews with stakeholders helped understand the social reality and impact of restoration and management measures taken on the communities. The results of this study revealed that measures such as fencing plots, preventing the passage of livestock, and stabilizing sand dunes noticeably improved the vegetative cover of the soil in the Sahel. This improvement in vegetation cover has had direct effects on the improvement of soil quality indicators such as organic carbon content, pH, soil structure, color, and texture. Different stakeholders have shown considerable involvement in projects, positively valuing their implementation and observing improvements in their daily lives.
Keywords: Sahel, desertification, social impacts, Agence Nationale de la Grande Muraille Verte, stakeholders’ perceptions
INTRODUCTION
The Sahel region in Africa captured the attention of the global community after the occurrence of extensive and severe droughts between the ‘70s and early to mid-‘90s (Descroix et al., 2018; Nicholson, 2018; Nkrumah et al., 2019). This unprecedented period of drought had unleashed extreme social and humanitarian consequences, including an increase in soil degradation, death of livestock, famine, and the rise in armed conflicts, which initiated the first massive migrations (Suhrke and Hazarika, 1993; Trenberth et al., 2007). This has led many researchers to assess the future climate of the Sahara and promote strategies to counter its gradual southward expansion For example, Guo et al. (2023) anayzed the future climate change in the Sahara region using the projection simulation dataset of the CMIP6 multi-model ensemble. The result of this study showed that annual and seasonal average surface air temperature in the Sahara region will continue to rise throughout the twenty-first century relative to the baseline period 1995–2014 if greenhouse gas (GHG) concentrations continue increasing. After this period of severe droughts strategies and initiatives emerged to combat the inexorable advancement of the Sahara, which has been observed to be consistently expanding since satellite data became available (Tucker et al., 1991a; Tucker et al., 1991b). The Great Green Wall (GGW) of Africa is an ambitious initiative that prioritizes large-scale tree restoration as a key approach to combat desertification and improve the livelihoods of rural communities in the southern Sahara (Turner et al., 2021). The wall will be approximately 15 km wide and 8,000 km long, crossing 11 countries with rainfall regimes of 100–400 mm per year (Figure 1). It was initially an entirely African initiative, under the slogan “A project by Africa for Africans” (Hidalgo García, 2022), that became an official target of the African Union in 2007. The completion of the program is targeted for 2030, assuming that simultaneous action would be possible in all countries involved (Goffner et al., 2019).
[image: Figure 1]FIGURE 1 | Plan evolution of the Great Green Wall published by Goffner et al. (2019) with the original (light green) and updated (dark green) approximate paths for the 11 founding countries (http://www.grandemurailleverte.org/). The GGW has progressively expanded to include 21 countries across the African continent (the additional countries in light gray) and other project with similar goals as Action Against Desertification, The Building Resilience through Innovation, Communication and Knowledge Services -BRICKS-, and The Front Local Environnemental pour une Union Verte -FLEUVE.
Restoring vegetation and forest cover can have a positive effect on temperature, rainfall, and water availability (Ellison et al., 2017; Espeland and Kettenring, 2018; Ellison, 2018). However, numerous projects have failed because they focused solely on the technical aspects of restoration and neglected the social aspects. An illustrative example on the lack of participation of the population in ecological restoration projects is the reforestation conducted by the United Nations High Commissioner for Refugees (UNHCR) in 2022 in the Mberra refugee camp (Bassikounou, Mauritania). Farmers introduced livestock into the intervened plots to graze on plant shoots which were only 1 month old (Figure 2). Local communities are not usually involved in the reforestation processes, which often lead to important changes in the use and management of the territory (Whitfield et al., 2011; Yirdaw et al., 2017). Therefore, placing obstacles in the path of the desert, such as walls of trees, was initially considered sufficient to slow and, more importantly, even reverse desertification (Ellison and Speranza, 2020). However, land management should include resilience and human welfare by considering soil–vegetation–water–atmosphere interactions (Pausata et al., 2020).
[image: Figure 2]FIGURE 2 | Images of livestock within reforested plots of land, taken in the reforestation plots near the Mberra refugee camp on 25 October 2022 during the consultancy work of Monitoring and Capitalization Restoration Initiatives commissioned by the UNHCR (Original Photos by M. Vieitez-García).
The GGW is now used as an umbrella term that encompasses other multinational projects related landscape restoration and social impacts. Among these are Action Against Desertification, which intends to restore drylands and degraded lands and address the detrimental social, economic, and environmental impact of land degradation and desertification; Building Resilience through Innovation, Communication and Knowledge Services, a regional project funded by the Global Environment Facility (GEF) and implemented by the World Bank; and FLEUVE (Front Local Environnemental pour une Union Verte), a European Union-funded GGW project implemented by the Global Mechanism of the UN Convention to Combat Desertification. The complex restoration of the Sahel has motivated the implementation of other interesting local projects in the region such as “Cash for Work pour la conservation des eaux et des sols/défense et restauration des sols” (adaptation au changement climatique et résilience des producteurs) by Save the Children in 2015.
Despite the greening of the Sahel, which was expected to increase water retention capacity in the soils and watersheds, runoff coefficients have continued to increase, as evidenced by numerous remote sensing studies (Fensholt and Rasmussen, 2011; Dardel, 2014; Dardel et al., 2014). This also contrasted with the maintenance of the radiation use efficiency values (Dardel et al., 2014). The discrepancies between these values are known as the “Sahel paradox” (Descroix, 2018). Episodes of flooding and flash floods, resulting from soil aridity and compaction, have led to the deterioration of cultivable lands that were once used by local populations (Descroix et al., 2018).
Traditionally, a significant portion of the rural population in the Sahel focused on nomadic livestock farming and transhumance. However, a shift towards sedentarization has been driven by various factors, such as demographic development control and taxation by government institutions and customs and animal disease controls, complicate the transboundary paths (Apolloni et al., 2019; Simonet and Carabine, 2021). Other aspects include proximity to villages or urban centers that allow for better access to education, family healthcare, commercial opportunities, and land occupied by large-scale extractive industries (Zecchini and Mattiello, 2016; Apolloni et al., 2018; Arribas, 2023). This sedentarization, which increases the concentration of the population in fixed areas, has resulted in changes in land ownership structures. In some cases, communities have been forced to acquire or lease land for subsistence agriculture, raising livestock, and permanent housing. With the growth and concentration of the population in specific areas, the pressure on natural resources such as water and vegetation has increased.
In addition to the change in social structure, for example, an estimated five heads of livestock per inhabitant graze semi-freely and feed on tree shoots or herbaceous plants from pastures in Mauritania (Africa Infomarket, 2023). Rangelands are spatially defined ecosystems dominated by grasses and grass-like plants, combined with various degrees of bush and tree cover that are predominantly grazed or browsed. They are used as natural and semi-natural ecosystems for the production of livestock, safeguarding wildlife and providing additional ecosystem services. More than nineteen million heads of cattle represent the overuse of vegetation and, therefore, expose denuded soil to erosion by wind and water (Nicolas et al., 2018).
In the Sahelian regions, in addition to overgrazing, the loss of vegetation cover is attributed to drought and illegal logging for firewood and charcoal production for cooking (Koffi et al., 2018; Yusifova and Togola, 2022). In many cases, this is the means of subsistence for a vulnerable population that has resulted in the degradation of existing ecosystems, leading to competition and tension over limited resources (Diop, 2012; Zulu and Richardson, 2013). Land ownership in this region is complex, involving hierarchical, ethnic, and tribal aspects as well as communal, religious, and state rights (Villasante De Beauvais, 1991; Jourde, 2011). This makes the development of large-scale ecological projects difficult because they often require the transfer of large tracts of tribal land for fencing, often disabling its use temporarily, thereby preventing the extraction of natural resources necessary for the population’s subsistence. These changes in land use and management, such as disabling transhumance routes used for centuries (Baldó, personal communication, 2023), jeopardize social cohesion and increase tension in highly unstable and fragile regions. Therefore, agencies implementing these ecological restoration projects must focus on social consensus because their medium- and long-term success depends on the understanding, empowerment, and ownership of the local population in managing their own resources. A limited understanding of local realities and narrow technocratic frameworks has led to the abandonment of multiple projects without positive results after the first year of financing (Turner et al., 2021).
Successful restorations in the Sahel in which local populations were actively involved in preserving the ecosystem have also been documented (Sendzimir et al., 2011; Bado et al., 2016), demonstrating the need for active societal participation. For example, Reij and Garrity (2016) investigated two large-scale farmer-managed natural regeneration projects of woody species in Africa to create new agroforestry systems that encourage farmers to spontaneously apply the practice because of their observed benefits. Based on these studies, successful projects must have qualified technical on-site personnel, design monitoring, and evaluation systems that target indicators for which data can be gathered. These should enable decision making and be well integrated into existing national institutions to allow the continuity of maintenance and use after project completion (Mechiche-Alami et al., 2022).
Positive and negative experiences have generated a change in the approach and attitude of agencies such as the Agence Nationale de la Grande Muraille Verte (ANGMV) in Mauritania, thereby providing a holistic and ecosystemic methodology (Woodfine and Jauffret, 2009; Goffner et al., 2019). Therefore, the new innovative concept of the GGW integrates ecosystem management and the socioeconomic development of local communities and populations in the territory. Prior to possible reforestation, agencies in charge must focus on the training of local populations, improvement of living conditions, and access to basic supplies. According to some authors, tree planting and landscape restoration in the Sahel are the final goals to be implemented (Behnke and Moritmore, 2016; Reij and Garrity, 2016). Therefore, the purpose of the GGW project is to promote synergies and optimal mobilization and use human, economic, and scientific resources, which would otherwise be difficult for each country or region.
To this end, the objectives of this paper are to a) present an initial evaluation of soil restoration measures in the Mauritanian GGW as a possible tool to help change the social paradigm that “nothing can be done about climate change” and b) link the social involvement as a required element for combat climate challenges and rural vulnerability.
METHODOLOGY
Site Description
Mauritania is located on the coast of the West African Sahel and has a total land mass of 1.03 million km2. Mauritania has a dry, hot, and windy climate, and is severely exposed to the effects of desertification. The majority of Mauritania receives very little rainfall throughout the year (<175 mm). The country’s southern edge, which reaches the Sahel, has a wet season controlled by the movement of the Inter-Tropical Convergence Zone (ITCZ) which oscillates between the northern and southern tropics over the course of a year. The country’s mean monthly temperature stays above 25°C year-round with the hot season occurring from May to October, with peak mean monthly temperatures reaching 33°C in June and July (Climate Change Knowledge Portal, 2023). The studied area is predominantly characterised by flat terrain with weakly developed soils (Regosols) and sand dunes (Arenosols), and dry, ephemeral river drainage systems (Fluvisols). In Mauritania, long, linear dunes often extend for tens of kilometres and sometimes reach 100 m in height (Jones et al., 2013). Arenosols can be either no soil horizon development (ARpr) or a layer with ≥15 cm thick and starting ≤50 cm from the mineral soil surface, that shows evidence of soil formation but has not a sandy loam or finer texture (ARbr). Fluvisols are young soil in alluvial deposits with 50% or more of effective base saturation (FLeu). Finally, Regosols are very weakly developed mineral soil in unconsolidated materials and 50% or more of effective base saturation (RGeu) (IUSS Working Group WRB, 2022).
Soil Sampling and analytical determinations
A representative set of 22 sites was sampled to compare the soils of restored or intervened areas with soils without conservation or restoration measures in Mauritania (Figure 3). Fifteen locations were selected in the Trarza and Brakna regions, at sites where ANGMV has conducted sand dune fixation (Oveivga and Tewmiyaa) or fencing for seedling establishment during reforestation (Awebia, Guimi, and Lougué Potié). Six locations were collected in the Gorgol region, where Save the Children conducted ecological restoration in the river and its surrounding floodplain, installing gabions in the riverbed and stone cords in the floodplain. In addition, a community vegetable garden in Moustah was sampled.
[image: Figure 3]FIGURE 3 | Geographical location of study area and sampling locations in the Trarza, Brakna, and Gorgol regions in Mauritania.
Soil quality assessment is increasingly incorporated in land evaluation, as land evaluation procedures are now used in many ways and purposes, including sustainable land management (Hurni et al., 2015), environmental risk assessments (Sonneveld et al., 2010) and land restoration (Schwilch et al., 2016). To evaluate the actions carried out in the study locations, different visual examinations and analysis of soil were used. Structure, soil consistence, aggregate size and shape was described as structural stability. Soil color and soil texture were included as soil physical property. Total organic carbon and pH, two of the most frequently proposed soil quality indicators (Bünemann et al., 2018), were included as soil chemical properties.
The morphological soil characteristics were described based on the FAO guidelines for soil description (Jahn et al., 2006). The thickness and Munsell color values of the dry and moist soils in each genetic horizon were compared among the samples. A homogeneous sample was extracted from each of the defined horizons up to a maximum depth between 30 and 50 cm. Air-dried soil samples were sieved (2 mm) and ground in a tungsten carbide mill. The soil particle size, organic carbon (OC) content and pH were measured. Sieves were used to separate coarse fragments (>2 mm). Organic carbon content was determined with the Walkley and Black titration method modified by Mebius (1960). Active and potential soil acidity (pH) was measured in a soil–water and KCl (1 M) suspension, respectively, with a 1:2.5 ratio and was stirred for 30 min (ISRIC, 2002). The pipette method was used to determine particle size distribution in the samples (<2 mm): coarse sand (0.2–2 mm), fine sand (0.05–0.2 mm), coarse silt (0.02–0.05 mm), fine silt (0.002–0.02 mm) and clay (<0.002 mm) (Burt, 2004).
Interviews to Project Field Managers
To assess the positive and negative experiences and perceptions during the restoration measures in the Mauritanian GGW, interviews were conducted and recorded with the Field Chiefs of ANGMV in Brakna and Trarza regions. Moreover, two women, as a manager of the community gardens implemented by the ANGMV in Brakna, were also interviewed. Technical difficulties prevented the increase in the number of interviews with the local population. Therefore, interviews were carried out with the local managers and representatives involved in the projects. The interviews focused on people’s impressions of the project’s influence on their lives and communities. Land tenure, the governance of rehabilitated places, and inclusion of aspects of greater vulnerability to society were also discussed and recorded in a documentary video for dissemination1.
ANALYSIS OF RESTORATION MEASURES
Sand Dune Fixation
The movement of the dunes in this region of the Sahel has become a problem of national importance because, in addition to deteriorating scarce infrastructure such as roads, it buries entire communities along its path (Figure 4), accelerating the migration of processes in the Sahel generated by climate change (Sinclair and Fryxell, 1985; Oyebande and Odunuga, 2010). Therefore, one of the main research targets of ANGMV is to secure sand dunes. ANGMV has performed various actions to stabilize the surface and reduce wind speed in these control areas, such as mechanical fixation by a 20 m × 20 m grid made with two species of shrubs who works as wind-break barriers (Figures 5A, B). The two species commonly used are Leptadenia pyrotechnica or Euphorbia balsamifera (Figures 5C, D). Inside the 20 m × 20 m grid a mechanical fixation of the dunes is performed by transplanting seedlings of Acacia senegal, Acacia raddiana, or Panicum turgidum before the rainy season, during the month of September. These plants germinated and were cared for by local people hired by ANGMV (Figures 5E, F). Good planning is necessary for the success of the initiative because rainfall is very scarce and the success of the project depends on it.
[image: Figure 4]FIGURE 4 | Burial of facilities such as (A) houses 30 km northeast of Nouakchott, (B) road near Tiyikya in Tagant due to sand dune movement (original photos by M. Vieitez-García and Benedicte Ginestet).
[image: Figure 5]FIGURE 5 | Sand dune fixation. (A,B) Grid with shelterbelt afforested for sand dune fixation in Oveivga (Trarza region) and Toumilla (Brakna Region), respectively. (C,D) Different plants species have been chosen for the shelterbelt, including Leptadernia Pyrotechnica and Euphorbia Balsamífera, respectively, (E) Conservation and restoration actions in Boutilimit, and (F) Reforestation inside of plots in Nouakchott green belt (northern part) by transplanting seedlings before the rainy season, during the month of September (original photos by M. Vieitez-García).
The Guimi, Tewmiyaa and Zamur plots were executed in 2019, and in only 4 years, the positive impact produced on the landscape can be observed, particularly the retention of sand particles that prevent their advance towards the populated areas, and the increase in vegetation cover that favors the presence of small soil aggregates associated with the development of plant roots.
No differences were observed in the soil texture, with values < 3% (2.5 ± 0.4) in the clay fraction and a sand soil textural class (Figure 6). However, slight changes in OC content were detected in the oldest interventions, with values of 0.14 ± 0.03 (Figure 7). Although they had low values when compared with cultivated soils, the favorable effect of the intervention in a very short study period is relevant. The three sampled points in the dune fixation zone have a pH of 8.23 ± 0.16 compared with 8.47 in the soils in the area without restoration (Figure 7). A considerable decrease was produced by an increase in organic matter in the soil.
[image: Figure 6]FIGURE 6 | Soil Texture graphics comparing the soils of restored or intervened areas with soils without conservation or restoration measures.
[image: Figure 7]FIGURE 7 | Soil chemical properties. (A) Distribution of organic carbon (OC) and (B) Soil pH values comparing the soils of restored or intervened areas with soils without conservation or restoration measures.
Fencing and Reforestation
The capacity of rangelands to sustainably supply the livestock sector in Mauritania has been overexploited. In addition, a significant proportion of forests and shrub savannas are under severe threat. Therefore, one of the measures implemented to facilitate the development of these ecosystems is the physical fencing of large areas to prevent human and livestock access (Figure 8A). The reforested and fenced areas in Awebia, Guimi, and Lougué Potié exhibited remarkably dense herbaceous cover within the plots (Figures 8B–D). The reforestation strategy begins with the dispersal of seeds from different tree species, followed by the rapid growth of herbaceous plants and development of native trees that sporadically sprout within the plot. The species used in the plantations include Balanites aegyptiaca, Ziziphus mauritiana, and A. raddiana, which are abundant in the area. The dimensions of the fenced areas ranged from 2 ha to 50 ha.
[image: Figure 8]FIGURE 8 | Evidence of vegetation cover development in the enclosures established within the GGW project: (A) front view of closure in Lougué Potié, (B,D) aerial views of the enclosure in Krehimi and (C) aerial view of Lougué Potié (original photos by M. Vieitez-Garcéa).
Restored soils have an incipient differentiation of horizons in the soil profiles of Lougué Potié and Guimi, especially with the formation of a structured, darker-colored surface horizon A (Table 1). Field evidence of improved soil health include the common presence of medium and fine roots, as well as galleries, resulting from the biological activity of mesofauna in the shallow surface horizons (<5/6 cm) of the soils in Lougué Potié and Guimi (Figure 9). A greater number of aggregates, larger size, and slightly hard-to-very hard consistency were observed.
TABLE 1 | Determination of soil colour measured by comparison with a Munsell Soil Book in 4 sites with one representative soil (Control area) next to the reforested soils.
[image: Table 1][image: Figure 9]FIGURE 9 | Field observation of aggregate formation. (A) Aggregates are barely observable in control site in the Lougué Potié area and when gently disturbed, the soil material breaks into a mixture of few entire aggregates and much material without aggregate faces. (B) Intervened zone for reforestation in the Lougué Potié area with soil structure development and organic matter content. When disturbed, the soil material breaks into a mixture of many entire aggregates, some broken aggregates, and little material without aggregates faces. Aggregate formation with galleries from biological activity in reforested soils: (C) medium to large aggregates with hard consistency in the top 25 cm of the sampled soil in Krehimi and (D) medium and fine aggregates at a depth of 6–25 cm in soils in Guimi (original photos by M. Vieitez-García).
Textural differences were also observed between the four sites studied. In all cases, textural classes were sandier in the untreated plots (sandy–sandy loam) than in the treated plots (sandy loamy–sandy clay loam) (Figure 6). The difference between the sands varied between 5% in Krehimi and 17% in Lougué Potié. An increase in clay content was observed in all cases, again being the lowest in Krehimi and highest in Lougué Potié. Preliminary analyses showed 1.4% more coarse fragments and 0.90% more sand in untreated plots. Wind erosion affects the selection of soil particles, which in the long term may produce textural changes in the topsoil (Chepil, 1957). This small variation in texture over such a short period is a highly relevant result. Wang et al. (2015) reported that some reversal of aeolian desertification occurred in parts of the northern China agro-pastoral zone because of sustainable and effective measures adopted and implemented in local regions (Wang et al., 2015). Fine soil particle content contributes to the development of soil structures that are resistant to wind erosion, thereby decreasing aeolian transport rates (Wang et al., 2013).
The differences in OC content were small, with average values of 0.34 ± 0.06 in the reforested areas and 0.23 ± 0.02 in the control areas; however, they already reflect a trend towards increased soil OC (Figure 7). These small differences were observed over a very short time interval since the last documented intervention was performed in 2021. These data are promising as they show a positive ecosystem response. The positive effect of increased biological activity is also evident in the variation of pH values (Figure 7), with an average of 8.2 ± 0.31 in the reforestation areas and 8.7 ± 0.29 in the external or control areas.
Floodplain Restoration
The “Cash for Work pour la conservation des eaux et des sols/défense et restauration des sols” of the Save the Children project in Monguel (Gorgol) is located in a watershed where various actions have been conducted (Figure 10), including the installation of a series of gabions in the riverbed to reduce water velocity and flood the surrounding plains. These installed gabions seem to favor the accumulation of fine particles (silt + clay) in the leeward side, although the values do not exceed 13% of that in the untreated area, despite being very sandy areas (Figure 10B). No relevant differences were observed on the windward side of the structure. Additionally, a dam was constructed to promote water infiltration into the soil and help store water after periods of heavy rainfall (Figure 10C). A stone contour line (stone raws) or cordon Pierreux approximately 10–20 cm high was placed on the Monguel village plain, following the contours of the terrain (Figure 10D). These stone contour lines aid in the settling of fine particles and reduce wind erosion during the dry seasons, all within a fenced perimeter of 100 ha (Figure 10A), reducing livestock access and allowing for the development of vegetation cover, which generates multiple benefits for the soils as soil organic matter increases.
[image: Figure 10]FIGURE 10 | Oblique drone image of the riverbed and surrounding plains in Monguel village (Gorgol region) worked on by the Save the Children project in 2015: (A) fencing around the intervened perimeter to prevent the entry of animals, (B) dam or dike to retain and store water after the rainy season, (C) gabion in the riverbed channel to reduce water velocity and promote flooding in the adjacent plains, (D) stone cord in the floodplain to retain sediment and reduce wind erosion during the dry period (original photos by M. Vieitez-García).
In the floodplain, the samples from the treated area had a sandy–loam textural class compared with the sandy texture in the untreated area (Figure 6). The floodplain also shows an increase in soil OC (Figure 7), which reflected a greater structural development of the soil and darker tones (10YR 5/6 dry and 10YR 3/6 wet) compared with other points on the plain where no intervention has been conducted (10YR 7/4 dry and 7.5YR 4/4 wet). However, despite encouraging analytical results, the project has not been maintained over time and has been abandoned for years. Perimeter fencing was severely deteriorated in some areas as restored plot of the Save the Children project in Monguel (Gorgol region) or Bassikounou (Figures 11A, B). Another example was the gabions in the riverbed channel near Monguel village that were destroyed after the 2017 floods (Figure 11C). Restoring these measures is necessary because the aim of this project was to improve the soil quality in the floodplain for the subsistence practices of the inhabitants of the Monguel.
[image: Figure 11]FIGURE 11 | Examples of deteriorated infrastructure. Two examples of broken fencing: (A) entrance to the restored plot of the Save the Children project in Monguel (Gorgol) showing the damages to the fencing and passageways without an access gate and (B) broken fence reflecting the need for fence maintenance in Bassikounou. (C) Aerial image of a damaged gabion after an important flooding event in the floodplain of Gorgol (original photos by M. Vieitez-García).
Community Gardens
Another strategy applied in the study area was the development of community gardens as Moustah community garden (Brakna), Tewmiyaa community garden (Traza) and Guimi community gardens (Brakna) (Figure 12). Supporting rural dwellers to produce more food on their own could be relevant in reducing the push factors of migration, increasing job creation, and combating land degradation. As an example, preliminary sampling was conducted at the Moustah Point, where community gardens were implemented. The texture of the soils within the community gardens and in the untreated areas were similar, with values between 66% and 82% sand and 12% and 14% clay. No relevant differences were observed in the OC content (1.3 ± 0.2) of the topsoil (0–30 cm). However, greater biological activity was observed in the community garden soils. A greater presence of roots and small worm galleries favor the formation of larger and more consistent aggregates. These soils did not have salinity problems, although the soils outside the community gardens had a slightly alkaline pH (8.7). The growing biological activity and amendments applied to the soil helped to slightly decrease the pH (7.7 ± 0.5).
[image: Figure 12]FIGURE 12 | Development of agricultural communities. (A) Aerial view of the Moustah community garden (Brakna) and (B) community garden in Towmiya (Trarza). Activities in community gardens are developed exclusively by women: (C) community gardens in Guimi and (D) forest nursery at PK17 (original photos by M. Vieitez-García).
STAKEHOLDER PARTICIPATION AND PERCEPTIONS
Goossen (2020) reviewed guidelines on how to involve local communities in nature conservation projects in the GGW of Africa and found that from the 20 documents that specified decision-making, implementation, and maintenance phases, only nine documents mentioned the importance of involving local communities in the decision-making phase and nine documents mentioned all three of the phases. Currently, the population’s involvement or knowledge regarding the benefits of reforestation management is scarce. For example, any medium-term management plans for installed fences have been implemented. However, new strategies are currently being incorporated into the GGW of Mauritania, including the access of local communities to credit, payment for ecosystem services, increasing land tenure security, supporting local business opportunities, providing better access to markets, increasing local alternative income, and strengthening local governance. Increasing the stakeholder ownership of processes and resources at different levels is at the core of the GGW Initiative.
These new strategies and actions provide a positive assessment of the different local stakeholders (Figure 13). The positive consequences of recent actions, such as the fixing of dunes and the fencing of some areas, are discussed in an interview conducted by one of the authors with Brahim Beikem, the Field Chief of ANGMV in the Brakna region (Figures 13A). Mr. Beikem highlights dune fixation as an important strategy because it prevents the exodus of small villages covered by sand, especially young people, and even nomadic populations. An increase in the population of certain communities allows for local economic activities with small shops and businesses. Mr. Beikem also perceived the positive results of the preliminary soil study, in which overgrazing was avoided and reforestation activities began. The protection of certain areas has increased the collection of certain seeds or gum arabic that can be marketed as natural thickeners (Figure 14) as well as improved the quality and quantity of crops. He emphasized that these fences must be changed in relatively short periods because they deteriorate rapidly as mentioned before. This confirms the positive assessment of the community regarding the efforts made by ANGMV to implement changes, highlighting the significant impact on its population resulting in changes to the quality of life of many people. This has increased the stability of the communities and the feeling of connection with the territory.
[image: Figure 13]FIGURE 13 | Local stakeholders: (A) Brahim Beikem (ANGMV Field Manager in Brakna) with Aisha and Fatimata (manager of the Moustah community gardens) during the field interviews and (B) Mohammed Sueilan (ANGMV field manager) inside a plot where dune fixation has been conducted in the Trarza region, (C) Monguel Women’s Cooperative and (D) commerce self-managed by the local population with the help of the ANGMV (Moustah Village) (original photos by M. Vieitez-García).
[image: Figure 14]FIGURE 14 | Collection of (A) gum arabic and (B) fruits of Balannites Agyptiacaca in Kaedi (Gorgol), (C) other fruits and seed from different community gardens, Kaedi (Gorgol) (original photos by M. Vieitez-García).
In Zamur, where a 20 ha intervention was conducted to protect the town from the movement of the dunes, Mr. Mohammed Sueilan (Figure 13B), an ANGMV Field Manager in the Trarza region, revealed the changes resulting from the restoration. These important changes allowed the population to be stabilized in their houses. Mr. Sueilan highlighted that this initiative of the Mauritanian state was being adopted by many other countries in the Sahel. Nevertheless, the reforested hectares must be delimited perfectly because a large amount of money, mostly from international investments, has been invested in the project (approximately €2,500 per hectare). He also highlighted community garden projects being developed in this region. All fruits and vegetables produced were sold in local community stores (Figure 13D). ANGMV provides the seeds and all materials (rakes, watering cans, baskets to collect water, pumps for the wells, etc.).
The interview with Ms. Aisha (Figure 13A), as a Manager of the Community Gardens implemented by the ANGMV in Brakna for the last 6 years in Brakna, reinforces the importance of these actions in the life of the community because the crops are produced and marketed locally (Figures 13C, D). Seeds and organic amendments, such as compost, are provided by national and international organizations. This activity is developed exclusively by women, which allows them to revalue their weight in society, improve their self-esteem, and avoid social isolation. However, Ms. Aisha also expressed some problems with diseases in the crops and the low quality of sandy soils.
Generally, ecosystems cannot be separated from social systems; rather, they should be viewed as “interactive systems.” Just as humans have an increasingly significant impact on ecosystems worldwide, ecosystems are vital for the functioning of human systems through the ecosystem services they provide. Therefore, in the processes of restoration and conservation of these “interactive systems,” more attention should be paid to the importance of involving society in the debate and participation in these actions as a guarantee of long-term success in large-scale environmental projects (Swart et al., 2018). This begins by promoting a long-term vision within all promoting entities, such as international and national agencies and NGOs. Not only must local communities be involved but long-term sources of funding must also be established to support long-term monitoring or advisory services and enable occasional assistance in case of deviations from the objectives. Therefore, generating awareness about these types of projects is necessary to inform stakeholders of their current status and generate interest in society.
CONCLUSION
The preliminary results obtained in the present study show a notable improvement in the vegetation cover of the soil after fencing, preventing the passage of livestock, and dune fixation in this region of the Sahel. This improvement has had direct effects on soil quality indicators such as OC content, pH, soil structure, color, and texture.
Currently, environmental restoration proposals related to ANGMV in Mauritania have evolved by incorporating social aspects to involve society in their development and success in the medium and long term. Different local stakeholders have shown considerable involvement in the projects, which have positively valued their implementation and improved the daily lives of the communities. Nevertheless, these ecological restoration projects linked to the GGW still lack qualified technical personnel and a monitoring and evolution system that can evaluate the results obtained.
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