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ABSTRACT: Assisted Natural Regeneration (RNA) is one of practices that small farmers adopted to restore vegetation cover and 

improve land productivity in cultivated areas in Niger. The present study, conducted in the main cultivation areas in Niger, aims 
to assess the effects of RNA trees on soil physicochemical characteristics of cultivated tropical ferruginous soil in order to assess 
their fertility. Composite soil samples were collected at 0-20 cm deep under and outside trees crowns of Piliostigma 
reticulatum, Combretum glutinosum and Sclerocarya birrea respectvily to determine physicochemical characteristics i.e soil 
particle size composition, pH, CEC, organic matter contents, assimilable phosphorus. The results showed that trees have no 
influence on particle size composition because there are no significant differences between area under crown and area outside 
crown on granulometric composition under all species. However, the presence of these trees (Piliostigma reticulatum, 
Combretum glutinosum and Sclerocarya birrea) significantly improves chemical soil fertility. Indeed, organic matter content 
was 26, 3.8 and 4.2 times higher respectively under crown of P. reticulatum, C. glutinosum and S. birrea than that outside 
crown of these species. Moreover, available phosphorus content, often very low in cultivated tropical ferruginous soils in Niger, 
was 2.5, 1.2 and 2.1 times higher in soil under crown than soil outside without crown of P. reticulatum, C. glutinosum and S. 
birrea respectively. Thus, RNA practice improves soil chemical fertility of cultivated tropical ferriginous soils through input 
organic matter and nutrients by biomass plant. However, further studies can be performed to determine effects of RNA 
ligneous plants on soil hydrostructural properties. 
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1. INTRODUCTION 

In Sub-Saharan Africa, 95% of cultivated land is under rainfed agriculture, and an estimated 41% of the region’s population 
lives in drought-prone dry lands [1]. In addition to the scarcity and unreliability of annual rainfall, the loss of rainwater through 
non-productive pathways also seriously limits rainfed agriculture in Sub-Saharan Africa [2]. Accordingly, more than 50% of the 
rainfall in dryland cropping systems may be lost non-productively. In Niger, small-scale farmers constitute the majority of 
agricultural food producers for whom rainfed agriculture is the mainstay. In Niger, soil degradation and irregular rainfall are 
the main constraints of the majority of agricultural areas leading to chronic food insecurity of population. In addition, 
demographic pressure on natural resources in this region accelerates the degradation of vegetation cover and lower soil 
fertility [3], [4], [5]. The consequences of this situation are the deterioration of agro-ecosystems and the low land agricultural 
productivity; thus leading to near-chronic food insecurity of population, particularly in rural zones [6]. The problem of low 
agricultural productivity is exaggerated by low input use and harsh climatic conditions. Thus, innovative low input technologies 
that concurrently replenish soil nutrients and organic matter as well as improving soil water availability can significantly 
increase crop production and reduce acute food shortages [7]. This situation prompted small-farmers to adopt and/or develop 
several strategies such as use of agroforestry practices [8], [9]. Indeed, in cultivated regions of Niger, in particular Maradi, 
Zinder, Tahoua, Dosso and Tillabéri, small-farmers protected and maintained trees in cultivated land. This practice, called 
Assisted Natural Regeneration (RNA), increased woody plants density in cultivated land with 60 to 150 individuals per hectare 
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according to [10], [11] and [12]. Several studies showed interest of this RNA practice in restoring ecosystems and increasing 
soil fertility [13], [8], [14], increasing agricultural production [15], [16] and improve population living conditions [17]. Recently, 
similar studies have been conducted in Niger to assess woody species effect, especially in tuft form, on soil fertility and 
agricultural production [18], [19], [20]. However, these effects may change according to soil climate context, type and form of 
woody species. The objective of this study is to evaluate impacts of RNA ligneous trees species on physicochemical 
characteristics of cultivated tropical ferruginous soils in different agricultural zones in Niger. The aim is to assess fertility of 
cultivated tropical ferruginous soils under RNA trees influence. 

2. MATERIAL AND METHOD 

2.1. STUDY ZONES 

The study was performed in five agricultural regions of Niger (Maradi, Zinder, Tahoua, Dosso and Tillabéri) (Figure 1) located 
between 300 and 800 mm isohyets in agricultural zone of Niger. The soil in their region is dominated by tropical ferruginous 
soils with two main particle size composition class: [21]: 

• sandy-textured soil to sandy-loamy-textured soil which are very thicker and characterized by relatively high water 
storage capacity due to their great thickness. This soil is locally called “Jigawa”; 

• sandy-clay-textured soil relatively more fertile than the previous soil one but often compact, difficult to work and 
marked by significant runoff. This is called "Guéza". 

In general, soils in study regions are characterized by acidic pH, low organic matter content (less than 1%), severe 
phosphorus deficiency and low cation exchange capacity (CEC). 

 

Fig. 1. Location of study sites 
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2.2. PLANT MATERIAL 

The study was conducted in the fields of RNA practice. Three types of ligneous species were selected, namely Piliostigma 
reticulatum, Sclerocarya birrea and Combretum glutinosum. The criteria for choosing these species are essentially based on 
the local dominance of the species, plant age and economic interest of this species for local population. The age of chosen 
plant for each species was estimated between 5 and 7 years. 

• Piliostigma reticulatum in tree form (Figure 2c), has a rounded bole, rarely straight and a rounded, bushy crown, and is 
about 8-9 m tall which can reach 10 m on fertile soils. It often retains a bushy growth habit with many suckers from the 
stump [22], [23]. P. reticulatum is also characterized by simple bilobed leaves; medium to small cluster or panicle flowers 
and indehiscent pods and deeply fissured to crevice bark [24], [25]. It forms small stands on moist or temporarily moist 
sandy soils and in fallows [26]. Its pods are eaten and its wood is very resistant to termites [27]; 

• Sclerocarya birrea is a rounded, relatively dense tree up to 12 m tall (Figure 2b). It has a bole 80 cm in diameter with a scaly 
bark, more or less silvery gray. Its leaves disappear during the dry season to save water [28]. Widely distributed in arid and 
semi-arid areas of Africa, S. birrea occurs on well-drained sandy and loamy soils [29]; 

• Combretum glutinosum is a small tree up to 10 m in height (Figure 2a). It is an evergreen Sudano-Sahelian species with an 
arborescent habit found on all types of soil. Its leaves are alternate and its inflorescences consist of compact axillary spikes 
with hairy yellow-cream flowers. The fruit has four yellowish wings, turning brown when ripe. Drought tolerant, C. 
glutinosum is left in fields to enhance soil fertility and provide wood for construction or used as household fuel [27], [30]. 

 

Fig. 2. Photographs of ligneous tree species of Combretum glutinosum (a), Sclerocaria birrea (b) and Piliostigma reticulatum (c) 

2.3. SOIL SAMPLING AND LABORATORY ANALYSIS METHODS 

For each species, 3 plants were selected and around each plant, the first aureole and the second aureole have been 
delimited corresponding respectively to zone under and outside plant crown (Figure 3). In each aureole, a composite soil 
sample was collected at 0-20 cm depth in 4 points respectively from 4 cardinal points. Thus, for each species 6 composite soil 
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samples were taken, including 3 samples in aureole under crown and 3 samples in aureole outside crown plant, i.e. a total of 
18 soil samples taken for the 3 species. 

 

Fig. 3. Soil sampling design around tree plant 

Soil samples taken were analyzed in the laboratory to determine soil physico-chemical properties notably pH, organic 
carbon, total nitrogen, phosphorus, CEC, exchangeable bases. Theses analyses were performed in soil science laboratory of 
agronomic faculty of University of Abdou Moumouni (Niger). The analysis methods were summarized in Table 1. 

Table 1. Analysis methods of soil physico-chemical parameters in laboratory 

Parameters Analysis method 

pH 
Granulometry (6 fractions) 

 
Organic carbone 

Total nitrogen 
Phosphorus 

CEC and exchangeable bases 

pH-meter with soil/water ratio 1/2.5 
Pipette Robinson/sieving after oxidation of organic matter with hydrogen 

peroxide 
Method Walkley et Black (1934) 

Kjeldahl 
Bray I 

Ammonium acetate method pH=7 

2.4. DATA STATISTICAL ANALYSIS 

The variance analysis (ANOVA) was performed using GenSTAT software to compare area under and outside plant crown for 
each species in changes of soil physicochemical characteristics. The Fisher’s test (LSD test) at 5% threshold was performed to 
compare the means in pairs. 
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3. RESULTS AND DISCUSSION 

3.1. RESULTS 

3.1.1. CHANGES IN SOIL PARTICLES SIZE COMPOSITION (SOIL TEXTURE) 

The figure 6 presents average proportions of different soil particles size fractions under and outside plant crown of three 
ligneous species. In general, soil granulometry under three plants species is dominated by sandy-textured soil with sand 
contents between 85 and 92%. Thus, the fine particles contents are very low between 6 and 12% for silts and between 1 and 
4% for clays. 

 

Fig. 4. Soil particle size distribution under and outside plant crown of Piliostigma reticulatum, Combretum glutinosum et Sclerocarya 
birrea 

3.1.2. CHANGES IN SOIL CHEMICAL CHARACTERISTICS 

3.1.2.1. CHANGES IN SOIL PH 

In general, soil pH values were between 5.5 and 6.5 under all trees species (Figure 5), with slightly lower values under C. 
glutinosum (5.6) and higher values under S. birrea (6.1-6.4), confirming acid character of cultivated tropical ferruginous soils in 
Niger. These pH values correspond to limit threshold for normal development of most rainfed crops cultivated in Niger. 
However, the presence of RNA ligneous plant influences soil pH. Indeed, the soil pH under crown of P. reticulatum and S. birrea 
respectively is significantly higher than that outside crown of these species. Thus, the presence of P. reticulatum and S. birrea 
increases soil pH by 18.2 and 4.9% respectively. However, the presence of C. glutinosum plant has no significant effect in 
changes of soil pH because soil pH value is similar (5.6) between soil under and outside plant crown of this species. 
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Fig. 5. Changes in soil pH under and outside plant crown of Piliostigma reticulatum, Combretum glutinosum et Sclerocarya birrea 

3.1.2.2. CHANGES IN SOIL ORGANIC MATTER CONTENT 

The figure 6 present variations in soil organic matter content under and outside plant crown of three species. In general, 
soil organic matter levels are low to average under tree crowns (between 1.21 and 1.85%) and very low outside tree crowns (< 
0.5%). Thus, the presence of RNA trees species significantly increases organic matter content of soils under plant crown of all 
ligneous species studied. The organic matter contents are 1.85, 1.56 and 1.21% respectively under plant crown of P. 
reticulatum, C. glutinosum and S. birrea, i.e. 26, 3.8 and 4.2 times higher than that of soils outside plant crown of these ligneous 
species. 

 

Fig. 6. Changes in soil organic matter content under and outside plant crown of Piliostigma reticulatum, Combretum glutinosum et 
Sclerocarya birrea 
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3.1.2.3. CHANGES IN SOIL ASSIMILABLE PHOSPHORUS CONTENT 

The figure 7 present soil assimilable phosphorus contents under and outside of plant crown of RNA ligneous three. The 
assimilable phosphorus contents are less than 10 ppm outside of plant crown of all trees except to soil under plant crown of C. 
glutinosum which assimilable phosphorus content is 72.98 ppm. This assimilable phosphorus content is 2.5, 1.2 and 2.1 times 
higher under plant crown than outside plant crown of P. reticulatum, C. glutinosum and S. birrea respectively. 

 

Fig. 7. Changes in soil assimilable phosphorus content under and outside plant crown of Piliostigma reticulatum, Combretum 
glutinosum et Sclerocarya birrea 

3.1.2.4. VARIATION OF CATION EXCHANGE CAPACITY (CEC) 

Figure 8 presents soil cations exchange capacity (CEC) values under and outside plant crown of three ligneous trees. In 
general, soil CEC value is between 10 and 12.5 under tree cover and between 7.5 and 10.0 outside plant crowns, confirming 
the low CEC values of cultivated tropical ferruginous soils. However, CEC value is slightly higher under plant crown than that 
outside plant crown for all ligneous species. 
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Fig. 8. Changes in soil CEC under and outside plant crown of Piliostigma reticulatum, Combretum glutinosum et Sclerocarya birrea 

3.2. DISCUSSION 

3.2.1. EFFECT OF RNA TREES ON SOIL PARTICULES SIZE DISTRIBUTION 

The results of this study showed that soil in studies zones is dominated by sandy-textured soil with very low clay fraction 
(<5%), confirming the classification of ferruginous soil in study area [21]. Furthermore, this study showed that there are no 
significant differences between zone under and outside plant crown of Piliostigma reticulatum, Combretum glutinosum and 
Sclerocarya birrea on soil particle sizes distribution; showing that presence of these RNA trees has no effect on soil particle size 
distribution. This same observation has been reported by several authors showing that trees have no influence on soil texture 
[31], [32], [14]. However, reference [14] showed that the presence of tufts of Hyphaene thebaica and Guiera senegalensis 
significantly favor fine particles fractions (clays and silts) because of the trapping role that these tufts perform at soil surface. 
Therefore, the height of ligneous species in tree form is not favorable to capture fine particles at the soil surface to influence 
soil particle size distribution. 

3.2.2. INFLUENCE OF RNA TREES ON SOILS CHIMICAL COMPOSITION 

This study showed that the presence of RNA trees significantly improves soil chemical characteristics and consequently 
chemical fertility of these soils. Indeed, soil organic matter contents are 1.85, 1.56 and 1.21 % respectively under plant crown 
of P. reticulatum, C. glutinosum and S. birrea, i.e. 26, 3.8 and 4.2 times higher than those of bare soil outside plant crown of 
these species. This increase in soil organic matter content under RNA tree crowns is attributed to decomposition of 
aboveground and root biomass residues of these trees; confirming the observation of several authors [33], [34], [35], [36]. In 
addition, the presence of RNA trees improves soil pH. Indeed, pH of bare soils outside tree crowns is significantly more acidic 
than that of soils under tree crowns, in particular P. reticulatum and S. birrea. Several studies carried on effect of ligneous trees 
on soil chemical properties [37], [32]. Reference [14] showed positive effect of trees on improving soil pH. This improvement 
in soil pH was attributed to decomposition of organic matter of foliage and roots biomass of tree plant which releases 
exchangeable bases; thus replacing H+ protons of soil humus-clayed complex [38]. Furthermore, presence of RNA trees 
improves soil assimilable phosphorus content, which is most often very low on tropical ferruginous soils. Indeed, soil 
assimilable phosphorus content is 2.5, 1.2 and 2.1 times higher under tree crown than that bare soil outside plant crown of P. 
reticulatum, C. glutinosum and S. birrea respectively. This improvement of soil phosphorus content by RNA trees is accorded 
to phosphorus recycling, decomposition of organic matter and root symbiosis with mycorrhizal fungi as indicated by several 
authors [14], [39]. Thus, RNA ligneous species of P. recticulatum, C. glutinosum and S. birrea contribute to reducing very 
frequent phosphorus deficiencies in ferruginous cultivated soils of Niger. 
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4. CONCLUSION 

This study showed that the presence of RNA trees improves physico-chemical properties of cultivated tropical ferruginous 
soils. Indeed, presence of trees of P. reticulatum, C. glutinosum and S. birrea allowed to i) reduce soil acidity and ii) significantly 
increase soil organic matter content and soil assimilable phosphorus content of cultivated tropical ferruginous soils. This 
improvement in soil chemical fertility by RNA trees is essentially linked to decomposition of residues aboveground and root 
biomass of plant trees in soil. Thus, ligneous plants in trees form recycle nutrients in soil and input fresh organic matter to soil 
which improves exchange complex. In addition to its importance in the production of firewood and service wood, RNA is a 
promising practice for improvement and maintenance of fertility of tropical ferruginous soils which are naturally soils poor in 
nutrients. However, future research studies can be considered to complete this study, particularly concerning impact of RNA 
ligneous plants on soil water properties and interaction between crops and trees on mineral elements and light. 
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