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Abstract

:

In a less-favored area such as the Sahel, promoting sustainable management, breeding, and conservation of forestry resources would result in improvements for agroforestry systems and food security. A contingent ranking exercise allowed us to estimate the preferences and the values given by the rural population to the attributes that would be comprised in a conservation program. The resulting preferred program is farmer-managed natural regeneration (FMNR) based on the species Adansonia digitata (baobab), with plantation, stone bunds, or tassa, and selected or bred seeds. The proposed actions to improve the tree density and the seed quality were highly valued by the respondents. Nevertheless, no clear differences were found between tassa and stone bunds, or FMNR and plantation. The main effects of the program, according to the surveyed population, include an increase in crop production and soil conservation, and higher income from tree products. This study allowed us to identify the program that would provide the greatest well-being for farmers, since it would allow them to simultaneously improve both the production of their crops and the production of the woody food species. It was shown that farmers were particularly willing to contribute to a program based on baobab, mainly because its products are used for food in the home and can be sold in markets. In this sense, the yield and production of the system would be improved by increasing the number of baobab trees. Farmers would contribute to this production system and would be willing to invest sustainable effort in the long term. The conservation and breeding program can be directed at conserving and propagating the genetic resources of A. digitata in an initial phase, selecting trees with good production, growth, and adaptation characteristics.
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1. Introduction


In arid regions of Africa, as in other parts of the world, trees and shrubs in marginal land or in agroforestry systems have great ecological, economic, and food value for the homes of rural communities [1,2,3,4,5,6]. Agroforestry systems and their non-wood forest products (NWFPs), also called non-timber forest products (NTFPs), are sources of food, such as fruits, fats, oils, leafy vegetables, and condiments, which complement the basic food crops in local diets [7,8]. Agroforestry is considered one of the few solutions that provides a combination of food security and resilience to climate change and is considered one of the best possible solutions that contributes to conserving the environment and biodiversity [9,10]. The practice of agroforestry has been identified as an adaptation strategy constructing livelihood resilience to flood and drought in Kenya [11], combining food crop production with other tree-mediated ecosystem services in semi-arid West Africa [12] and directly improving household food security by integrating trees into farms to enhance soil fertility in Malawi [13]. In Ethiopia, local communities performed land rehabilitation programs such as tree regeneration on farmland and hill-side planting [14]. Adverse ecological conditions normally pose a lower risk to forestry production than to agricultural production, wherefore trees and forests constitute a kind of safety net in situations of lost annual crop production, as well as in periods of food scarcity between two crops [15]. Nevertheless, availability and adding value of indigenous tree products and services is still required [16].



Changes that affect the density, quality, and distribution of the tree cover have a direct impact on the genetic diversity of a species [17]. This diversity is related to the adaptability to the changing environment and to the potential to improve the production traits of a species. Patterns and levels of genetic diversity are available for only a few native woody food species in the Sudanese zone [18,19], but no specific information is included for the Sahelian-Sudanese zone. Generally and in light of a lack of knowledge about the genetic diversity of forest species, precaution is initially suggested. The idea would be to conserve the largest possible quantity of important genetic resources at the local level. This would make it possible to assure the conservation of woody species that currently have value or that could be a source of values (unknown up to now) and/or of products and services for future generations [20].



Conservation, defined as the rational and sustainable management of natural resources, has often come into conflict with survival and human development [17,21,22,23]. In recent years, an excessively utilitarian perspective of managing and conserving nature has transformed into a more dynamic, “man–nature” perspective. From this new point of view, there is an emphasis on developing sustainable interactions between human societies and the natural environment [24]. The success of forestry management plans is based on the intervention of local communities, including local knowledge and the capacity of local members to observe the processes and gather key information [25]. Moreover, acknowledging how and why people value resources and react to management programs reduces conflict between players and promotes the acceptance of programs [26].



The Sahel is a good model for studying and proposing management and conservation strategies, thereby considering the high importance of NWFPs in the region, the environmental changes there, and the high human interaction due to management and use in the ecosystems. The predominant hypothesis is that the region has experienced dramatic climate change, driven mainly by a decrease in annual precipitation, although it is not the only cause of the observed changes that are affecting the environment. Land management strategies, local practices, micro- and macro-economic factors, specific local characteristics, population fluctuation, and policies are factors that have contributed to environmental changes in the Sahel [27]. Currently, there is a major revegetation effort in the Sahel, and various initiatives are being carried out, such as the Great Green Wall [28], to promote the restoration and renovation of forests and to successfully revert deforestation locally [29,30].



An increased general interest in conserving woody species in Niger can be perceived, mainly due to the loss of natural forests. This has been partially caused by human pressure, which requires a considerable area of land for agricultural production. Cooperation projects have been highly appreciated both by national agencies and local populations in terms of restoration of degraded lands [2], especially regarding erosion control, farmer-managed natural regeneration (FMNR), and afforestation programs [31]. Social participation must be the focal point of any effective activity to conserve natural sources, including forest genetic resources. Our study establishes the basis for a program that seeks to make people participate in their own development, to favor both the recovery and improvement of food tree resources for human consumption.



For this purpose, understanding the adoption of the agroforestry system and taking into account the “view of the farmer” is a challenge. The study of the preferences of farmers as well as their availability to participate in sustainable management actions facilitates the success of the implementation of the programs and the improvement of the whole socio-ecological system [32,33,34,35,36]. Thus, the aim of this paper was to estimate the preferences for participation by local communities in conservation and improvement programs for their agroforestry systems, more specifically regarding the trees that are present in those systems. We conducted an analysis of the preferences and values that the rural population attach to the different attributes as the species, the technique to increase tree density and water soil conservation, and the quality of the seeds.




2. Materials and Methods


2.1. Area of Study


The Republic of Niger is a country with an area of 1,267,000 km2 and approximately 18 million inhabitants. Over two-thirds of its surface area is desert. The climate is dry tropical, with two seasons: a dry season with high temperatures and a rainy season. From north to south, rains vary from under 100 mm/year to somewhat over 800 mm/year, and there are five agro-ecological zones in the country (Figure 1): (1) Sub-Saharan zone (74% of the total surface area): it has a dry and desert-like climate, and the vegetation, when it exists, is the steppe shrub type that takes shelter in depressions or oases. There is a predominance of nomadic livestock farming and agriculture at the disperse oases. The majority of the northeastern region is extremely arid and uninhabitable. (2) Sahel-Saharan zone (10% of the territory): it is marked by arid conditions, with livestock grazing and woody vegetation in the form of pseudo-steppes. (3) Sahelian zone (8% of the surface area): it has semi-arid conditions, clearly formed by shrubs or woodland. The agro-pastoral system predominates. (4) Sahel-Sudanese zone (7% of the surface area): the vegetation consists of a savannah of shrubs or trees with highly varied rates of production. This is an area with high agricultural potential, both dryland and irrigated farming. Livestock is also present, heavily mixed with agriculture. (5) Sudanese zone (1% of the territory): the vegetation is composed of one, more or less continuous, herbaceous layer and a woody layer formed by trees and shrubs that can form populations or small woods locally. The climate is favorable for more intensive agricultural activities and for irrigated farming in the proximity of the Niger River.



In 2014, the Human Development Index (HDI) of Niger was ranked last of 187 countries [37], with 76% of the population living on less than USD $2 a day. Agricultural and livestock production is mainly used for family subsistence. The beginning of the rainy season, of major importance for growing cereals, arrives increasingly later, wherefore agricultural production is frequently insufficient to cover the needs of the local populations. Floods are often followed by periods of drought. These conditions cause the existence of an annual season of food scarcity, which generally lasts 4 months, but it can even reach up to 8 months in certain zones. One study conducted in Kollo (Tillaberi, Sudanese zone) illustrates this situation, where the majority of homes were found to be involved in agriculture as the main activity [38]. Nevertheless, all the homes were net buyers of food, because they did not produce enough to cover their annual food needs. Some even sold part of the production as soon as it was harvested (when prices were low) to cover other needs, later having to purchase food when the prices had risen. A total of 92.6% of homes stated that they suffered from food scarcity at some point during the year.




2.2. The Sample


The target population included households from five villages selected according to different ecological characteristics and agroforestry practices. All the villages are subject to food vulnerability and need to improve the quality of the environment as they are highly affected by negative consequences of climate change. Figure 1 shows the location of the five studied villages and are referred here from wetter to drier agro-ecological conditions: Mollé-Haussa (commune of Tamou) in the Sudanese zone, Dan Gao (commune of Aguié) between the Sahel-Sudanese and Sudanese zones, Roubassaou (commune of Madarounfa) and Djabou (commune of Tamou) in the Sahelo-Sudanese zone, and Guessé Gao-Banda (commune of Simiri) in the Sahelian zone.



A minimum sample size of 42 individuals was estimated for our experimental design [39]. A total of 47 surveys were taken of people likely to participate in and make decisions about the proposal of a conservation and breeding program.




2.3. The Questionnaire and Contingent Ranking Design


In order to gain a more in-depth understanding of the local population’s preferences, we designed a questionnaire targeting land managers (farmers who are owners or who have rights of use). The questionnaire was divided in three different sections: (1) the information about the respondent, their home, and resources; (2) the information about the production of the four food tree species proposed; and (3) the ranking exercise and effects of the conservation and improvement program. The respondents were offered several management actions for their land. The ranking exercise was designed, taking into account the potential amelioration of the living conditions of the rural inhabitants of Niger. The suggested solution varied from sustainable management to conservation and improvement of forestry resources, such that existing resources were conserved and the quantity and quality of the system’s production was raised. We selected the attributes and levels, and we created an experimental design that allowed us to obtain the necessary choice cards to obtain the individual preferences for each element of the program. In summary, Table 1 presents the attributes and levels that the study was composed of (see an example of the cards in Figure 2). Each respondent started by selecting her best and worst choices, and then she was asked to identify her preferred choice between the remaining two alternatives. Thus, we obtained a full list of ranked alternatives for each respondent. The attributes and levels are as follows:




	(1)

	
The tree species that provide human food: Adansonia digitata (baobab), Boscia senegalensis (anza), Balanites aegyptiaca (desert date), and Ziziphus mauritiana (ber). The selection was made considering the common tree species that provide human food that were cited the most in a study on Niger [40], thereby considering the fact that they represent a different degree of presence and/or interest in all the studied communes (municipalities) due to their food outputs. Moreover, the questionnaire included questions to confirm the selection of these species, its ranking, and its type of regeneration. For each species, two more questions were addressed: all the different uses as well as its more important use or priority use and the perception by the respondent of the threats of degradation on each species and its main perceived threat, in terms of times of citation.




	(2)

	
Actions for increasing tree density: FMNR is an approach for arable land restoration and reforestation that seeks to reconcile food production, soil conservation, and the protection of biodiversity. It involves protecting natural regeneration that originates from the seed bank existing in the soil, on stems regrown from the live stumps of felled trees, and on pruning to achieve straight trunks [31].




	(3)

	
Water Soil conservation actions (WSC): half-moon, zaï/tassa, and stone bunds. Previous studies [41,42,43] showed that in Niger, seedlings tend to burn if water conservation techniques are not applied. In degraded soils, stone bunds, zaï/tassa, and half-moon techniques are used to capture rain water through collection or to slow the run-off and improve efficiency in water use, therefore reducing evaporation to a minimum and increasing percolation to favor plant growth. Stone bunds improve water retention and filtration into the ground, thereby increasing the quantity of water available for plants and guaranteeing a good harvest. They also provide protection against wind erosion if there is good growth of plant cover. They are limited by the availability of stones in the area. Simultaneously, tassa/zaï is a water collection technique to improve water retention and prevent the loss of organic fertilizer due to run-off. It has the advantage of allowing crops to be sewn even in periods of low rainfall. It involves preparation of the land in holes covered with mulch and organic fertilizer. This technique has been used successfully to increase the quantity and yield of millet in Niger. Preparing the soil in the form of half-moons is advantageous when rain is scarce and there is a slight slope. The structure slows run-off and allows collected water to infiltrate the soil. It is used to restore degraded soils for vegetable crops, grazing, or forest plantations [44].




	(4)

	
The quality of the tree seed to be used in actions: The various levels of seeds are non-selected, selected, and bred seeds. The changes that affect the density, quality, and composition of the tree cover cause a direct impact on the genetic diversity of the species that are present and on the corresponding current or potential value of this diversity. Regarding NWFPs, there is high variability in the desirable traits, such as the size of the fruit, the proportion of pulp, the content of vitamins, and the oil composition, which is an essential prerequisite for breeding and domestication. It also provides an excellent opportunity to develop cultivated varieties of phenotypically superior trees, although a greater understanding of the genetic aspects of production is currently required [17].









The genetic inter- and intra-specific genetic diversity and quality of a seed and, in this case, the origin or source where it is collected are going to have an influence, first, on the adaptation of any new plants, and second, on the production and the results expected from using it [45,46]. In Africa, different breeding and domestication programs are being developed, for example for the adaptation of B. aegyptiaca [47]; the fruit production of Parkia biglobosa, Tamarindus indica, and Vitellaria paradoxa [48]; the production of A. digitata leaves and fruits [47,48,49,50,51]; or the production of Z. mauritiana [8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52].



By “non-selected” seed, we mean a seed whose origin is unknown, and farmers could even have acquired it in the market as a food product, later to be sewn. In the case of A. digitata, the pulp is purchased with seeds, but only the pulp is used for food and the grains could be used for seeding. There is no certainty about the behavior of the plants obtained from the purchased seeds, in terms of adaptation or in terms of production quality or quantity. A “selected” seed is one that is collected from trees known to have good production, growth, and/or adaptation, normally by an officially recognized provider of seeds, wherefore we can forecast similar behavior. Finally, a “bred” seed comes from tree improvement programs, with recommendations and guarantees for subsequent planting under certain ecological conditions.



	(5)

	
Task force: In order to be able to evaluate the preferences of the local populations in terms of willingness to make sacrifices for implementing conservation and improvement programs (in this case, non-monetary sacrifices, rather sacrifices in the form of effort), the number of work days that the local population must work in order to succeed with the proposed programs has been included as an attribute (12, 18, 24, or 30 work days per year).







Work time was chosen instead of a monetary measure due to the fact that the majority of the population is subject to a subsistence economy. Other previous studies have already demonstrated the suitability of using work time and non-monetary units to evaluate the willingness to pay in developing countries [53,54,55,56] or when the sample is formed by people not earning an income [57]. Posing a monetary attribute, which is normal in economic assessment exercises in countries with greater economic development, would hardly be credible for a population that experiences major periods of food scarcity. Nevertheless, follow-up questions that allow us to transform effort into a monetary cost were included.




2.4. Estimation Approach


A pivot design based on D-efficiency criteria was performed using the Ngene software [58]. In this design, the attribute levels were pivoted from the reference alternative (the status quo). In addition, we followed a D-0 approach [59], i.e., null priors were considered due to lack of prior information. A total of 12 choice cards were designed with a ranking format, each of which included 4 programs (including status quo), and they also provided the possibility that the respondent might not respond (does not know, does not answer). In each card, the four proposed programs were ranked from 1 to 4, with 1 representing the preferred program and 4 the least-preferred. An example of the ranking cards is shown in Figure 2.



Farmers (i = 1, …, I) are assumed to be rational and maximizing their utility when chosen from a set of alternatives (j = 1, …, J) in each choice card (C). For each alternative j, the farmer indirect utility function (Uij) depends on a deterministic element (Vij) and a stochastic or random component (εij ), which cannot be observed by the researcher.


Uij = Vij + εij



(1)







In terms of probabilistic inference, the choice probability of an alterantive k in a choice card C is


P(Uik > Uij) = P[(Vik − Vij) > (εij − εik)] k ≠ j, k,j ∈ C



(2)







In order to extend the usual conditional logit derived by [60,61], we developed the econometric model to analyze the data obtained from a ranking exercise. Moreover, random parameter logit models (RPL) allow us to deal with unobserved preference heterogeneity [62] and avoid restrictive assumptions such as the independence of irrelevant alternatives [63]. Thus, if individual preference values β vary in the population with density f(β|Ω), with Ω denoting the parameters of density, the probability of farmer i’s rankings [y1, y2,...,yT] can be calculated by solving Equation (3) through simulation. The software NLOGIT 6.0 [57] was used for the estimation of the model. We used Halton sequences in simulations and 1000 replications [64,65].


   P i      [  y 1 ,   y 2 , … , y T  ]    =  ∫  …  ∫    ∏   t = 1  T    ∏   j = 1   J − 1     exp  (   V  i j    )      ∑   k = j  J  exp  (   V  i k    )    f ( β | Ω ) d β  



(3)







The effort attribute is assumed as a fixed parameter and the other attributes are assumed to be random and follow a normal distribution [66]. The willingness to work (WTW) was calculated on the basis that the coding of attributes j and levels l were in the form of effect codes and not as dummies [67,68]. Therefore, the WTW was calculated as


    WTW  l j  =    β l j     − β    ref   level  j     β  effort      



(4)




where    β  r e f   l e v e l  j  = −  ∑   β l j      represents the estimated coefficient associated with the reference level of the attribute j.





3. Results


The respondents belonged to three main ethnic groups, the Hausa, Zarma, and Gourmantche, with the surveyors speaking the Zarma and Hausa languages. The Gourmantche communicated in Zarma with the surveyor. The gender balance of the respondents were two-thirds men (32 individuals) and one-third women (15), and practically all of them were married (44). Nearly all the respondents were men (27) or female heads of household (15). The respondents stated that they suffer from a 4-month period of scarcity (from March to June) per year, and half of them migrate seasonally. Approximately, one-third of the surveyed population was found to be illiterate (15 individuals), and 11 farmers had studied the Qur’an. In Niger, Qur’anic schools represent the traditional institutions of basic education in rural areas. Their function is not merely limited to reading and memorizing versus of the Qur’an, rather it also includes broader and more fundamental areas of civic education, community life, and spirituality.



Regarding property, the majority of respondents had acquired the cultivated land through inheritance (33 individuals), borrowed from others (head of the land or the family, neighbors; 10 individuals), or through purchase (7 individuals), with an average surface area of 2.8 hectares per respondent. The mean distance from the home to the land was found to be 2.5 km. The main crops were millet, cowpeas, sorghum, sesame seeds, and peanuts.



Among the four tree species considered in this study, A. digitata was the only one planted by farmers. FMNR was applied to cultivated land where B. aegyptiaca and Z. mauritiana were present, and B. senegalensis was normally found naturally occurring without planting or specific care (Table 2). The main use of these four woody species is human food, although they are also used for animal feed. A. digitata is also used for medicinal purposes, and the wood from B. aegyptiaca, B. senegalensis, and Z. mauritiana is used for various purposes (Table 3). The main threats to these trees were identified as unsustainable use (harvesting of leaves, flowers, fruits, wood, and bark). For example, B. aegyptiaca and Z. mauritiana are subject to over-grazing and excessive harvest of the wood, and B. senegalensis has suffered from land clearing and drought (Table 4).



The contingent ranking allowed us to analyze the preferences of the local farmers according to the various attributes and resulting levels of the experimental design. Two models are presented (see Section 2.4). Model 1 corresponds to the traditional conditional logit proposed by McFadden et al. [60] and extended to ranking data by Beggs et al. [61]. The second is a random parameter model constituting the basis of ulterior analysis since it better explains the preferences of the farmers (see log likelihood figures in Table 5).



Forty five (45) out of the 47 respondents preferred one of the proposed programs as opposed to leaving the crop fields in their current state (status quo). The preferred conservation program is based on the species A. digitata with selected seeds. In regard to the tree action, and water and soil conservation attributes, little differences were shown at the FMNR and plantation levels, respectively, and for the tassa and stone bunds. The main effects of the program, according to the respondents, are an increase in crop production and soil conservation, as well as an increase in income from tree products.



In terms of WTW, the actions on soil conservation to improve the yield of the system represents the greatest contribution to payment: 22.19 work days for tassa and 22.22 work days for stone bunds. The use of A. digitata contributes 18.35 working days, while the WTW is significant and negative for the other three species, indicating that respondents would require compensation if any of the other species were cultivated on their lands. Regarding an increase in tree density, similar values were observed for FMNR (16.80 work days) and plantation (15.51 work days). The quality of the selected seed contributed a WTW value of 13.38 work days, versus bred seeds, which had a WTW value of 10.68 work days. In addition, the respondents were asked about the time horizon during which they would maintain their effort, and the results indicated that half the population would participate in the program for an indefinite period, while the other half would do so for a period of 5 years.



Finally, the questionnaire included questions that allowed us to convert the WTW into monetary terms. The respondents were asked about the number of hours that an agricultural work day represents in their village and about the corresponding wage that they would receive. The mean agricultural work day was represented as 4 hours, with a remuneration of XOF 1889 (similar to 20 chicken eggs (XOF 2000), a chicken XOF (1500–3000), or 4 kg of millet (XOF 2000) in the Katako-Niamey Market) [69]. Considering these values, the WTW can be transformed into WTP (willingness to pay), thereby obtaining an assessment, in monetary terms, of the preferences for the proposed program. This information is presented in Table 5 as a reference for future comparisons for other studies.




4. Discussion


In Niger, the most important crops for human consumption are sorghum and millet [70]. Increasing production requires adequate agricultural techniques for conserving the soil and moisture. This results in an increase in food security. Furthermore, in recent years, the perception of local communities regarding natural resources has undergone a change in favor of conserving natural and native vegetation [40]. The Nigerien Rural Code and other institutional reforms, international and technical support from civil society (NGOs), as well as incentives for planting or conserving trees have caused an impact on communities, thereby allowing them to be the owners of the trees and benefit from their products [71]. Therefore, stakeholders (farmers, merchants, consumers, civil society, local and national decision-makers, etc.) should be consulted when planning the implementation of the voluntary agroforestry program.



We focused first on the farmer’s uses and perception of the threats of degradation of the four species proposed in the program. A. digitata is the only one planted, B. aegyptiaca and Z. mauritiana are FMN regenerated, and B. senegalensis is kept at wild stage or even removed when clearing the land, as already reported in the region [72,73,74]. In concordance with previous findings in Niger [40], the main use of all four species is human food and the overexploitation due to food consumption is considered the main threat. Other factors related to climate change (such as drought) are also considered the cause of the increasing vulnerability of the tree species in different regions [75,76,77].



A previous study analyzed the willingness of rural and urban consumers to contribute to the conservation of baobab resources in Niger. The majority of the respondents (61%) were willing to pay a mean of 24.7% above the current market prices towards the conservation of this food species [78]. Farmers of our study showed higher interest—96% of the respondents were willing to contribute to a conservation and breeding program of forestry food resources in Niger.



The respondents demonstrated a positive willingness to contribute, ranging from 13 to 22 working days, attending to different proposed actions. We can conclude that these figures are relatively high if compared with other studies. In Ghana, 59% of the farmers were willing to pay in order to integrate timber trees on farmlands to enhance agricultural production [33]. Seventy eight percent (78%) of farmers were willing to support water and soil conservation measures in agricultural lands in India [79]. Farmers’ willingness to contribute to water and soil conservation was about 60% in Ethiopia [80].



The type of agroforestry management that the local population applies depends to a large extent on the forest species selected. According to the responses from the farmers, the species A. digitata is mainly chosen as the preferred species because its products are used traditionally in home cooking, but they can also be sold in the markets. Planting actions or actions that favor regeneration are justified by generating an increased number of trees in the field. The soil conservation technique is chosen with the aim of yielding better trees, meaning trees that are more productive and resistant to dry agro-ecological conditions. Finally, the type of seed is identified with better-quality production (selected seed) and greater production (bred seed).



In general, the local population selects the superior trees of A. digitata on the basis of the quality of the leaves, and in order to be able to provide some care and increase leaf production, they take young trees selected from those in the crop field to transplant them to their homes [49]. Conserving, protecting, and managing trees of A. digitata in the crop fields has an impact on the economy and well-being of the rural populations of the Sahel. Binam et al. [81], in a study conducted in Burkina Faso, Mali, Niger, and Senegal, found an increase of USD $72,000 in annual income for 1000 homes that continuously apply FMNR. The income derived from the sale of leaves from one tree of A. digitata in Zinder (Niger) can represent between USD $27 and USD $75 per tree, depending on the location and frequency of markets. Haglund et al. [82] calculated crop production values, and in the fields where FMNR was practiced, the values were nearly 60% higher than in fields where this practice was not applied. Binam et al. [81], found that the yields of crops where FMNR was applied were between 15% and 30% higher than where FMNR was not applied. In general, adopting the practice of FMNR in the Sahel in West Africa could mean an increase of USD $300 per home per year in strict economic terms [83].



Moreover, if soil conservation techniques are used, agricultural production increases. One comparative study of WSC techniques in the region of Tillabéri (Niger) clearly showed that these techniques improve the growth of millet crops, regarding both straw and grain yields. The greater grain yield came from using zaï/tassa, which was approximately 2.5 times greater than the yield using the half-moon technique [43].



The farmers from all the sampled agro-ecological areas would like to improve their production system and invest sustainable effort for a minimum of 5 years, or even indefinitely. Clearly, it is essential to ensure the sustainability of the agroforestry system and to increase agricultural production, and the yield and production of the system would be improved by increasing the number of trees of A. digitata. The preference for a certain type of action to increase the tree density is not clear. Education may lead to a better understanding of how to practice FMNR, or a greater openness toward innovation in general [82]. The results are based on a small sample size (although at the minimum of the formal required values), and additional research can further clarify results and nuances, including more in depth analysis of data heterogeneity [67] to understand the influence of the specific local conditions on these issues.




5. Conclusions


Results show that selection and breeding programs can be directed at conserving and propagating the genetic resources of A. digitata, selecting trees with good production, growth, and adaptation characteristics in an initial phase. The preference for a certain type of action to increase the tree density is not clear, due probably to the specific local conditions of each zone, a lack of resources, and a lack of technical knowledge for applying the actions. Technicians of extension services and NGOs should make the effort to spread knowledge of and training on these techniques so that farmers can adopt them.



Finally, it has been shown that these selection and breeding programs, which could be executed initially by universities and research institutions, can be supported to a large extent by local knowledge and can be directed at conserving and propagating the genetic resources of A. digitata, in an initial phase selecting trees with good production, growth, and adaptation characteristics. This could be the first step towards the sustainable management of tree resources of interest for human food in one of the least favored zones of the world.
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Figure 1. Study area. 
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Figure 2. Example of ranking card. 
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Table 1. Attributes comprised in the program and choice levels.
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Species

	
Tree Density Action

	

	
Water and Soil Conservation

	
Seed Quality and Demonstration Action

	
Work Force






	
Adansonia digitata

	
 [image: Forests 11 00697 i001]

	
None *

	
 [image: Forests 11 00697 i002]

	
None *

	
 [image: Forests 11 00697 i003]

	
Non-selected *

	
 [image: Forests 11 00697 i004]

	
12 days/year

	
 [image: Forests 11 00697 i005]




	
Balanites aegyptiaca

	
 [image: Forests 11 00697 i006]

	
Farmer-

managed natural regeneration FMNR

	
 [image: Forests 11 00697 i007]

	
Half moon

	
 [image: Forests 11 00697 i008]

	
Selected

	
 [image: Forests 11 00697 i009]

	
18 days/year

	
 [image: Forests 11 00697 i010]




	
Boscia senegalensis

	
 [image: Forests 11 00697 i011]

	
Plantation

	
 [image: Forests 11 00697 i012]

	
Tassa/Zaï

	
 [image: Forests 11 00697 i013]

	
Bred

	
 [image: Forests 11 00697 i014]

	
24 days/year

	
 [image: Forests 11 00697 i015]




	
Ziziphus mauritiana *

	
 [image: Forests 11 00697 i016]

	

	

	
Stone bunds

	
 [image: Forests 11 00697 i017]

	

	

	
30 days/year

	
 [image: Forests 11 00697 i018]








* Reference level used for the discrete choice modeling approaches.
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Table 2. Scores of the different species cited as the first (Sp-1), second (Sp-2), third (Sp-3), or four species (Sp-4) and for the total of the sample (Sp-T), and management of the species in agroforestry systems.
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	Sp-1
	Sp-2
	Sp-3
	Sp-4
	Sp-T
	Wild
	FMNR
	Planted





	Adansonia digitata
	16
	5
	4
	3
	28
	2
	11
	24



	Balanites aegyptiaca
	3
	14
	4
	11
	32
	9
	29
	1



	Boscia senegalensis
	3
	0
	3
	5
	11
	19
	11
	0



	Ziziphus mauritiana
	6
	8
	13
	4
	31
	12
	25
	0
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Table 3. The current use of the species (X) and priority use for each species (+) in terms of number of responses.
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A. digitata

	
B. aegyptiaca

	
B. senegalensis

	
Z. mauritiana




	
X

	
+

	
X

	
+

	
X

	
+

	
X

	
+






	
Human food

	
42

	
39

	
43

	
25

	
29

	
22

	
42

	
33




	
Cattle feed

	
29

	
2

	
36

	
7

	
33

	
12

	
41

	
10




	
Wood construction

	
2

	
0

	
31

	
2

	
4

	
0

	
22

	
0




	
Firewood

	
6

	
0

	
34

	
3

	
17

	
1

	
23

	
2




	
Tools, handicrafts, musical instruments

	
4

	
0

	
29

	
5

	
2

	
0

	
10

	
0




	
Human health

	
37

	
1

	
35

	
1

	
20

	
0

	
33

	
0




	
Animal health

	
31

	
0

	
21

	
0

	
16

	
0

	
18

	
0




	
Products against the enemies of crops

	
3

	
0

	
1

	
0

	
1

	
0

	
0

	
0
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Table 4. Perception of the threats of degradation of the species (x) and the main threat (+) in terms of number of responses.
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A. digitata

	
B. aegyptiaca

	
B. senegalensis

	
Z. mauritiana




	
X

	
+

	
X

	
+

	
X

	
+

	
X

	
+






	
Land clearing

	
14

	
0

	
34

	
3

	
19

	
5

	
24

	
4




	
Fire

	
1

	
0

	
4

	
0

	
10

	
2

	
7

	
2




	
Over-grazing

	
14

	
0

	
27

	
5

	
16

	
2

	
24

	
9




	
Wood construction over-exploitation

	
8

	
1

	
28

	
8

	
11

	
1

	
23

	
7




	
Flower/fruit over-exploitation

	
21

	
13

	
21

	
9

	
19

	
7

	
18

	
4




	
Leaf over-exploitation

	
22

	
4

	
19

	
1

	
15

	
1

	
12

	
0




	
Bark over-exploitation

	
19

	
6

	
19

	
0

	
11

	
0

	
17

	
1




	
Charcoal/firewood over-exploitation

	
2

	
0

	
26

	
4

	
11

	
1

	
11

	
0




	
Root over-exploitation

	
16

	
4

	
16

	
2

	
8

	
3

	
13

	
5




	
Insects and diseases

	
22

	
3

	
17

	
1

	
16

	
1

	
18

	
3




	
Drought

	
20

	
2

	
17

	
2

	
14

	
3

	
18

	
2




	
Wind

	
13

	
3

	
11

	
2

	
13

	
2

	
13

	
1




	
Aged trees

	
17

	
0

	
15

	
0

	
10

	
1

	
14

	
1




	
Depleted soils, fertilizer influence

	
13

	
1

	
14

	
0

	
6

	
0

	
10

	
0
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Table 5. Ranking experiment results.






Table 5. Ranking experiment results.





	

	
MODEL 1

	

	

	

	

	
MODEL 2

	

	

	

	




	

	
Coefficient

	
WTW (Days/Year)

	
95% CI

	
WTP (Euros/Year)

	
Coefficient

	
SD of RPs

	
WTW (Days/Year)

	
95% CI

	
WTP (Euros/Year)






	
A. digitata

	
0.788 ***

	
14.71 ***

	
11.05

	
18.38

	
42.36

	
1.434 ***

	
1.150 ***

	
18.35 ***

	
11.85

	
24.86

	
52.84




	
B. aegyptiaca

	
−0.378 ***

	
−7.07 ***

	
−9.95

	
−4.18

	
−20.36

	
−0.766 ***

	
0.641 *

	
−7.04 **

	
−12.41

	
−1.68

	
−20.27




	
B. senegalensis

	
−0.281 ***

	
−5.26 ***

	
−8.85

	
−1.66

	
−15.15

	
−0.513 ***

	
0.835 **

	
−4.12

	
−10.92

	
2.67

	
−11.86




	
FMNR

	
0.226 ***

	
4.23 ***

	
1.82

	
6.63

	
12.18

	
0.522 ***

	
0.730 **

	
16.80 ***

	
11.12

	
22.46

	
48.38




	
Plantation

	
0.300 ***

	
5.60 ***

	
3.21

	
8.00

	
16.13

	
0.410 ***

	
0.354

	
15.51 ***

	
10.55

	
20.47

	
44.67




	
Tassa

	
0.372 ***

	
6.95 ***

	
2.44

	
11.46

	
20.01

	
0.644 **

	
0.530

	
22.19 ***

	
14.27

	
30.12

	
63.90




	
Half moon

	
−0.116

	
−2.17

	
−5.57

	
1.23

	
−6.25

	
−0.012

	
0.332

	
14.62 ***

	
8.83

	
20.40

	
42.10




	
Stone bunds

	
0.477 ***

	
8.90 ***

	
5.90

	
11.90

	
25.63

	
0.647 ***

	
0.526

	
22.22 ***

	
15.85

	
28.60

	
63.99




	
Selection

	
0.291 ***

	
5.43 ***

	
2.81

	
8.06

	
15.64

	
0.464 ***

	
0.254

	
13.38 ***

	
7.61

	
19.15

	
38.53




	
Breeding

	
0.090 *

	
1.67 *

	
−0.31

	
3.66

	
4.81

	
0.231 **

	
0.624 ***

	
10.68 **

	
5.85

	
15.53

	
30.76




	
Effort

	
0.054 ***

	

	

	

	

	
0.087 ***

	
fixed

	

	

	

	




	
No. individuals

	
47

	

	

	

	

	
47

	

	

	

	

	




	
No. observations

	
564

	

	

	

	

	
564

	

	

	

	

	




	
Log likelihood

	
−1106.055

	

	

	

	

	
−1088.7468

	

	

	

	

	




	
AIC

	
2234.1

	

	

	

	

	
2219.5

	

	

	

	

	








Notes: Significance at *** 1%, ** 5%, and * 10% level. 1 euro = OXF 655.957 (fixed exchange rate).
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