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I. INTRODUCTION 

The concept of Ecosystem Services (ES) emerged in the 

1970s at the interface of ecological and economic 

approaches. It acquires international importance at the 

summit of the Millennium Ecosystem Assessment [26], 

where it is perceived as all the benefits that people derive 

from the ecosystem. This definition emphasizes on the 

capacity of natural processes and components to provide 

goods and services to humans [12]. However, this vision is 

based on a plea in favor of the conservation of nature since 

it places human being at the heart of the natural systems 

from which he benefits through an environmentally sound 

and sustainable management of ecosystems. However, 

knowledge about the interactions between ecosystem 

services and human well-being is insufficiently known [7]. 

It is from this perspective that [8] proposed a monetary 

valuation system for ecosystem services based on 

landscapes, ecosystems and biomes. 

But for the particular case of the Sahel, despite the re-

greening observed in certain areas by many authors such as 

[31], [4], [20], [28], [23], the evaluation of the services 

provided by this positive change is still to be assessed. Most 

of the studies that are interested in this topic were very often 

limited to a characterization of the vegetation cover or a 

rather fragmentary analysis of the socioeconomic impacts of 

the natural resources. Therefore, it will be interesting to 

address some relevant questions in order to get a deep 

understanding of the recent regreening process that is 

occurring in some anthropized areas of Sahel zones. How 

important are these services in terms of supply and 

regulation that can justify the large-scale adoption of best 

Sustainable Land Management (SLM) practices which 

explain the regreening process? Is there a relationship 

between the availability of agroforestry resources and the 

various usages to which they are subject? Faced with these 

questions, the main objectives of this study are first to assess 

the importance of supply and regulatory ecosystem services 

provided by the re-greened landscape in the Sahel and 

secondarily to identify the adequacy that exists between the 

ecological supply of species and the socioeconomic needs of 

the local inhabitants. 

 

II. PROCEDURE FOR PAPER SUBMISSION 

A. Study Sites 

Two villages’ clusters were chosen to conduct this study. 

These are the Dan Saga cluster located in the department of 

Aguié in south-central Niger (Fig. 1) and the Tabofatt 

cluster located in the Keita department, Ader Doutchi 

Maggia (Fig. 2). The two clusters are both distinguished by 

their high population density of over 100 inhabitants per 

km2. Studies using remote sensing and Geographic and 

Informative System (GIS) technics have proven that the two 
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zone are undergone a recent changing of woody vegetation 

cover. The driver factor of this change depends of the local 

soil and climate conditions. At Dan Saga cluster with sandy 

plateau, people use Assisted Tree Natural Regeneration 

(ATNR) that has favored a return of woody cover [30], [27], 

[18]. In the case of the Tabofatt cluster with stony contrasted 

plateau, people use planting trees of the genus acacia 

coupled with water and soil erosion control practices that 

result in to revegetate the landscape [30], [1].  

 
Fig. 1. Location map of study areas Dan Saga. 

 
Fig. 2. Location map of study areas Tabofatt. 

B. Collection of Data  

Two types of data were used to identify the importance of 

ecosystem services from regreened landscapes in the two 

clusters. The first data come from an ethnobotanical survey. 

They aim to collect the people perception on socioeconomic 

importance of woody species located in agroforestry parks. 

For this purpose, questionnaires for unstructured focus 

group interviews and individual questionnaires were 

designed using Sphynx V5++ software. These 

questionnaires focus on aspects relating on the usage of 

woody species. The categories of usages for the range of 

supply services selected are: human food and fodder, timber 

and energy supply, and medicinal uses. These surveys were 

conducted during the month of August 2018 in the two 

clusters. They involved six groups and 100 people at the 

Dan Saga cluster and 5 groups and 100 people at the 

Tabofatt cluster. The choice of individual interviewed was 

made using simple random sampling with a 10% margin of 

error. Group surveys aim at consolidating and validating the 

information collected in individual surveys. 

The second set of data comes from an inventory of woody 

plants in agroforestry parks. It aims to determine the 

ecological characteristics of the woody vegetation that 

should allow understanding of the importance of certain 

regulatory services. The inventory was made on radiary 

transects in plots of 50 m × 50 m arranged along the 

transects with an equidistance of 200 m. It consisted of 

counting and dendrometric measurements of all woody 

individuals located inside the plots. A total of 85 and 45 

inventory plots were inventoried respectively at the Dan 

Saga cluster and the Tabofatt cluster. The denomination of 

the species was carried out with reference to [2] and [33]. 

The ecological parameters from these inventories were used 

to establish the importance of regulatory services, in 

particular: the improving role of woody species on soil 

fertility, the potential for carbon sequestration and the 

enhancement of biodiversity.  

C. Data Analysis 

Assessment of supply services 

Perception survey data on the uses of woody species in 

agroforestry parks served as the basis for the analysis to 

show the importance of provisioning services. Thus, the 

Consensual Informative Factor (CIF) index was calculated 

for food, feed, technological usage, energy and medicinal 

uses. This index is calculated using (1) [15]. 

 

𝐶𝐼𝐹 =
𝑁𝑢𝑟−𝑁𝑡

𝑁𝑢𝑟−1
      (1) 

 

In (1), Nur is the number of times a use category was 

mentioned and Nt is the number of species mentioned for 

that category. It has the advantage of homogenizing 

botanical information. 

The existence of homogeneous use-species groupings was 

made through Multiple Correspondence Analysis using the 

XLSAT software. The projection of the analysis results on 

two factorial plans provides a best visualization of the 

relationship species-usage. 

D. Assessment of Regulatory Services 

Our study has focused on three specific regulatory 

services such as carbon sequestration potential, tree impact 

on soil improving and biodiversity. For that purpose, (2) and 

(3) allometric regressions are performed in order to estimate 
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the above-ground biomass and the below-ground biomass, 

which allowed carbon woody vegetation compartment stock 

sequestered assessment. 

The above-ground biomass (AB) is derived from the 

values of the diameter at the base of the trunk woody 

individual tree woody (D) and is obtained by the formula of 

(2) [24]. 

 

𝐴𝐵(𝑘𝑔) = 1,929 ∗ 𝐷 + 0,116 ∗ 𝐷2 + 0,013 ∗ 𝐷3 (2) 

 

Below ground biomass (BB) is related to above ground 

biomass by (3) proposed by [6]. 

 

𝐵𝐵 = 𝑒(−1,0587+0,8836∗𝑙𝑛𝐴𝐵)   (3) 

 

The factor of 0.47 was applied to the total biomass to 

derive the dry biomass [17]. The calculation of the 

sequestered carbon stock is obtained by multiplying the dry 

biomass by a biomass expansion and conversion factor 

equivalent to 0.5 [22]. The conversion of the amount of 

carbon to the of CO2 amount equivalent was done by 

multiplying the carbon by affecting the factor of 3.67 which 

is the ratio of molecular masses M (CO2) / M (C). In this 

analysis, the level of uncertainty on the results was assessed 

by determining the percentage error based on the protocol 

proposed by [25]. 

The quantitative estimate of soil fertility potential is 

assessed through the importance of indicator species of soil 

fertility calculated on the basis of the results of the 

inventory. The ecological importance of a species is 

measured by the Significance Value Index (4). 

 

SVI = Relative dominance + Relative density +  

Relative frequency     (4) 

 

The enhancement of phytodiversity in the landscape is 

demonstrated using the Shannon-Weaver diversity index (5), 

the Pielou equity index (6) and the total number of species 

in the landscape. 
 

𝐻′ = − ∑ 𝑃𝑖 ∗𝑛
𝑖=1 𝑙𝑜𝑔2𝑃𝑖.    (5) 

 

𝐸𝑞 =
𝐻

𝑙𝑜𝑔2𝑆
     (6) 

 

Here, Pi denotes the absolute frequency of species i and n 

is the total number of individuals. S is the total number of 

species. 

If this H’ is low, the environment is considered to be poor 

in species. On the other hand, if this index is high, the 

environment then conceals a significant specific diversity 

[34]. The Eq index provides information on the regularity of 

the distribution of species in an environment. 

Demonstration of the links between the socioeconomic 

importance of agroforestry resources and the current state of 

the population 

A correlative analysis was applied on the values of the 

Significance Value Index (SVI) and the Cultural Importance 

Index (CI). This analysis aims to highlight the link between 

ecological supply and socioeconomic demand expressed by 

the various uses of woody species. The values of the CI 

index were calculated using (7) proposed by [32]. 

 

𝐶𝐼 =  ∑ ∑
𝑈𝑅𝑢𝑖

𝑁

𝑖𝑛
𝑖=1

𝑢𝑁𝐶
𝑢=𝑢1

    (7) 

 

In (7), u designates a category of use, NC the total number 

of categories of use, N is the total number of informants and 

UR represents the number of respondents mentioning a 

particular category use of the species i. 
 

III. RESULTS  

A. Procurement Services 

Within the meaning of the nomenclature proposed by the 

Millennium Summit on Ecosystem Services in 2015, supply 

services relate to the contribution of the restored landscape 

to food and fodder security, traditional pharmacopoeia and 

uses for technological and energetic purposes. A total of 43 

and 34 species are used for various purposes respectively in 

Dan Saga and the Tabofatt cluster. The importance of a use 

category is highlighted through the number of species 

assigned to this use and the value of the corresponding 

integrating consensus factor (Table 1). All the five (5) 

utilizations recorded a high CIF value close to 1. However, 

the medicinal usage gets the greatest number of species 

affected with 40 and 20 species respectively in Dan Saga 

and Tabofatt. Feeding and energy uses occupy a remarkable 

place in the two clusters. In contrast, technological usage 

employs a limited number of species in both clusters. 

B. Species-uses Grouping 

The two factorial designs F1 and F2 of the Multiple 

Correspondence Analysis on the species-usages matrix total 

a contribution of 52.10% in the explanation of the groupings 

obtained in the case of the Dan Saga cluster (Fig. 3). These 

two plans define four groups. The first GI group of species 

for forage and energy uses, the most characteristic species of 

which are: Faidherbia albida, Piliostigma reticulatum, 

Commiphora africana, Guiera senegalensis and 

Dichrostachys cinerea. The second GII group of species for 

food includes Ziziphus mauritiana, Tamarindus indica, 

Vitex doniana, Dyospiros mespiliformis and Lannea 

fruticosa. Group GIII of species for technological use 

includes some flagship species such as Combretum 

nigricans, Acacia senegal, Acacia seyal, Azadirachta indica 

and Anogeissus leiocarpus. The GIV group of species for 

medicinal use includes several species, the most important 

of which are Securidaca longepedonculata, Acacia nilotica, 

Boswelia odorata, Ximenia americana and Maerua 

angolensis. 

 

TABLE 1: NUMBER OF SPECIES USED AND VALUE OF THE CONSENSUAL INFORMATIVE FACTOR (CIF) FOR FOUR CATEGORIES OF TREE WOODY SPECIES 

USES IN THE DAN SAGA AND TABOFATT CLUSTER 
 Dan Saga Tabofatt 

Usage Food Fourrage Techno Energ Medi Food Fourrage Techno Energ Medi 

Nbre Sp affect 22 18 13 16 40 16 11 14 17 20 

FCI 0,78 0,82 0,87 0,84 0,60 0,84 0,89 0,86 0,83 0,80 

Legend: Nbre Sp affect: Number of species affected, Techno: Technological use, Energ: Energy use, Medi: Medicinal use. 
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Fig. 3. Multiple Corresponding Analysis Species-Usages Results case of 

Dan Saga cluster. 

 

In Tabofatt cluster the two factorial designs F1 and F2 

cumulate 48.21% of contribution in the constitution of the 

groups (Fig. 4). On the basis of these factorial plans, three 

(3) groups emerge. The first group G1 of species for forage 

and energy use is characterized by species such as Bauhunia 

rufescens, Guiera senegalensis, Piliostigma reticulatum, 

Faidherbia albida and Combretum glutinosum. The second 

group G2 of species for medicinal and technological use 

includes Azadirachta indica, Combretum nigricans, 

Combretum micranthum, Prosopis juliflora and Salvadora 

persica. Of the third group G3 of species for specific food 

use, the main species such as Tamarindus indica, Adansonia 

digitata, Moringa oleifera and Leptadenia pyrotechnica 

have been cited. 

 

 
Fig. 4. Multiple Corresponding Analysis Species-Usages Results case of 

Tabofatt cluster. 

 

C. Regulatory Services 

The ecological restoration of landscapes is also supported 

by the provision of several regulatory services provided by 

the wood cover. This study identified three types of 

regulatory services. These are the role of improving soil 

fertility, carbon sequestering and strengthening of 

biodiversity species in the restored landscapes. 

The improving role of soil fertility is generally detectable 

by the presence of certain tree species indicator. Based on 

the inventory data, several species have been identified that 

are indicative of soil fertility. The importance of each of 

these species is highlighted through their Significance Value 

Index. 

Some indicator species for soil fertility are common to 

both sites (Table 2). This is the case with Faidherbia albida 

and Acacia senegal. Other species are on the other hand 

specific as for example Cassia singueana with SVI = 6.83% 

in Dan Saga cluster and the species Acacia seyal with SVI = 

28.05% in Tabofatt cluster. In addition, we noted that the 

amount of tree indicator species of rich soils is much more 

important in the landscape of the Tabofatt cluster than are 

those in the landscape of the Dan Saga cluster. 

 
TABLE 2: SIGNIFICANCE VALUE INDEX OF SPECIES INDICATOR OF SOILS 

FERTILITY 

Dan Saga Tabofatt 

Tree species SVI (%) Tree species SVI (%) 

Faidherbia albida 17,35 Faidherbia albida 15,57 

Acacia senegal 0,82 Acacia senegal 15,01 

Piliostigma 

reticulatum 
0,10 Acacia seyal 28,05 

Cassia singueana 6,83 Acacia ehrenbergiana 21,55 

Dichrostachys 

cinerea 
0,40 Piliostigma reticulatum 17,49 

Albizzia chevalieri 4,40 Salvadora persica 11,65 

Legend: SVI: Significance Value Index. 

 

Landscapes re-greened by sustainable land management 

actions have an attenuating effect on climate change and 

variability. This study emphasized on the woody component 

to highlight the potential for carbon sequestration in the 

landscape of the two clusters (Table 3). 

 
TABLE 3: CARBON SEQUESTRATION PARAMETERS VALUES RESULTS IN 

DAN SAGA AND TABOFATT CLUSTERS 

Cluster AB (tC/ha) BB (tC/ha) CQ (tC/ha) 
CO2Q 

(tCO2/ha) 
Error (%) 

Dan Saga 5,760,061 1,240,004 1,650,065 6,040,236 2,09 

Tabofatt 4,110,146 1,210,009 1,250,155 4,590,568 5,47 

Legend: t: tone unit, AB: Above ground Biomass, BB: Below ground 

Biomass, CQ: Carbon Quantity, CO2Q: CO2 Quantity. 

 

This potential is significantly greater in Dan Saga 

landscape (6.04 0.236 tone CO2/ha) compared to the case 

of Tabofatt with 4.59 0.568 tone of CO2/ha. In both cases, 

the uncertainty of the results is below the threshold value of 

10%. 

The actions undertaken in the sustainable management of 

the land resulted in an improvement of tree woody species 

biodiversity in the two study sites (Table 4). 
 

TABLE 4: VALUES OF BIODIVERSITY PARAMETERS IN THE TWO VILLAGES 

CLUSTERS 

Cluster H’ (bits) Hmax (bits) Eq S 

Dan Saga 3,69 5,55 0,67 47 

Tabofatt 2,91 4,52 0,64 23 

Legend: H’: Shannon-Weaver Index, Hmax: Shannon-Weaver Index 

Maximum value, Eq: Pielou Index, S: Total number of tree woody species. 
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Quite high values were recorded on all  diversity 

indexes. In addition, the diversity of woody species is 

significantly higher at the landscape of Dan Saga cluster 

compared to that of Tabofatt cluster. The results show S=43 

species and H’=3.69 bits at Dan Saga versus S=23 species 

and H’=2.91 bits at Tabofatt. The distribution of these 

species is relatively regular with a Pielou index value of 

0.67 in Dan Saga and 0.64 in Tabofatt. 

D. Relationship between the Importance of Agroforestry 

Species and Their Specific Uses 

After this characterization of certain aspects relating to 

the supply and regulation services provided by the restored 

landscapes in the two clusters, it is appropriate to wonder 

about the ecological capacity of the landscape to respond to 

the various requests for these services expressed by the local 

inhabitants. In this sense, the cultural importance index of 

each species cited during the survey and the significance 

value index calculated on the basis of the inventory results 

have shown the link between the socioeconomic place of 

each agroforestry tree species and its relative abundance on 

the field. 

The results of the t test mean comparison show that for 

the two parameters the difference in means is negative 

(Table 5). But the difference is not significant at the alpha 

threshold = 0.05. The risk of rejection of H0 is however 

higher for SVI values compared to the CI index value (28.05% 

against 8.91%). This result suggested a correlative analysis 

of the interdependence to clearly highlight the relationship 

between these two parameters. 
 

TABLE 5: T DIFFERENCE AVERAGE TEST RESULT APPLIED ON 

SIGNIFICANCE VALUE INDEX (SVI) AND CULTURAL IMPORTANCE INDEX 

(CI) BETWEEN DAN SAGA AND TABOFATT CASES 

Parameters IVI CI 

Difference -2,56 -0,05 

t (Observed value) -1,09 -1,72 

|t| (Critic value) 1,99 1,99 

p-value 0,28 0,09 

Threshold 0,05 0,05 

Percentage of risk to reject H0 28,05% 8,91% 

 

The average of SVI is significantly higher with 5.77  

1.65% in the Dan Saga cluster and 8.33  0.68% in the case 

of Tabofatt cluster (Table 6).  
 

TABLE 6: CORRELATION ANALYSIS RESULT BETWEEN SIGNIFICANCE 

VALUE INDEX (SVI) AND CULTURAL IMPORTANCE INDEX (CI) IN DAN 

SAGA AND TABOFATT CLUSTERS 

Index Dan Saga Tabofatt 

 Mean value R Mean value R 

SVI 5,771.65 0.61 8,330.68 0.60 

CI 0,120.13 0.61 0,170.15 0.60 

Legend: R: Correlation ratio of Pearson. 

 

But it is interesting to see through these results that the 

level of correlation between socioeconomic demand and 

ecological supply is clearly greater than 0.50 in both. It is 

0.61 at the Dan Saga cluster level and 0.60 at the Tabofatt 

cluster level. 

IV. DISCUSSION 

A. Procurement Services 

This study showed that woody species tree occupy a 

preponderant place through food, forage, technological, 

energy and medicinal uses in the two clusters. This is 

expressed by the relatively high values of the Consensual 

Informative factor on the categories of uses. The rural 

populations of the restored landscapes are therefore 

unanimous on the importance of tree resources which they 

exploit for various purposes. In addition, the allocation of a 

species to a use depends on the location. Three groups of 

dual-use species were recorded at Tabofatt cluster and in 

contrast four of such groups at the Dan Saga cluster. 

However, the species-use relationships recorded by this 

study at the Dan Saga cluster are in accordance with those 

reported in the work of [4] in the same site. This reinforces 

the preponderant place of natural resources in rural areas. As 

an illustration, the [11] indicated that in Burkina Faso more 

than 80% of the population uses non-timber forest products. 

In Niger [27] evoked the important role of the Combretum 

micranthum species in the traditional pharmacopoeia in 

Tahoua region where the Tabofatt cluster is located. In the 

same region [3] identified 49 tree woody species available in 

rural markets that are endowed with medicinal properties. In 

the more humid south-eastern Niger, [9] identified 37 and 

34 tree woody species used respectively for food and fodder 

purposes. 

B. Regulatory Services 

The regulation services offered by the woody component 

of restored landscapes can be seen from several angles. This 

role is ensured through soil stabilization by the roots, 

improvement of the organo-mineral and water status of 

soils. This study highlighted the importance of species 

belonging to the legume family recognized for their 

fertilizing role and are well represented in both landscapes. 

It shows a strong presence of these species expressed by 

their SVI value in both landscapes. In the Tabofatt cluster 

the importance of leguminous species is much higher 

compared to those of the Dan Saga cluster. This clear 

disparity in the vegetation facies between the two sites was 

confirmed with the results obtained by [27] and [13]. The 

two authors have studied the characterization of woody 

vegetation respectively in Dan Saga terroir and the 

Bagaroua zone (located in the same agroecological context 

as the Tabofatt cluster) in Niger. Even the species of other 

plant families such as the combretaceae, for example, 

contribute in strengthening the organic stock of the soils. In 

the Niger River terrace area, [16] reported that Balanites 

aegyptiaca improves significantly the organo-mineral status 

of soils under the crown compared to the part outside the 

crown. 

In addition, this study has shown that the two landscapes 

restored through sustainable land management strongly 

contribute to the storage of atmospheric carbon. The 

sequestration potential is 6.04 and 4.59 tone of CO2.ha-1 

respectively at Dan Saga cluster and at Tabofatt. The 

widespread practice of ATNR, which significantly increases 

the density of tree woody in the landscape, explains the high 

potential for carbon sequestration. On the other hand, at 

Tabofatt cluster, the density of the woody cover depends on 
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the actions of tree woody planting coupled with mechanical 

erosion control practices. At Dan Saga, 5.760.06 and 

1.240.004 tone of C.ha-1 respectively were recorded for 

above-ground and below-ground biomass. Using the integral 

cut method, [29] had obtained on an agroforestry site in 

Burkina Faso a slightly lower quantity of carbon of 2.53.28 

and 0.350.42 tone of C.ha-1 respectively on the above-

ground biomass and the hypogeal biomass. According to the 

amount of CO2, the results of this study are close to those 

obtained by [10] who estimated the carbon stock of an 

agroforestry park in Senegal at 8.81 tone CO2 ha-1. 

Our study showed that the floral procession of two 

landscapes conceals a high diversity (5.5 bit in Dan Saga 

and 4.39 bit in Tabofatt). The specific richness of the 

terroirs is 47 species in Dan Saga and 21 species in Tabofatt. 

[27] had counted 37 species in Dan Saga landscape. This 

suggests that within two years the species richness has 

increased by ten new species. The sustained and widespread 

efforts of assisted tree natural regeneration (ATNR) practice 

may justify this marked improvement. The low specific 

richness of the Tabofatt cluster compared to that of Dan 

Saga could be related not only to the difference in land 

management practices used and probably to the difference in 

soil substrate and especially SLM practices types. 

C. Link between the Socioeconomic Importance of 

Species and Ecological Importance 

The statistical test applied to the CI and SVI parameters 

attests that there is no significant difference in the means 

between the two clusters. This means that part of the 

services provided by the agroforestry resources of these two 

landscapes is substantially similar. In addition, there is no 

great inter-cluster disparity in the importance of the species 

requested for these services. Social needs of tree resource 

services are quite related to the status of woody species in 

the landscape. In the same sense, [18] underline that the 

practice of ATNR promote a clear satisfaction in the need 

for wood for all types of use expressed by the population. 

[21] Indicated that the income generated by this practice is 

around 200,000 CFA francs (400 US$) per household. 

According to [5] Agroforestry practices support the 

productive base of lands in arid and semi-arid zones. 

 

V. CONCLUSION 

The re-greening dynamics observed in certain areas of the 

Sahel required an update on the ecosystem services 

produced at the landscape. In keeping with this perspective, 

the objective assigned to this study was to assess the 

importance of supply and regulation services generated by 

agroforestry resources in such re-greened zones. The results 

showed that a diverse range of woody species are employed 

in meeting dietary, forage, technological, energetic and 

medicinal needs. There are much more marked use-species 

relationships at the Dan Saga cluster compared to the 

Tabofatt cluster. In both cases, the species requested for the 

various uses are relatively important in the landscape. 

Besides improving the soil, the biodiversity of tree woody 

species of these two landscapes contributes to the mitigation 

of climate change. These results suggest that it is important 

to orient regreening scaling approaches towards favoring 

multiple-use species. This is possible through the promotion 

of the widespread utilization of assisted tree natural 

regeneration practice, coupled with other forms of 

vegetative reproduction. This approach should be centered 

on the most useful tree species. It is therefore important to 

focus the regreening action on the basis of rural people 

needs of energy, traditional medicine, food and forage.  
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