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Abstract 

As an agro-ecological intensification technique, assisted natural regeneration (ANR) protects agrosystems and 
guarantees cereal production in a Sahelian context of high demographic pressure and climate variability. This study 
aims to assess the local perception of assisted natural regeneration in mitigating the effects of drought and climate 
change and its impacts on soil fertility and crop production. Surveys, based on a participatory approach of individual 
and collective consultations, were conducted with stakeholders. The water profile and bulk density of areas under ANR 
and outside ANR were determined from soil samples taken in the rainy and dry seasons at different depths (0 - 200 cm). 
Vegetative growth and yield components were monitored on 100 plots of 100 m2 (10x10m) with 50 plots in ANR and 
50 in non-ANR areas. The results showed that both zones had the same species composition for the dominant woody 
species, but their average densities were higher in the areas under assisted natural regeneration than in the areas 
without. Density is lower in the aureoles close to the village than those far from it in any zone. Soil moisture content is 
higher in the ANR and non-ANR areas than in the non-ANR area in the shallow horizons. However, in the deep horizons 
down to 200 cm, the volume moisture is higher in the Non-NAR and Uncovered NAR zones respectively than in the 
Under-Cover NAR zone. Apart from the seedling density, all agronomic performance parameters are significantly higher 
in the RNA zone than in the non-RAN zone. In terms of farmers' perception, the practice of ANR attenuates the impacts 
on natural resources (water, land, vegetation) and on production systems. More than 92.2% of the respondents reported 
that increased dust winds, increased night time temperature, decreased rainfall events as well as their amounts in height 
are the impacts experienced before the practice of ANR. The practice of ANR contributes to the mitigation of climate 
variability, improvement of soil structure and carbon sequestration. 
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1. Introduction

The degradation of Sahelian agroecosystems is manifested by an accelerated reduction in plant cover and biodiversity, 
leading to intense water erosion and a decline in soil fertility [1, 2]. Indeed, the overexploitation of land reduces its 
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production potential and affects the living conditions of rural populations who depend mainly on rain-fed agriculture 
and pastoral resources linked to the quality of fodder for their subsistence. Despite an increase in the area sown, the 
area farmed per worker is becoming smaller and smaller, and yields are stagnating and even declining in some cases 
[3] due to the population explosion and the fragmentation of cultivable land. Similarly, the effects of climate change [4, 
5, 6] are being exerted on increasingly vulnerable populations and agroecosystems, leading them into a negative 
feedback loop under the pressure of a demographic transition that is still incomplete [7]. Indeed, the increase in human 
density and subsequent land pressure has contributed to a sharp decrease in the duration of following, which can even 
lead to its disappearance. However, the fallow system was used for a long time to mitigate soil degradation and increase 
soil fertility [8, 9]. 

In Niger, the duration of fallow has decreased globally from at least 15 years to 5 years or less between 1960 and 1985, 
with the ratio of fallow land to cultivated land decreasing from 7.1 to 2.9 [10, 11]. In semi-arid agricultural areas such 
as the southern Sahel, this development has led to a disruption of the balance of ecosystems, with the consequent 
triggering of the desertification process [12, 9, 2]. According to the [13], 75 to 250 million Africans are expected to suffer 
from water stress exacerbated by climate change and, in some countries, rainfed agricultural yields could fall by 50% 
by 2020. Like the entire Sahelo-Sudanian zone, the southern Sahelian strip of Niger has also been strongly affected by 
global changes over the past decades [14]. The agrosystems of this region suffered the most severe droughts in the 
world during the 1970s and 1980s [15, 16]. According to several climate scenarios, the area of African arid and semi-
arid lands could increase by 5-8% by 2080 [13]. The Sahelian agricultural systems, being the most vulnerable, must 
therefore be protected to mitigate the effects of climate change and their production ecologically intensified if socio-
economic activity is to be maintained in the long term while reducing food insecurity in rural areas. 

Assisted natural regeneration (ANR), as a participatory approach, has produced inspiring results and revealed the 
existence of a strong capacity of local populations to innovate and organise themselves in community activities [17]. It 
constitutes an alternative to mitigate the effects of drought and climate change. Moreover, the multifunctional vocation 
of this system allows for the diversification of income sources in rural areas. Indeed, the density of trees in agroforestry 
parks resulting from the practice of ANR ranges from 10 to 70 trees/ha and the number of trees is about 210 million in 
Niger [18] and has allowed a remarkable change in the landscape in some areas. Despite this scaling up due to interest 
in the practice, the overall role of agroforestry in combating desertification, adapting to climate change and mitigating 
greenhouse gas (GHG) emissions is not sufficiently recognized. It is in this context that the present study aims to better 
understand farmers' perception of the role of ANR in mitigating climate change and increasing vegetation cover. 

2. Material and methods 

2.1. Study area 

 

Figure 1 Location of the study area 
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Located in the south of the Maradi region, the department of Aguié lies between meridians 7°24' and 8°9' East and 
parallels 13°13' and 13°45' North (Figure 1). It covers an area of 1700 km², or 7.26% of the total area of the Maradi 
region. Figure 1 shows the location of the department of Aguié. 

2.2. Socio-economic survey 

Surveys were conducted among rural producers and resource persons to determine their perception of assisted natural 
regeneration in mitigating the effects of drought and climate change. A total of 100 farmers were sampled for the survey, 
representing a sampling rate of 15% of the total number of farm managers. After the interview sessions, visits were 
made to the farms concerned. This enabled the information collected during the interview to be compared with the 
reality in the field, and also to look for other information that was missing or not considered important by the farmers, 
and to take photographs to illustrate the situation. 

2.3. Inventory of the woody stratum 

The radial transect method was used, based on systematic sampling, in accordance with the recommendations of [19] 
for open forest formations. Thus, on each transect, plots of 2500 m² (50 m *50 m) were selected in agro-forestry systems 
and contracted formations. The method consists of placing a first plot 1 km from the village. The equidistance between 
two successive plots is 500 m along a transect (Figure 2). The plots were delimited using the right-angled triangle 
method (3. 4. 5). In each plot, all woody individuals in the area were counted exhaustively.  

For each adult individual, the following parameters were measured 

 The total height of each individual (graduated stakes)  

 The circumference of the individual (tape measure)  

 The average diameter of the crown along two perpendicular axes by simulating their vertical projections on 

the ground using a tape measure. This parameter is used to determine the overall cover of the woody plants.  

Individuals with a circumference of less than 4 cm were counted in natural regeneration. 

Fig. 2 below shows a schematic of the experimental set-up. 

 

Figure 2 Diagram of the inventory system 

2.4. Water profile monitoring 

Soil samples were taken in the rainy and dry seasons at depths of 0-50 cm, 50-100 cm, 100-150 cm and 150-200 cm 
using a specific auger (SDEC-France, EIJKELKAMP) and their wet and dry weights were determined. Thus, the soil water 
profile of the study area under RNA (uncovered and under tree cover) and outside RNA was made from the 
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determination of the weight of the wet and dry soil samples. The soil bulk density was determined from the following 
formula [20] : 

𝑑𝑎 =  𝑃
𝑉⁄  

where P is the dry weight of the sample and V is the volume taken and dried 

2.5. Yield assessment and estimation of carbon sequestration 

To determine the impact of ANR on crop production, 100 plots of 10 m x 10 m (100 m2) were set up, 50 in ANR areas 
and 50 outside ANR. The parameters concerning vegetative growth and yield components were monitored. These are 
as follows 

 Number of plots sown ; 

 Number of plots at emergence; 

 Vigour at emergence,  

 Number of bunches at harvest; 

 Number of ears at harvest; 

 Gross weight (ear weight) ; 

 Net weight (grain weight) 

Yield components were analyzed to determine the productivity of dune farms under and without assisted natural 
regeneration in the study area. The carbon sequestration potential is determined through the carbonization coefficient 
using the values of the quotients per stem size category according to the isohyets. 

𝐵𝑎 =  𝑒−1.996+2.31∗𝐼𝑛(𝐷) 

𝐵𝑎 =  𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑞𝑢𝑜𝑡𝑖𝑒𝑛𝑡𝑠 𝑎𝑐𝑐𝑜𝑟𝑑𝑖𝑛𝑔 𝑡𝑜 𝑖𝑠𝑜ℎ𝑦𝑒𝑡𝑠;  𝐼𝑛 =  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠;  𝐷 =  𝑐𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒. 

𝐹𝑜𝑟 𝑎𝑟𝑒𝑎𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 300 𝑎𝑛𝑑 500
𝑚𝑙

𝑦𝑒𝑎𝑟
, 𝑡ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑞𝑢𝑜𝑡𝑖𝑒𝑛𝑡 𝑖𝑠 0.094. 𝑇ℎ𝑢𝑠 ∶  𝑄 =  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑒𝑚𝑠 ∗ 0.5 

∗ 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑞𝑢𝑜𝑡𝑖𝑒𝑛𝑡 𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑖𝑠𝑜ℎ𝑦𝑒𝑡𝑠 (𝐵𝑎 ).  

𝑇ℎ𝑒 0.5 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑠 𝑡𝑜 𝑡ℎ𝑒 𝑐𝑎𝑟𝑏𝑜𝑛 𝑠𝑒𝑞𝑢𝑒𝑠𝑡𝑒𝑟𝑒𝑑 𝑏𝑦 1 𝑚3 𝑜𝑓 𝑤𝑜𝑜𝑑 (1 𝑚3 𝑜𝑓 𝑤𝑜𝑜𝑑 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑠 𝑡𝑜 325 𝑘𝑖𝑙𝑜𝑔𝑟𝑎𝑚𝑠). 

2.6. Data processing and analysis 

The dendrometric and survey data obtained from the different stakeholders were processed and analysed by SPSS, V1.0. 
Following the analysis of the survey data, the stakeholders' perceptions of the effects of ANR on drought mitigation and 
climate change adaptation as well as the agronomic, environmental and socio-economic impacts were determined. 

3. Results 

3.1. Characterization of the woody cover 

The average densities of the dominant woody species in the ANR and non-ANR areas of Dan Saga are presented in Table 
1. 

Although the species composition is the same, the density is always higher in the area under RNA (89.68 ft ha-1) than 
in the area outside RNA (27 ft ha-1). In general, regardless of the zone, the density is lower in the aureoles close to the 
village than those far away. 
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Table 1 Average densities of dominant woody species in RNA and non-RNA agrosystems in Dan Saga 

Context Average density of woody plants (feet ha-1) Dominant species in descending order of 
density. 

1st halo 

1 km 

2nd halo 

0.5 km 

3rd halo 

0.5 km 

Average 
density 

RNA 78 88 103 89.67 Combretum glutinosum, Piliostigma reticulatum, 
Guiera senegalensis et Faidherbia albida 

non 
RNA 

23 27 31 27 Combretum glutinosum, Piliostigma reticulatum, 
Guiera senegalensis, Faidherbia albida et Acacia 
nilotica 

3.2. Carbon sequestration potential 

 In RNA area, Q = 89.67*0.5*0.094 = 4.214 m3 *325 = 1.4 Tons/ha ; 

 In non RNA area, Q = 27*0.5*0.094 = 1.269 m3 * 325 = 0.425 Tons/ha. 

It can be seen that the amount of carbon sequestered in the area under ANR is greater than in the area without ANR. 

3.3. Water profile, water availability and soil bulk density 

 

Figure 3 Oil moisture profiles under RNA (a), outside the RNA canopy (b) and outside the RNA canopy (c) with dry 
season volume moisture in red and rainy season volume moisture in blue 



World Journal of Advanced Research and Reviews, 2023, 18(01), 1186–1196 

1191 

Fig. 3 shows the seasonal variation of soil moisture content as a function of depth and area: under ANR (under cover = 
HC ANR and under cover = SC ANR) and outside ANR. 

In the superficial horizons (first 50 cm), the soil volume moisture is higher in the SC RNA and HC RNA zones than in the 
H RNA zone. However, in the deep horizons down to 200 cm, the volume moisture is higher in the H RNA and HC RNA 
zones respectively than in the SC RNA zone (Fig. 3). 

Fig. 4 shows the variation of soil bulk density as a function of depth and according to the zone: under RNA (without 
cover = HC RNA and under cover = SC RNA) and without RNA. 

 

Figure 4 Variation of soil bulk density as a function of depth and area: under RNA (without cover = HC RNA and 
undercover = SC RNA) and without RNA 

In the 0-50cm and 150-200cm soil depth ranges, bulk density is higher in the HC RNA zone, but with higher variability, 
than in the H RNA and SC RNA zones. However, in the 50-150cm band, bulk density is higher in the SC RNA zone than 
in the other two zones. 

3.4. Agronomic performance of millet 

The comparison of the agronomic performance of millet grown in the different contexts, under RNA and Non-RNA, is 
shown in Table 2. 

Table 2 Comparison of the agronomic performance of millet grown in the different contexts, under RNA and Non-RNA, 
à Dan Saga 

  Context 

Agronomic performance parameters Non-RNA Under RNA F P-value 

Number of pits sown (NPS) 55.76 ± 4.50 56.82 ± 4.98 01.20 0.2756 

Number of bunches at emergence (NBE) 36.46 ± 10.75 47.04 ± 8.60 30.29 0.0000 

Vigour at emergence (VAE) 20.38 ± 9.06 27.92 ± 17.02 07.59 0.0070 

Number of bunches at harvest (NBH) 33.34 ± 9.20 49.08 ± 6.91 95.77 0.0000 

Number of ears at harvest (NEH) 134.36 ± 71.35 217.98 ± 91.16 26.60 0.0000 

Gross weight of the ear (GWE) 70.5 ± 31.90 114.34 ± 17.88 74.73 0.0000 

Net seed weigh (NSW)  24.28 ± 11.50 42.18 ± 11.64 57.21 0.0000 
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Table 2 shows that the variation in germination rate is much higher in the plots under RNA (82.78%) than in those 
without RNA (65.38%). 

3.5. Farmers' perception of climate variability 

3.5.1. Drought & Climate Change before the adoption of ANR 

Fig. 7 presents the results on farmers' perception of drought and climate change before the practice of ANR. 

 

Figure 5 Farmers' perceptions of the effects of climate change in the study area 

More than 92% of the respondents reported an increase in dusty winds, night temperatures, a decrease in the frequency 
of rainfall and its low quantity before the practice of ANR. Similarly, more than half of the respondents (60-76%) 
reported irregularity at the start of the rainy season (late and early) and a mismatch between the crop cycle and the 
length of the rainy season. 

3.5.2. Impacts of climate variability experienced by Populations 

Fig. 6 shows the main impacts of climate variability experienced by the populations. 

 

Figure 6 Impacts of climate variability experienced by Populations 
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The majority of respondents (91.1%) reported the absence of fallow land, a decrease in agricultural yields, and, 
consequently, an increase in the area sown to crops, as the main impacts of climate variability. A fairly large proportion 
of respondents (78.9 to 88.9%) cited impacts related to the reduction in woody cover, the reduction in water resources 
with the disappearance of ponds, and, consequently, a drop in the piezometric level of the water table. Finally, 53.3% 
indicated that the impact of climate variability was the strong degradation and decline in soil fertility. 

3.6. Endogenous adaptation strategies implemented 

A distinction is made between adaptations initiated by local people and those initiated by projects and other partners. 
The populations make efforts of their own accord by taking initiatives to adapt to climate change. They accompany the 
projects and make significant efforts to adapt agriculture, livestock and natural resources (Table 3). Irrigation is also an 
excellent means when rainy seasons become more unpredictable and less frequent due to climate change, according to 
the 64% of respondents in some localities who resort to market gardening. 

Table 3 Adaptation measures initiated at local level 

Domains  Structures for implementing the initiatives 

Communities/population State & technical and financial partners 

A
gr

ic
u

lt
u

re
 

Use of short-cycle varieties,  

Purchase of new fields ; Irrigated crops 

Use of organic and chemical fertilizers Agroforestry ; 

  Input banks and credit systems ; 

  Cash transfer. 

B
re

ed
in

g 

Feed supplements Pastoral boreholes 

Introduction of breeds and mixed breeding Pastoral boreholes et 

  zootechnical inputs; 

  Limiting animal passage corridors. 

N
at

u
ra

l r
es

o
u

rc
es

 Agroforestry ;  ESC /DRS; 

Preservation of biodiversity 

RNA  

Afforestation and reforestation; 

  Agroforestry. 

  Introductions of exotic species 

4. Discussion  

The results of this study allowed us to understand the farmers' perception of the role of assisted natural regeneration 
in mitigating the effects of drought and the strategies for adaptation to climate change. They also allowed us to 
determine the impacts of the practice of ANR on the diversity and density of woody species and to characterise the 
functional and agronomic impacts of trees in the village of Dan Saga. 

The potential benefits of agroforestry practices compared to the situation without the practice are diverse and can be 
grouped under the term ecosystem services. Indeed, increased crop production, contribution to food security, increased 
earnings, economic efficiency, erosion control, increased landscape biodiversity, reduced greenhouse gas emissions, 
and reduced household vulnerability are some of the benefits identified from good agroforestry practices that can 
reduce vulnerability and strengthen resilience to climate shocks, thereby contributing to GHG mitigation. According to 
[21], woody plants in agroforestry systems are not only chosen because they provide wood but also because they have 
a positive and sustainable effect on the environment, helping to maintain soil fertility by reducing the force of the wind, 
creating micro-climates favourable to crops and improving the carrying capacity of the herds. The added value made on 
the sale of wood and non-wood products is difficult to estimate and varies according to the practices, periods, and places 
where they are sold [21]. 
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The products of ANR occupy an important place in consumption. The greatest wealth of these products is in the 
nutrients they can provide to people in critical times [22]. Non-timber forest products (NTFPs) are often seen as 
excellent resources for reducing the risks of vulnerability within the household, primarily because of the multiple 
services they can provide. For example, they can provide good food resources when agriculture is doing more or less 
well [23], and the sale of products can also lead to a reduction in household risk as the income can help to meet the 
primary needs that families are exposed to [24]. 

In addition, all the agronomic benefits of trees promote crop stability [25] and the economic benefits enable the 
vulnerable population to meet their food needs and especially to cover the lean season. The marketing of non-timber 
agricultural products (NTAPs) is one of the factors that determine whether farmers maintain traditional agroforestry 
practices or adopt good agroforestry practices [26]. The practice of ANR in the Dan Saga area has not improved the 
diversity of woody plants. However, the practice simply resulted in an increase in the density of woody species. These 
results are consistent with those of [27] who reported low diversity with very high densities of multiple-use woody 
species in the Dan Saga terroir. Indeed, agroforestry is an age-old practice in sub-Saharan Africa consisting of associating 
woody species with crops. However, woody species are chosen according to their usefulness (fertilizing, non-
competitive, emergency food for humans and animals, etc.). ANR remains an agroforestry practice based on the choice 
of woody species and the improvement of the conditions for the development and growth of these recruits leading to 
"revegetation" based on an increase in density. Nevertheless, this increase in woody density would lead to an 
improvement in wildlife habitat and diversity. Grouzis & Akpo, (2006) [28] demonstrated that in semi-arid Sahelian 
zones, trees influence the floristic composition of the herbaceous stratum, favor the phenology, productivity and quality 
of spontaneous or cultivated herbaceous vegetation due to the improvement of edapho-climatic conditions under shade. 
Furthermore, numerous studies [29] have also shown a strong similarity between the microbial and fungal flora of 
undisturbed ecosystems and those of agroforestry systems. Our results suggest that the practice of ANR, by increasing 
the density of woody species, improves both the floristic composition of herbaceous plants and soil microorganisms. 
With regard to soil structure, our results did not indicate a significant improvement, as the bulk densities determined 
remained within the range of values known for sandy soils (1.0 to 1.6 g.cm-3) [20]. On the other hand, the practice of 
ANR improved soil water availability in the superficial horizons that are favorable to the crop. Indeed, our results 
suggest that the density of trees in the fields, through the shading effect and the reduction of wind speed, would have 
allowed the reduction of evapotranspiration which is very important in this region (~2000mm/year) [30]. More 
generally, it has been reported that because the practice of ANR attenuates the desiccating effect of air, it favors seedling 
survival [18]. 

5. Conclusion 

ANR, which is a practical part of the concept of sustainable development, is proving to be a concrete tool for enhancing 
the multifunctionality of agriculture. This versatility contributes to the growing interest of economic development 
actors in agroforestry practices, which are integrated into various planning and development projects. In light of the 
results of this study, it is clear that several practices are already being developed by both producers and technical 
development partners to reduce vulnerability and strengthen the resilience of the population. However, many of these 
practices are little known or poorly known by development actors in Niger. Other practices require the implementation 
of a consistent policy at the national or sub-regional level. These include FMAFS practices, where the investment cost of 
an operating unit requires not only a significant financial contribution but also trained and competent staff. Niger's 
future environment will have to be based on agroforestry in order to guarantee the dual objective of livelihoods and 
environmental sustainability. 
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