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Abstract 

To enhance sustainable production systems, drylands must face a myriad of problems. Regardless of local conditions, some local 

practices could help address these problems. However, their applications are not well understood and the results are not well 

quantified. Our objective was to assess the response of Faidherbia albida (Delile), A. Chev (F.A.) on a Pellic Vertisol and its 

combined effect with stone walls on an Eutric Regosol. Composite soil samples (0–5, 5-10, 10-20 cm) were collected from these 

soils under and outside, respectively Faidherbia albida tree and Faidherbia albida tree associated with stone walls, and analyzed 

for routine laboratory determinations. Statistical analyses were performed to interpret the dataset and assess relationships 

between management practices and soil properties. The soil quality index (SQI) and the response ratio (RR) were computed to 

evaluate differences between soils under and outside canopy. Both soils significantly benefited from inputs from F.A. and 

particularly when combined with stone walls. For Pellic Vertisols, only the superficial layer (0 -5 cm) significantly benefited 

from F.A. inputs. Here, SQI1_1uF.A (under F.A.) ˃ SQI1_1’oF.A (Outside F.A.). As compared to soils in open field, F.A. contributed 46.24% of 

SOM (Soil organic matter), 128.23% of total nitrogen, 270.85% of available phosphorus and 254.2% of potassium and improved 

soil temperature and humidity. When associated with stone walls, the whole plow layer (0-5, 5-10, 10 - 20 cm) on Eutric Regosol, 

significantly benefited from inputs from the complex F.A. and stone walls. Indeed, SQI2_1uF.A ˃ ˃ SQI2_1’oF.A, SQI2_2uF.A.˃ SQI2_2’oF.A 

and SQI2_3uF.A.˃SQI2_3’oF.A. As compared to the open area, F.A. combined with stone walls brought 141.5% of SOM, 201.9% of 

total nitrogen, 89.35% of calcium, 495.2% of potassium, 93.3% of sodium, 499.6% of available phosphorus and 109.8% of soil 

humidity. Improving soil quality through local practices, suitable to local conditions, is key to enhance Sahelian livelihoods. 
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1. Introduction 

Drylands face a myriad of problems, including land degra-

dation and water scarcity, exacerbated by climate change and 

variability [1-4]. Exploring sustainable production practices to 

conserve and rehabilitate soil quality is a great challenge now-

adays for resource-poor farmers. In semi-arid areas, soils are 

limited in agricultural productivity due to severe soil erosion 

and low soil fertility. This has contributed to a decline in crop 

and animal yields, and an increase in food and nutrition inse-

curity [4]. Furthermore, these areas have rapid population 

growth, particularly among the rural population [5] heavily 

dependent on agriculture [2, 6]. For most small-scale farmers, 

the use of fertilizers that could replenish their soils is not eco-

nomically feasible, due to increasing prices [6] and climatic 

risks [1]. Therefore, they sometimes use animal (goat; sheep, 

and cow) and household wastes, which remain insufficient to 

increase their yields. Young people have chosen to migrate 

toward humid lands for seasonal work, as their parents no 

longer have fertile lands to offer them. Given these challenges, 

supporting agricultural production, focused on natural fertili-

zation is the best alternative for areas with limited economic 

capacity. 

Improving agricultural land conditions implies reducing 

land degradation and thus improving soil fertility. Land deg-

radation leads to shortage of food and water supply, decline in 

land productivity, resource conflicts, and environmental dete-

rioration [7]. Soil fertility refers to the inherent capacity of soil 

to supply nutrients, minerals, water and air to plants roots in 

adequate amounts [8]. Both land degradation and decreasing 

soil fertility are short and long-term processes that are difficult 

to measure or observe and generally receive little attention. 

Several technical solutions for soil fertility restoration are 

known; many with similar principles, but their success depend 

on practical relevance, efficiency of application, and ac-

ceptance by farmers [3]. In the Far North region of Cameroon 

[6] as in the case of Africa in general [9], the fallow system 

has been much less used. The practice of continuous cultiva-

tion, application of more chemical inputs, mechanized cotton 

mono-cropping, overgrazing, uncontrolled forest fires and 

abusive tree felling exacerbate land degradation and soil nu-

trient depletion [10]. Farmlands have high potential, but only 

when farming systems rely on water conservation and mainte-

nance of soil fertility through better utilization of plant bio-

mass, and forage or cultivated trees. Some local teams, with 

the support of the Ministry of Forestry and wildlife, the Min-

istry of Environment, World Resources Institute (WRI), 

worked to control erosion, reforest steep areas, and rehabili-

tate soil fertility. They build stones walls along farms on hills 

to keep soil in place during heavy rains. Additionally, the gov-

ernment, through the Cotton Development Corporation 

(SODECOTTON) and Rural Development and Land Manage-

ment (RDLM) project, encourages smallholder farmers to in-

tersperse Faidherbia albida trees in their farms. In Tchéré vil-

lage (north of far north) for example, more than 30,000 Faid-

herbia albida trees have been planted. According to 

SODECOTTON, these trees contribute to nutrients replenish-

ment by cotton, hillsides soil stabilization and erosion reduc-

tion. Apart from restoring soil fertility, this specie fights 

against biotic pests like Striga in such a way that close or un-

der the trees, Striga infestation was very low or absent [6]. 

Although over five decades of research have been con-

ducted on the relationship between the inputs from Faidherbia 

albida trees on soil nutrient status [2, 11], there is no consen-

sus on the effect of this species associated or not to indigenous 

knowledge. The objective of this study is to assess the effects 

of Faidherbia albida on Pellic Vertisols and on Eutric Reg-

osols when combined with stones walls. Specifically, the 

study aims to: (i) assess physical and chemical status of Pellic 

Vertisol under and outside F.A. and the combined effect of 

F.A. and stone walls on Eutric Regosol under and outside the 

tree canopy; (ii) evaluate for the both type of soils differences 

between those under canopy and those in the open field 

through the response ratio (RR) and the soil quality index (SQI) 

values. We hypothesized that any management practices must 

be adapted according to soil local conditions. 

2. Materials and Methods 

2.1. Study Site 

The experiment was carried out in Mambang II area, Di-

amaré division, and Far North region of Cameroon (10°37’ 

and 10°41’N; 14°16’ and 14°19’E) during the 2020 cropping 

season. The site was established on a total land area of 11,483 

Km2 (Figures 1 and 2). 

Two types of soil characterize this area: Pellic Vertisols and 

Eutric Regosols [8] (Figure 2). The Pellic Vertisols are dark 

colored argillic soils located within the plain landform around 

elevations of 400 m a.s.l. It is occupied by several types of tree 

species, among them, young and mature Faidherbia albida, 

which are interspersed in the whole farmlands. Soil surface is 

covered with cotton, millet and sorghum crops residues, iso-

lated rock fragments of approximately 10% and some other 

part of farmland appear bare. The soil under mature F. A. tree 

species is fully covered with green grasses. The same crop res-

idues can also be observed outside F. A. with traces of cows, 

goat and sheep manures. The Eutric Regosols are weakly de-

veloped soils, in unconsolidated material and not acidic. They 

covered the hilly landform, with elevations ranging between 

600 and 800 m a.s.l. Along the hilly slope of this area, stone 

lines/walls have been built and separated from each other at 

approximately 0.5 meter distance. These stone lines are asso-

ciated with some Faidherbia albida trees. The soil surface is 

completely and mainly covered with rock fragments ranging 

from millimeter to decimeter in size, crop residues, sheep and 

goat manure (Figure 3). 
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Figure 1. Geology of the locality and sampling areas [12]. 

 
Figure 2. Soils of the locality and sampling areas [8]. 
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Figure 3. a) Pellic Vertisols within plain landform associated with Faidherbia albida and b) Eutric Regosols developed on hill landform where 

Faidherbia albida is combined with stone lines/walls. Photos taken in the beginning of the cropping season. 

Vegetation is characterized by Sahelian species such as 

Acacia seyel, Acacia nilotica, Khaya senegalensis, Vitellaria 

paradoxa, Adansonia digitate, Parkia biglobosa, Leucaena 

Spp, Combretum Spp and Faidherbia albida [13]. The region 

has a Soudano-sahelian climate characterized by a long dry 

season lasting from October to May and a short rainy season 

from June to September. The mean annual rainfall over the 

last decade in the region is 759.88 mm and more than 55% of 

annual rainfall per year is distributed in the month of July and 

August. The region has a mean annual temperature of 28.64°C 

associated with an important evapotranspiration rate. Soil nu-

trient deficiency is a limiting factor in assessing the produc-

tivity of both soil types. Meanwhile, agriculture is the main 

subsistence source for the local populations. Cereals are their 

source of staple food. Cotton remains the single most im-

portant cash crop [6]. The dominant staple food crops culti-

vated here include sorghum, maize, and pearl millet. The ma-

jority of farmers here implement soil restoration practices with 

the support of the government, through the Cotton Develop-

ment Corporation, the Ministry of forestry and wildlife, the 

Ministry of the Environment and World Resources Institute 

(WRI). They reforest steep areas, build stone embankments to 

control soil erosion and rehabilitate soil fertility. These soils 

were developed from amphibolite (Figure 1). 

2.2. Studied Species 

The present study focuses on Faidherbia albida (Delile) A. 

Chev. (syn. Acacia Albida). This species is naturally wide-

spread in the drier areas worldwide (Palestine, Sudan, Ethio-

pia,…etc.). In Cameroon, it spreads from the North to the Far 

North. F.A. is important because of its unique attribute to pro-

duce leaves and fruits in the dry season, when other trees are 

leafless and dormant during the cropping season [11, 14-19]. 

Therefore, it is considerably less competitive with crops for 

water, light and nutrient elements, making it compatible with 

crops and acceptable to farmers [14, 15, 18, 20]. Its presence 

on farmland significantly reduces Striga infestations, which 

are usually associated with soil fertility decline [6]. It provides 

shelter for animals, whose dung is used as fertilizer for crops. 

It also acts as a windbreak, supplies wood for fuel and con-

struction, and reduces erosion by preventing soil compaction, 

which facilitates water infiltration during the rainy season [15, 

17]. Its presence in the crop fields on inherently nutrient poor 

sites has been widely reported to increase soil fertility and 

crop yields [19], a phenomenon termed the “albida effect” [16, 

18]. 

2.3. Field Survey and Sampling 

The study area was covered with Pellic Vertisols and Eutric 

Regosols. They were respectively located on the plain and on 

the hills slopes (Figure 3). The choice of sampling points was 

based on the presence Faidherbia albida tree, associated or 

not with some traditional practices, and differences in soil type. 

Soil morphological properties such as humidity and tempera-

ture were measured in situ. The Pellic Vertisol is located at an 

altitude of 400 m a.s.l. In the hierarchy of major landforms, it 

corresponds to a plain area with a gradient less than 10%, re-

lief intensity less than 50 m km-1 and potential drainage den-

sity varying between 0 – 25 [21]. F. A. mainly covers this area. 

The second soil type is an Eutric Regosol, located between 

600 to 800 m a.s.l. This part of the area, according to slope 

positions is undulating and mountainous terrain correspond-

ing to the lower slope or foot slope with gradient around 15 – 

30%, relief intensity varying between 150 – 300 m Km-1 and 

potential drainage density between 0 and 15 [21]. In this part 

of the area, stone walls were built according to the direction 

of the steepest slope. These stones walls were associated with 

F.A. species (Figure 3). Both lands are subjected to continuous 

agricultural practices for crops such as cotton, pearl millet, 

sorghum, and maize. Eighteen (18) disturbed composite soil 

samples were collected from three points relative to the dis-

tance from the F.albida tree trunk. Six (06) at the foot of tree 
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trunk, six (06) 2 m away from the foot of tree trunk under the 

canopy, and six (06) 4 m away from the foot of tree trunk, 

outside of the canopy, considered as control. These soil sam-

ples were collected at the beginning of the rainy season, 

shortly before cropping. At each sampling pit, composite soil 

samples were collected from top to bottom at three different 

depths: 0 – 5 cm, 5 – 10 cm and 10-20 cm. The selection of 

Faidherbia albida species was based on age, diameter of trunk 

at breast height, similarity of canopy cover and height. The 

mature trees were believed to be 40 to 50 years old [22]. In-

terviews with local farmers and field observations allowed us 

to select the mature species of F.A. The mean tree height for 

both sites was 17 m, with a diameter at breast height (1,5 m) 

equal to 0,50 m. 

2.4. Analytical Procedure 

Small pits of approximately 30 cm of depth were opened 

with an appropriate knife. The analysis of soil data focused 

on this depth because over 75% of soil organic carbon (SOC) 

and plant roots in the drylands are known to be concentrated 

at this depth [16]. Composite soil samples from each pit were 

taken under and outside the tree canopy after removing the 

litter in the soil surface, at three distances (at the foot of the 

tree trunk, 2m and 4m away from the F. albida trunk). These 

soil samples were stored in sealed plastic bags and trans-

ported in the laboratory where they were air-dried, before 

being grind and sieved; then used for routine laboratory anal-

ysis. Soil humidity content and temperature were determined 

in situ using frequency domain reflectometry probes (FDR 

probes). Physico chemical determinations were done for the 

following parameters: pH in water ratio of 1: 2.5 (pHw), ex-

changeable bases (Ca, Mg, K, Na) and available P were ex-

tracted by the Mehlich-3 procedure [23]. Cations were deter-

mined by atomic absorption spectrophotometry and availa-

ble P by spectrocolorimetry using Olsen procedure [24]. To-

tal N using the Kjeldahl method for digestion and ammo-

nium electrode determination [25], organic carbon (OC) us-

ing chromic acid digestion and spectrophotometric analysis 

[26]. Organic matter (OM) was obtained using conversion 

factor for surface horizons of 1.724 for soils under anthropo-

genic land cover types [27]. The effect of trees on each var-

iable was estimated through the response ratio (RR) value. 

This value has been chosen as the most appropriate effect 

size. RR was calculated as the ratio of measurements under 

the canopy (U) to the open area considered as the control (C). 

Thus RR (= U/C) is a dimensionless and unit-less quantity. 

It has the advantage to combine data collected through dif-

ferent analytical methods or at different times more straight-

forwardly than other metrics. This value helps to assess any 

difference between the canopy and open area for a given var-

iable. When there is no significant difference between the 

canopy and open area for a given variable, RR will encom-

pass 1. When RR is greater than 1 it means significant in-

creases under the canopy [16]. 

2.5. Computation of Soil Quality Index (SQI) 

Calculating soil quality consists of combining the physico-

chemical and biological properties of the soil that change in 

response to variations in soil conditions [28]. The steps to cal-

culate the SQI were described by [29]. This dataset focused 

more on soil chemical parameters because some authors [29, 

30] reported their strong influence and manifestation on crop 

growth. Each indicator was normalized by [29], and the SQI 

parameter was calculated by using equation (1) [29]. 

SQI = ∑ Wxi𝑛
𝑖=1                     (1) 

W is the normalized indicator; X is the indicator score; SQI is 

the soil quality index; i is a soil property and n is the number of 

soil properties. 

A high soil quality index indicates better soil quality [31-33]. 

2.6. Statistical Analysis 

The eleven (11) soil variables (SOM, Total N, available P, 

pHw, Ca, Mg, K, Na, SQI, soil humidity and temperature) 

were subjected to descriptive statistical analysis using sum-

mary statistics. The proportional deviation (pd) from soils not 

influenced by Faidheria albida (F. A.) considered as control, 

for Pellic Vertisols and Eutric Regosol was used to assess the 

effect F.A. alone and combined with stone walls according to 

equation (2) 

Pd% = 
X−p′′

p′′
∗ 100%                   (2) 

Pd%: proportional deviation in percent (%); 

X: a soil property; 

P’’: a soil property not influenced by F. A., consider as con-

trol. 

Linear regression analysis was performed to assess relation-

ships between management practices (F. albida combined or 

not with stone walls) and soil physicochemical properties in 

both soils. These analyses were performed using XLSTAT, 

Excel version 2023. 

3. Results 

3.1. Inputs from F.A. on Pellic Vertisol 

There were distinct vertical and lateral differences in sev-

eral physico-chemical and physical properties, which are or-

ganic matter (OM), total N (TN), available phosphorus (P), 

potassium (K), humidity and temperature levels under and 

outside the Faidherbia albida tree. Linear regression analysis 

was employed to study the relationship between OM, total N, 

P, K levels and distances away from the tree on one hand and 

between OM, total N, P and K levels according to the depth 

on the other hand (Figure 4). 
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Table 1. Mean values of organic matter, total N, available phosphorus, and potassium at different distances from the tree trunk and soil depths 

(mean ± standard error; n = 9 samples). 

Distances away from tree trunk(m) Depths (cm) OM (%) Total N (%) P (ppm) K (Cmol/kg) 

0 0 - 5 3.094 ±0.47 0.21 ±0.04 38.92 ±9.80 0.75 ±0.18 

 5 - 10 1.670 ± 0.47 0.09 ±0.04 3.08 ±0.00 0.07 ±0.00 

 10 - 20 1.151 ±0.47 0.05 ±0.04 2.69 ±0.00 0.06 ±0.00 

2 0 - 5 2.24 ±0.20 0.15 ±0.02 7.74 ±1.48 0.29 ±0.06 

 5 - 10 1.572 ±0.20 0.06 ±0.02 2.69 ±1.48 0.06 ±0.00 

 10 - 20 1.443 ±0.20 0.05 ±0.02 1.92 ±1.48 0.06 ±0.00 

4 0 - 5 1.449 ±0.07 0.05 ±0.003 3.86 ±0.53 0.12 ±0.02 

 5 - 10 1.187 ±0.07 0.04 ±0.003 1.92 ±0.53 0.04 ±0.02 

 10 - 20 1.182 ±0.07 0.04 ±0.003 1.92 ±0.53 0.02 ±0.00 

OM: organic matter; Total N: total nitrogen; P: available phosphorus; K: potassium. 

3.1.1. Organic Matter 

Soil organic matter (SOM) has an important influence on 

soil physical, chemical and biological characteristics. It deter-

mines soil physical properties by improving bulk density, po-

rosity and infiltration rate. Significant differences in OM were 

observed at the three distances from the tree trunk (tree trunk, 

2 m from tree trunk and 4 m from tree trunk; outside the F. 

albida influence area) and according to soil depth (Table 1; 

Figure 4). Organic matter showed a rapid decreasing trend 

with increasing distance from the base of the tree toward the 

open field and sharply decreased with depth. It was signifi-

cantly higher under the tree canopy than outside. It was mod-

erate, from 2.24 to 3.09% at 2 m (R2 = 0.72; β = - 15.1) and at 

the tree trunk (R2 = 0.81; β = - 6.83), than in the open field, 

where it remains low (1.45%). According to depth, the range 

of OM varied between 1.15 and 3.09% corresponding to 10 -

20 cm (R2 = 0.89; β = -7.41) and to 0-5 cm depths (R2 = 0.99; 

β = -2.43) at the tree trunk. The same trend was observed 2m 

away from the tree trunk and outside, recording respectively 

2.24%, 1.572%, 1.443% and 1.449%, 1.187%, 1.182% (0 – 5 

cm; 5 – 10 cm and 10- 20 cm) (Table 1). 

3.1.2. Total Nitrogen (TN) 

Significant horizontal and vertical variations were observed 

under F. albida tree compared to outside. Total nitrogen de-

creased with increasing distance from the tree trunk and soil 

depth. It significantly varied according to the distance from 

the tree trunk and soil depth. It was moderate (0.21%) at tree 

trunk (R2= 0.79; β= - 81.7), low (0.15%) 2 m away from trunk 

(R2 = 0.66; β= -112.6) and very low (0.05%) 4 m from the tree 

trunk in the open area. According to depths (0-5. 5 – 10 and 

10 – 20 cm), it was low to moderate, varying respectively as 

follows 0.21%, 0.09% and 0.05% at the tree trunk; 0.15%, 

0.06% and 0.05% 2 m away from the tree as compared to open 

area, where it was 0.05% and, from 5 – 10 cm remained con-

stant (0.04%). Thus, Total nitrogen was higher under the tree 

canopy than outside the canopy. 

3.1.3. Available Phosphorus (P) 

Available phosphorus was significantly higher under the tree 

canopy than in the open field. It showed a decreasing trend with 

increasing distance from the tree base towards the open field. It 

ranged from 7.74 PPm 2 m at the tree trunk (R2 = 0.69; β= -2.01) 

to 38.92 PPm at tree trunk (R2 = 0.58; β= -0.28) under F. albida 

as compared to 3.86 PPm outside the canopy. According to the 

three depths (0 – 5; 5 -10 and 10 – 20 cm), it sharply decreased 

from 38.92 (R2 = 0.83; β= -0.09) to 3.08 (R2 =0.96; β= - 3.33) 

and 2.69 PPm at the tree base to 7.74, 2.69 and 1.92 PPm 2 m 

away from the trunk under the canopy. Outside the canopy, it 

decreased from 3.86 to 1.92 PPm from 5-10 cm and remained 

constant up to 20 cm (Table 1, Figure 4). These variations were 

similar to organic matter and total nitrogen. 

3.1.4. Potassium (K) 

The K values showed significant variations with distance 

from the tree trunk and soil depths. The amount of K in the 

soil significantly decreased as the distance from the tree trunk 

increased. It rapidly decreased from 0.75 Cmol/kg at the tree 

trunk (R2 = 0.58; β = - 14.75), to 0.29 Cmol/kg 2 m away (R2= 

0.57: β = -43.47) under F. albida tree and finally to 0.12 

Cmol/kg outside the canopy (Table 1, Figure 4). According to 

depth, the highest K values were recorded at 0 – 5 cm depth 

(0.29 - 0.75 Cmol/kg; R2 = 0.93; β = -5.93) and decreased at 5 

– 10 cm depth (0.06 - 0.07 Cmol/kg; R2 = 0.96; β = -128.5), 

where it remained almost constant up to (10 – 20 cm) under 
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the canopy. Outside the canopy, it decreased from 0.12 

Cmol/kg (0-5 cm) to 0.04 Cmol/kg (5 -10 cm) and 0.02 

Cmol/kg (10 -20 cm). 

The content of these macronutrients varied at the three soil 

depths and horizontal positions (closest, middle and distant), 

decreasing from the top to lower soil depths and from the clos-

est to the distant positions under F. albida. 

Table 2. Influence of F. A. tree on Pellic Vertisol properties under the 

canopy relative to the open area. 

Soil variables Effect size (RR) Mean (95% CI) 

pHw 0.88 (0.81 – 0.95)NS 

OM 1.55 (0.97 – 2.13)* 

Ca 0.71(0.63 – 0.80)NS 

Mg 1.00 (0.91 – 1.10)NS 

K 3.86 (1.59 – 6.13)* 

Soil variables Effect size (RR) Mean (95% CI) 

Na 1.08 (0.42 – 1.74)NS 

Total N 2.61(1.18 – 4.04)* 

P (olsen) 5.54 (1.00 – 10.08)* 

Humidity 1.10 (0.95 – 1.26)NS 

Temperature 0.80 (0.80 -0.82)NS 

NS: indicate non significant; *indicate significant increases under 

canopy compared to open area. Responses under canopy are not sig-

nificantly different from the open area if the 95% CI of RR encom-

pass 1. Figures in parenthesis are 95% confidence limits. 

Consistent increases in OM, total N, available P and K (RR 

˃ 1) due to Faidherbia albida tree are confirmed in Table 2. 

The amounts of OM, TN, P, and K contributed by Faidherbia 

tree in these soils under the canopy were respectively 46.24%, 

128.23%, 270.85% and 254.29% higher than in the open area. 

 
Figure 4. Relationship between Organic matter (OM), Total nitrogen (TN), available Phosphorus (av P), potassium (K) and distance (m) away 

from the Faidherbia albida tree and soil depth (cm) on a Pellic Vertisol. M00: OM at tree trunk; MO1: OM as a function of depths; TNO: TN 

at tree trunk; TNO1: TN as a function of depths; KOO: potassium at tree trunk; KO1: potassium as a function of depths; av POO: available 

phosphorus at tree trunk and av PO1 available phosphorus as function of depths. 
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3.1.5. pHw and Some Exchangeable Cations 

The pHw of the study area ranged between 5.84 to 6.45 at 

the tree trunk and 2 m away from the tree trunk under the tree 

canopy to 6.76 outside, in top soil (0 – 5 cm). Thus, this pa-

rameter increases with increasing distance away from the tree 

base. A similar trend was observed as soil depth increased un-

der and outside the tree canopy. At the tree base, for the three 

depths (0-5; 5-10 and 10 – 20 cm), values corresponded to 

5.84, 5.82 and 6.02. 2 m away from the trunk, values were 

6.45, 6.32 and 6.38. Outside the tree canopy, values were 6.76, 

7.15 and 7.28. 

The same trend was recorded for exchangeable Ca, which 

gradually increased as the distance from the tree trunk in-

creased. The mean values of exchangeable Ca (8.61 Cmol/kg) 

were lower at the tree trunk, slightly increased 2 m away from 

the tree trunk (8.96 Cmol/kg) under the tree canopy and sig-

nificantly increased outside the canopy (11.17 Cmol/kg). 

According to soil depths, the trend were similar under and 

outside the canopy. The concentration of exchangeable Ca in-

creased as soil depth increased. Values recorded at tree trunk 

were 8.61 Cmol/kg (0 – 5 cm), followed by 12.23 Cmol/kg (5 

– 10 cm) and 11.81 Cmol/kg at (10 -20 cm). At 2 m from the 

tree base, values were about 8.96 Cmol/kg, followed by 12.66 

Cmol/kg and 12.73 Cmol/kg, respectively at 0- 5 cm, 5 – 10 

cm, and 10 -20 cm. In the open field, for the three depths (0 – 

5; 5 – 10; 10 -20 cm), values correspond to 11.17 Cmol/kg, 

18.50 Cmol/kg and 18.64 Cmol/kg respectively (Table 3). 

Table 3. Lateral and vertical variations of pHw and some exchangeable cations contents under and outside de Faidherbia albida tree on Pellic 

Vertisol (mean ±standard error, n = 9 samples). 

Distances away from tree trunk (m) Depths (cm) pHw Ca (Cmol/kg) Mg (Cmol/kg) 

0 0 - 5 5.84±0.05 8.61±0.93 3.77±0.37 

 5 - 10 5.82±0.05 12.23±0.93 5.33±0.37 

 10 - 20 6.03±0.05 11.81±0.93 4.52±0.37 

2 0 - 5 6.45±0.03 8.96±1.01 3.87±0.26 

 5 - 10 6.32±0.03 12.66±1.01 4.96±0.26 

 10 - 20 6.38±0.03 12.73±1.01 4.39±0.26 

4 0 - 5 6.76±0.13 11.17±2.01 3.92±0.22 

 5 - 10 7.15±0.13 18.50±2.01 4.84±0.22 

 10 -20 7.28±0.13 18.64±2.01 4.27±0.22 

pHw: pH in water; Ca: amount of calcium; Mg: amount of magnesium 

3.1.6. Temperature and Humidity 

Soil temperature and humidity are related. They play a ma-

jor role in ensuring crop productivity, sustainability and con-

trol of biological and biochemical processes which invariably 

affects soil organic matter formation, seed germination, plant 

development, ability of plants to survive during dry season 

and nutrients uptake [34]. The analysis of temperature and hu-

midity revealed they were affected by distance from the tree 

trunk and soil depth (Table 4). 

Table 4. Average temperature (°C) and humidity (%) measurements at the time of sampling under and outside the Faidherbia albida tree on 

a Pellic Vertisol at 5, 10 and 20 cm depths (n = 9 samples). 

Distance from tree (m) Depth (cm) Temperature (°C) Humidity (%) 

Std. Dev.  4.09 5.33 

CV  0.11 0.31 

0 0-5 31.1±1.05 12.30±1.88 

 5-10 35.5±1.05 19.70±1.88 
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Distance from tree (m) Depth (cm) Temperature (°C) Humidity (%) 

 10-20 34.0±1.05 18.60±1.88 

2 0-5 35.7±0.55 10.10±3.56 

 5-10 34.8±0.55 22.10±3.56 

 10 - 20 33.4±0.55 24.10±3.56 

4 0-5 43.80±0.63 9.60±2.82 

 5 -10 43.10±0.63 20.70±2.82 

 10-20 41.20±0.63 19.10±2.82 

Std.Dev. standard deviation; CV: coefficient of variation. 

The values of temperature increased with increasing dis-

tance from the tree trunk. It was cooler under the canopy of 

Faidherbia tree than outside and generally showed a decreas-

ing trend with increasing depth. A temperature of 31.1°C was 

recorded at the tree trunk, followed by 35.7°C 2 m away from 

the base and 43.8°C outside in the open field within the top 

soils (0 – 5 cm). With regard to depth, it was about 35.5°C and 

34°C at 5-10 cm and 10 – 20 cm at tree trunk, followed by 

35.7°C, 34.8°C and 33.4°C for 0 – 5; 5- 10 and 10 -20 cm 2 m 

away from the base of the trunk. 

In contrast to soil temperature, soil humidity decreased as 

the distance from the tree trunk increased in the top soil. There 

was higher humidity under the Faidherbia canopy than outside 

in the open field (Table 4). The highest value was recorded at 

the tree trunk (12.30%), followed by 10.10% at 2 m away from 

the base of the tree trunk, and the lowest (9.60%) outside the 

canopy within the top soils. Considering soil depth, humidity 

increased with depth. At the tree trunk, values were 12.30%, 

19.70% and 18.60%; at 2 m away from the trunk, 10.10%, 

22.10% and 24.10% and outside 9.60%, 20.70% and 19.10% 

for 0 – 5 cm, 5 – 10 cm, and 10 – 20 cm respectively. 

3.1.7. Assessment of Soil Quality on a Pellic Vertisol 

soil quality refers to the capacity of a specific soil to func-

tion, within natural or managed ecosystem boundaries, to sus-

tain plant and animal productivity, to maintain or enhance wa-

ter and air quality, and to support human health and habitation 

[29]. According to Figure 5, three trends SQIs = IQSs = soil 

quality index for 0 – 5 cm layer; SQIsb = IQSsb = soil quality 

index for 5 – 10 cm layer; and SQIm = IQSm = soil quality 

index for 10 – 20 cm layer in assessment the inputs from Faid-

herbia albida are observed. 

 
Figure 5. Assessment the inputs from Faidherbia albida tree following depth and distance from tree trunk on a Pellic Vertisol quality. 

P1: soil at tree trunk, P’1: soil 2 m away from tree trunk, P”1: soil at 4 m away from tree trunk, at surface soil; P2: soil at tree trunk, P’2: soil 

2 m away from trunk, P’’2: soil outside the trunk at subsurface; P3: soil at tree trunk, P’3: soil 2 m away the trunk, P’’3: soil outside the tree 

in the subsurface soil. IQSs: soil quality index for surface soil (0 – 5 cm), IQSsb: soil quality index for subsurface soil (5 – 10 cm), IQSm: soil 

quality index for mineral soil (10 – 20 cm). 

Considering soils in the open field (P’’1. P’’2 and P’’3), as 

references outside the tree canopy influence, the soil quality 

index (SQI) or IQSs) in top soil (0 – 5 cm) regularly decreased 

as distance from tree trunk increased. It corresponded to 50.77 

at the tree trunk, follow by 38.54 at 2m away and 38.11 out-

side the canopy. In SQIsb) and SQIm) subsoils (5 –10 cm and 

10 – 20 cm), SQI increased as distance from the tree trunk 

increased. SQI values were 44.07 at the tree trunk, 44.11 at 

2m away, and 54.20 outside the tree canopy. In average, for 
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10 -20 cm, values were 39.26 at the tree trunk, 42.86 at 2 m 

away, and 52.09 outside the canopy. SQI1_1uF.A under F.A in 

surface soil (0 – 5 cm) is higher than SQI1_1OF.A. outside F.A. 

tree (SQI1_1uF.A. ˃  SQI1_1’OF.A). (SQI1_1uF.A. = 44.65; SQI1_1’OF.A. 

= 38.11) on a Pellic Vertisol within superficial layers (0 – 5 

cm). While on subsurface layers (5 -10 and 10 – 20 cm), 

SQI1_2uF.A ˂ SQI1_2’OF.A. (SQI1_2uF.A. = 44.09; SQI1_2oF.A.= 54.20) 

and SQI1_3uF.A. ˂ SQI1_3’oF.A. (SQI1_3uF.A. = 41.06; SQI1_3’oF.A. = 

52.09). F.A. tree has influence only on the superficial layer. It 

improves Pellic Vertisol quality under its cover within top 

soils (0 – 5 cm). 

3.2. Inputs from F.A. and Stone Walls on an 

Eutric Regosol 

As in the case of Pellic Vertisol, there were distinct vertical 

and lateral differences in several physico-chemical and phys-

ical properties: organic matter (OM), total nitrogen (TN), 

available phosphorus (P), potassium (K), temperature and hu-

midity levels under and outside Faidherbia albida tree. Asso-

ciated with stone walls along the slopes, relationships between 

the same physico – chemical and physical properties, dis-

tances away from the tree trunk, and soil depth were also high-

lighted (Figure 6). 

Table 5. Mean values of organic matter (OM), total nitrogen (TN), available phosphorus (P) and potassium (K) at different distances from 

tree trunk and soil depths (mean ± standard error; n = 9 samples). 

Distances (m) 

Away from trunk 
Depths (cm) OM (%) Total N (%) Available P (ppm) K (Cmol/kg) 

0 0 - 5 5.41 ±0.74 0.32 ±0.05 20.8 ±3.98 1.25 ±0.27 

 5 - 10 2.89 ± 0.74 0.14 ±0.05 6.57 ±3.98 0.28 ±0.27 

 10 - 20 2.51 ±0.74 0.10 ±0.05 5.80 ±3.98 0.20 ±0.27 

2 0 - 5 3.95 ±0.33 0.22 ±0.03 25.74 ±5.50 1.21 ±0.27 

 5 - 10 3.04±0.33 0.16 ±0.03 6.57 ±5.50 0.21 ±0.27 

 10 - 20 2.55 ±0.33 0.10 ±0.03 4.64 ±5.50 0.20 ±0.27 

4 0 - 5 2.24 ±0.13 0.10 ±0.00 3.47 ±0.21 0.21 ±0.03 

 5 - 10 2.33 ±0.13 0.11 ±0.00 2.69 ±0.21 0.07 ±0.03 

 10 - 20 2.75 ±0.13 0.01 ±0.00 2.69 ±0.21 0.06 ±0.03 

OM: organic matter; TN: Total nitrogen; av P: available phosphorus; K: potassium. 

3.2.1. Organic Matter 

Distribution of organic matter as a function of distances away 

from the tree trunk and soil depths was variable. Organic matter 

showed a sharp decreasing trend with increasing distances from 

tree trunk to the open field. Organic matter content was higher 

(5.41%) at the tree trunk (R2 = 0.69 β= -4.01) and sharply de-

creased (3.95%) at 2 m away from the trunk (R2 = 0.99; β = -

1.26) and finally 2.24% at 4 m outside the canopy. In terms of 

soil depths, organic matter content reduced regularly with depth. 

It decreased from 5.41% (0-5 cm) (R2 = 0.99 β = -1.26) to 2.89% 

(5 -10 cm) (R2 = 0.55 β = -3.94) and 2.51% (10 – 20 cm). 

3.2.2. Total Nitrogen 

Total nitrogen significantly decreased within both upper lay-

ers (0-5 and 5 – 10 cm) as the distance from the tree trunk in-

creased. It remained almost unchanged in the sub surface layer 

(10 – 20 cm), whatever the distance from the tree trunk. Total 

nitrogen was about 0.32% at tree trunk (R2 =0.72; β= -55.10) 

and sharply decreased (0.22%) at 2 m away from the trunk (R2 

= 0.96; β= - 121.67) and finally to 0.1% in the open field, out-

side the canopy. According to depth, it regularly decreased from 

upper layers to sub surface layers. It was recorded at the tree 

trunk equal to 0.32%, 0.14% and 0.1%; 2 m away from the trunk 

about 0.22%, 0.16% and 0.1% compared to the open field 

where it was 0.1% for the first two layers and 0.01% at 0 – 5; 5 

– 10 cm and 10 – 20 cm depths (Table 5 and Figure 6). Com-

pared to open field, the complex made with F. albida and stone 

walls contrbuted 220% and 120% of total nitrogen at the tree 

trunk and 2 m away from the tree trunk, respectively. 

3.2.3. Available Phosphorus 

Available phosphorus showed significant and irregular var-

iations within the surface soil layer (0 – 5 cm) while in the sub 

surface layers (5 -10 cm; 10 – 20 cm) only slight variations 

were recorded as a function to the distances from the tree trunk. 

It was about 20.8 PPm at the tree trunk (R2 = 0.62; β = - 0.71) 

and increased up to 25.74 PPm 2 m away from the trunk (R2 
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= 0.65; β= - 0.53) where it dropped to 3.47 PPm in the open 

field (Figure 6). In the subsurface layers, a slight decreasing 

trend was observed as distance from the trunk increased. The 

content of available phosphorus was equal at the tree trunk and 

2 m away from the trunk (6. 57 PPm) compared to the open 

field, where it dropped to 2.69 PPm within 5 to 10 cm layer. 

In the last sub surface layer (10 – 20 cm), it was 5.80 PPm, 

4.64 PPm and 2.69 PPm at tree trunk, 2 m away from the trunk 

and outside the tree canopy respectively. Thus, available phos-

phorus was higher under the tree canopy compared to the open 

field, where it considerably dropped. According to depth, 

available phosphorus content generally decreased as depth in-

creased. It decreased in the first two layers (0 – 5 and 5 – 10 

cm). At the three depths (0-5, 5-10 and 10 – 20 cm), it corre-

sponded to 20.8 PPm, 6.57 PPm and 5.80 PPm at the tree trunk 

respectively. At 2 m away from the trunk, it was about 25. 74 

PPm, 6.57 PPm and 4.64 PPm compared to the open field 

where it was 3.47 PPm and dropped to 2.69 PPm for the last 

two layers. 

 
Figure 6. Relationship between organic matter (OM), total N (TN), available Phosphorus (av P) and potassium (K) concentrations and dis-

tance (m) away from the Faidherbia albida trunk (m) and soil depth (cm) on an Eutric Regosol. 

M00: OM at tree trunk; MO1: OM as a function of depths; TNO: TN at tree trunk; TNO1: TN as a function of depths; KOO: potassium at tree 

trunk; KO1: potassium as a function of depths; av POO: available phosphorus at tree trunk and av PO1 available phosphorus as a function of 

depth. 

3.2.4. Potassium 

Potassium did not show significant differences between the 

tree trunk and 2 m away from the trunk, where it significantly 

dropped in the open field. It was about 1.25 Cmol/kg at the 

tree trunk (R2 = 0.64; β= -10.44), 1.21 Cmol/kg 2 m away from 

the trunk (R2 = 0.58; β= -10.12), and dropped to 0.21 Cmol/kg 

outside the canopy in the upper horizon. For both sub horizons 
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(5 – 10 and 10 – 20 cm), it corresponded to 0.28 Cmol/Kg at 

the tree trunk, and 0.21 Cmol/kg 2 m away the trunk, com-

pared to the open field where it sharply decreased to 0.07 

Cmol/kg. For the first sub layer, it was 0.20 Cmol/kg at the 

tree trunk and 2 m away from the trunk, where it drastically 

decreased to 0.06 Cmol/kg outside the canopy. With increas-

ing depth, potassium content regularly decreased from the top 

layer to the deeper ones. At the tree trunk it corresponded to 

1.25 Cmol/kg (R2 = 0.78; β = - 2.99), 0.28 Cmol/kg (R2 = 0.95; 

β = - 17. 93) and 0.20 Cmol/kg for the three corresponding 

depths (0 -5, 5 – 10 and 10 – 20 cm). At 2 m away from the 

trunk, it was about 1.21, 0.21 and 0.20 Cmol/kg while outside, 

it was 0.21, 0.07 and 0.06 Cmol/kg. In contrast with Pellic 

Vertisol, where potassium regularly decreased with distance 

from the tree trunk, here there were no significant differences 

between the tree trunk and 2 m away from the trunk. It was 

almost equal at both locations and significantly dropped in the 

open field, outside the canopy. 

Table 6. Influence of F.A. combined with stone walls on an Eutric 

Regosol under the canopy relative to the open area. 

Soil variables Effect size (RR) Mean (95% CI) 

pHw 1.14 (1.10 – 1.18)NS 

OM 1.66 (0.91 – 2.41)* 

Ca 1.44 (0.99 – 1.82)* 

Mg 1.03 (0.74 – 1.32)NS 

K 4.47 (3 – 5.95)* 

Na 1.83 (0.67 – 3)* 

TN 5.63(1.27 – 10)* 

P (olsen) 4.57 (1.72 – 7.42)* 

Humidity 1.49 (0.63 – 2.36)* 

Temperature 1.03 (1 -1.06)NS 

NS: indicate non significant; *indicate significant increases under 

canopy compared to open area. responses under canopy are not sig-

nificantly different from the open area if the 95% CI of RR encom-

pass 1. Figures in parenthesis are 95% confidence limits 

Comparatively to Pellic Vertisol, there were significant in-

creases in several soil properties under the tree canopy: OM, 

total nitrogen, exchangeable Ca, K, and Na, available P and 

humidity (Table 6). The improvement contributed by Faidher-

bia associated with stonewalls under the tree canopy, com-

pared to the open field was 141.5% for OM, 201.9% for total 

nitrogen, 89.35%, 495.2% and 93.3% for exchangeable Ca, K 

and Na respectively; 499.4% for available Phosphorus, and 

109.8% for humidity (Table 7). 

Table 7. Comparison of proportional deviation in percent (%) of 

some soil properties which were significantly increased under Faid-

herbia albida tree (Pellic Vertisol) or under F.A tree associated with 

stone walls (Eutric Regosol) compared to the corresponding open 

field. 

Soils properties Pellic Vertisol Eutric Regosol 

OM (%) 46.24 141.5 

Total N (%) 128.23 201.9 

Ca (Cmol/kg) - 89.35 

K (Cmol/kg) 254.29 495.2 

Na (Cmol/kg) - 93.3 

Available P (PPm) 270.85 499.4 

Hum (%) - 109.8 

OM: organic matter, Total N: total nitrogen, Hum: humidity 

According to [16], both soils types were in conditions of 

low soil fertility for OM, total N, K and available P (Pellic 

Vertisol); and OM, total N, available P, K, Ca, Na and humid-

ity (Eutric Regosol). Compared to the open field, Faidherbia 

albida had a positive influence on soil properties and signifi-

cantly improved fertility on Pellic Vertisol, despite slight, 

moderate and severe soil erosion at the tree trunk, 2 m away 

and outside the canopy respectively. These areas were rela-

tively exposed to run off or soil erosion. 

Soils along the slope and under the F.A. tree canopy were 

stabilized, and strongly protected by stone walls built by farm-

ers and by F.A. root system. Nutrient elements were supplied 

by Faidherbia albida tree and by weathering of rock frag-

ments. Erosion was slight under the canopy and moderate out-

side. These soils benefited from the positive influence of Faid-

herbia albida tree near the tree trunk (Table 7). This improve-

ment gradually decreased towards patches, outside the tree in-

fluence zone. 

3.2.5. pHw and Some Exchangeable Cations 

In contrast with Pellic Vertisol, pHw, Ca, and Mg were 

higher under the tree canopy than outside. These soil parame-

ters generally, decreased as the distance from the tree trunk 

increased. pHw ranged between 7.12 to 7.48 at the tree trunk 

and 2 m away under the canopy, compared to 6.4 in the open 

field within top soils (0 – 5 cm). Exchangeable Ca was 17.79 

Cmol/kg, 16.49 Cmol/kg and 9.39 Cmol/kg at the tree trunk, 

2 m away from the tree trunk and outside the canopy respec-

tively. Exchangeable Mg was 2.93 Cmol/kg, 5.21 Cmol/kg 

and 3.95 Cmol/kg at tree trunk, 2 m away the trunk and in the 

open field respectively (Table 8). 
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Table 8. Lateral and vertical variations of pHw and some exchangeable cations contents under and outside the Faidherbia Albida tree within 

Eutric Regosol (mean ±standard error, n = 9 samples). 

Distance from tree (m) Depth (cm) Temperature (°C) Humidity (%) 

Std. Dev.  0.99 6.04 

CV  0.03 0.33 

0 0-5 38.3±0.45 14.9±0.78 

 5-10 38.2±0.45 18.2±0.78 

 10-20 36.6±0.45 16.7±0.78 

2 0-5 36.8±0.29 16.8±2.17 

 5-10 36.4±0.29 25.5±2.17 

 10-20 35.6±0.29 23.8±2.17 

4 0-5 36.6±0.26 7.1±4.52 

 5 -10 36.1±0.26 16.2±4.52 

 10-20 35.5±0.26 26.3±4.52 

Std.Dev. standard deviation; CV: coefficient of variation. 

According to depth, pHw dynamics showed a contrasting 

trend with Pellic Vertisol. It regularly decreased as depth in-

creased whatever the position of the tree trunk. At the tree 

trunk it was respectively 7.12, 7.05 and 6.8 for the three depths 

(0-5. 5- 10. and 10 – 20 cm). At 2 m away from the trunk it 

corresponded to 7.48, 7.26 and 7.2. Outside the canopy, it did 

not show any significant variation. It was respectively 6.4, 

6.15 and 6.17 for the above mentioned depths. Exchangeable 

Ca sharply decreased as depth increased under the tree canopy 

as compared to the open field, where in contrast, within the 

three layers, the amount of exchangeable Ca increased with 

depth. It was about 17.79 Cmol/kg, 14.43 Cmol/kg and 14.64 

Cmol/kg at the tree trunk respectively for the three depths (0 -

5, 5 – 10 and 10-20 cm). At 2 m away from the tree trunk, it 

corresponded to 16.49 Cmol/kg, 16.06 Cmol/kg and 15.99 

Cmol/kg for the above-mentioned depths. Outside the tree 

canopy, it was 9.39 Cmol/kg, 10.81 Cmol/kg and 14.72 

Cmol/kg for the three corresponding depths. Although signif-

icant variations were not observed for exchangeable Mg, this 

element was more concentrated under the tree canopy than in 

the open field. Outside the canopy, it showed the same trend 

with exchangeable Ca in the open field; i.e. 

It increased as depth increased. 

3.2.6. Temperature and Humidity 

Analysis of variance for soil temperature in this site re-

vealed that there were no significant variations in temperature 

among different locations under and outside Faidherbia al-

bida tree. Within Eutric Regosol, temperatures varied between 

36.8°C to 38.3°C, respectively at 2 m and at the tree trunk 

(Table 9) as compared to Pellic Vertisol where it was recorded 

between 31.1°C and 35.7°C at the tree trunk and 2 m away 

within top soils (0-5 cm). Outside the tree, in the open field, it 

was estimated at 36.6°C on Regosol while it was about 

43.80°C on Pellic Vertisol. Humidity was between 9.60% to 

24.10% on Pellic Vertisols, while it varied between 7.1% and 

26.3% on Eutric Regosol, where farmers had built stone walls 

and kept them in place before every growing seasons. 

Table 9. Average soil temperature (°C) and humidity (%) measurements at the time of sampling under and outside the Faidherbia albida tree 

on an Eutric Regosol at 5, 10 and 20 cm depth soils (n = 9 samples). 

Distance from tree (m) Depth (cm) Temperature (°C) Humidity (%) 

Std. Dev.  0.99 6.04 

CV  0.03 0.33 

0 0-5 38.3±0.45 14.9±0.78 

 5-10 38.2±0.45 18.2±0.78 
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Distance from tree (m) Depth (cm) Temperature (°C) Humidity (%) 

 10-20 36.6±0.45 16.7±0.78 

2 0-5 36.8±0.29 16.8±2.17 

 5-10 36.4±0.29 25.5±2.17 

 10 - 20 35.6±0.29 23.8±2.17 

4 0-5 36.6±0.26 7.1±4.52 

 5 -10 36.1±0.26 16.2±4.52 

 10-20 35.5±0.26 26.3±4.52 

Std.Dev. standard deviation; CV: coefficient of variation 

3.2.7. Assessment of an Eutric Regosol Quality 

According to Figure 7, three trends SQIs = IQSs (soil qual-

ity index for 0 – 5 cm layer), SQIsb = IQSsb (soil quality index 

for 5 – 10 cm layer) and SQIm = IQSm (soil quality index for 

10 – 20 cm layer) assessing inputs from Faidherbia albida tree 

associated with stone walls on soil quality were recorded. 

Considering soils in the open field (P’’1, P’’2, P’’3), outside 

the Faidherbia albida canopy as control, soils at the tree trunk 

and 2 m away the trunk were of best quality. Those at 2 m 

away from the trunk were by far the best. For surface soils (0 

-5 cm), soil quality index (SQI) was about 89.23 and 91.98 

respectively at tree trunk and 2 m, as compared to the open 

field (62.16) outside the canopy. For subsurface layer (5 -10 

cm), it was 75.80 and 82.05 respectively at the tree trunk and 

2 m away from the trunk, as compared to 64.25 in the open 

field. Within deep soils (10 -20 cm), 73.09 and 81.61 were 

respectively recorded at the tree trunk and 2 m away from the 

trunk as compared to the open field (72.19). 

 
Figure 7. Assessment of inputs from Faidherbia albida associated with stone walls following depth and distance from tree trunk on Eutric 

Regosols quality. 

P1: soil at tree trunk, P’1: soil 2 m away from tree trunk, P’’1: soil 4 m away the tree trunk on surface soil (0 – 5 cm); P2: soil at tree trunk, 

P’2: soil 2 m away the tree trunk, P’’2: soil 4 m away the tree trunk for subsurface layer (5 – 10 cm); P3: soil at tree trunk, P’3: soil 2 m away 

the trunk and P’’3: soil 4 m away the tree trunk for subsurface layer (10 – 20 cm). IQSs: soil quality index for surface soil (0 – 5 cm), IQSsb: 

soil quality index for subsurface soil (5 – 10 cm), IQSm: soil quality index for subsurface layer (10 – 20 cm). 

Soil quality index is higher in soil under F.A. tree compared 

to those outside. This result suggests that soil under F.A. are 

of better quality, especially those at 2 m away from the tree 

trunk. SQI2_1uF.A. ˃˃ SQI2_1’oF.A. (SQI2_1uF.A. = 90.61; 

SQI2_1’oF.A. = 62.16). SQI2_2uF.A. ˃ SQI2_2’oF.A. (SQI2_2uF.A. = 

78.92; SQI2_2’oF.A. = 64.25). SQI2_3uF.A. ˃ SQI2_ 3’oF.A. 

(SQI2_3uF.A. = 77.35; SQI2_3’oF.A. = 72.19). Because of associa-

tion with stonewalls, soil temperature was mitigated and soil 

humidity was conserved for the long period of times within 

the whole plow layer (0- 20 cm). Consequently, soil quality 

was improved up to 20 cm depth. 

4. Discussion 

4.1. Inputs from F.A. on Pellic Vertisol Along 

the Plain 

4.1.1. OM, TN, P and K 

OM, TN, available P, and K generally followed the pattern 

of higher concentration under the canopy compared to open 

http://www.sciencepg.com/journal/earth


Earth Sciences http://www.sciencepg.com/journal/earth 

 

151 

field in semi-arid areas [2, 15, 16, 22, 35]. Studies conducted 

in the drylands of Kenya demonstrated that SOM and total Ni-

trogen are directly related to the amount of plant residues in 

the soil. Their higher concentration under the canopy com-

pared to the open field could be associated with higher OM 

from leaf litter fall and dead tree roots [4]. According to [16] 

while assessing the magnitude and spatial extent of F.A. tree 

influence on soil properties in drylands, these soils might be 

in conditions of low fertility for those nutrient elements, as 

F.A. tree has considerably improved soil for those elements 

within its area of influence. In addition, he demonstrated that 

the “albida effect” was remarkable where the soil by itself is 

not able to satisfy the nutrient demand of crops. These nutrient 

elements could be released while litter from tree canopy un-

dergoes microbial decomposition followed by mineralization 

and release of simple products into the soil. Furthermore, the 

decreasing trend in SOM, total N, available phosphorus and 

potassium with depth is in agreement with the results of [4]. 

In their study on the traditional practices, they reveal a de-

crease of these elements of soil as a function of depth in the 

drylands of Eastern Kenya. This could be firstly ascribed to 

the accumulation of tree residues and root fragments at the soil 

surface layer and secondly to nutrient uptake from greater soil 

depths by these trees, followed by their return to the soil sur-

face through litter fall, which concentrates them near the sur-

face. 

Being major nutrient elements, total N, available P, and K 

levels play a decisive role in estimating the amount of ferti-

lizer to be applied for a specific crop requirement at a site [22]. 

Their improvement through inputs from F.A. constitutes the 

best alternative for this area. 

OM here falls within the interval of low to moderate content 

[36, 37]. Consequently, soils have low to moderate structural 

condition and structural stability. Improvement in OM under 

F.A. canopy is expected to improve aggregate stability, reduce 

bulk density, increase infiltration rates and water availability 

[16] and reduce run off and then phenomenon of soil erosion. 

Within farmland, when the latter phenomenon has not yet be-

come severe, a farmer may not even realize that a problem 

exists. That does not mean that crop yields are unaffected. Ac-

cording to studies conducted in three Midwestern soils in the 

United States, yield could decrease by 5 – 10% when only 

moderate erosion occurs. Yield may decrease by 10 – 20% or 

more with severe erosion. The results of studies conducted in 

Mambang II on Pellic Vertisol under and outside the canopy, 

in reference to Schertz et al. (1985) in [38]; evaluating the con-

tribution of the F.A. tree in protecting Pellic Vertisol against 

erosion shown in Table 10 indicated that, erosion severely af-

fects OM content and humidity outside the canopy. Here, soils 

are bare and consequently exposed to erosion and evapotran-

spiration. At 2 m from the tree trunk, they are moderately af-

fected by erosion, and at the tree trunk, the negative impact of 

soil erosion remains slight because of the higher level of OM 

recorded and the protection exerted by the tree canopy. 

Table 10. Contribution from F.A. tree in conservation of Pellic Vertisol against the phenomenon of erosion. 

Distances Away from trunk (m) Organic matter (%) humidity (%) Erosion 

0 3.094 12.30 Slight 

2 2.24 10.10 moderate 

4 1.45 9.60 severe 

 

4.1.2. pHw, Ca and Mg 

In contrast to the above-mentioned macro nutrient elements, 

pHw, Ca and Mg were high outside the tree canopy and par-

ticularly important in subsoil layers (5 -10 cm and 10 – 20 cm) 

compared to top soil (0-5 cm) under the canopy. These results 

are in accordance with those obtained in semi-arid areas (Ethi-

opia and Kenya’s drylands) [4, 22, 35] indicating that, F.A. 

trees did not significantly influence soil pHw values. However, 

they are in contrast with several reports from semi-arid areas 

of Malawi and Niger [11, 15]. There, these elements gradually 

declined with greater distance from the tree. Referring to stud-

ies conducted in drylands by several authors [2, 16], this could 

be attributed to the saturated fertility effect by pHw and ex-

changeable cations. This means that the soil itself satisfies the 

nutrient demand of crops for those elements. Soils under the 

tree canopy were acidic to slightly acidic compared to outside, 

where they were neutral (Table 3). [15] also argued that the 

decrease in soil pHw near the tree trunk was related to increase 

soil phosphorus (P) availability, considering soil phosphate 

deficiency as the most limiting factor to agricultural produc-

tion in semi-arid west Africa. It is also argued that the lower 

soil pHw near the tree trunk could be due to acid production 

by deep roots. This acid releases H+ protons during absorption 

of positively charged basic cations [4]. 

4.1.3. Temperature and Humidity 

The increase in soil temperature with increasing distance 

from the tree trunk is consistent with several reports [2, 16], 

which demonstrated that interception of radiation and rainfall 

by foliage allows trees canopies to moderate soil temperature 
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[2]. The reverse phenology of this tree species, which allows 

crops to grow under its canopy during the rainy season, main-

tains favorable microscale hydrological processes around the 

tree [16]. The lower temperature under the tree canopy could 

largely be due to shade effects. The difference in soil temper-

ature under and outside the canopy further illustrates the fac-

tors influencing soil properties under F.A. tree canopy and 

outside [22]. The variation in temperature with depth could be 

explained by the Sahelian climate, which generate high tem-

peratures in top soils, while temperature decreases with in-

creasing depth due to humidity retained by complexes formed 

with soil organic matter and heavy clay of the lowland Ver-

tisol [39]. Since soil properties are temperature dependent, 

temperature increases organic matter decomposition within 

the range of 2°C and 38°C. Between 10°C and 28°C, the ac-

tivity of enzymes degrading polymeric organic matter accel-

erates, increases soil respiration and nitrogen mineralization 

rates. In addition, it increases between 25°C and 39°C leads to 

increase soil pH, and between 5°C and 25°C phosphorus lev-

els [34]. 

In contrast to soil temperature, soil humidity decreased as 

the distance from tree trunk increased in the top soil. These 

results agree with [11] who found that soil humidity increases 

in surface alluvial soils on the lakeshore plain of central Ma-

lawi. Trees canopies moderate soil humidity by reducing wa-

ter loss through evaporation and crop transpiration. With 

depth, soil humidity increases because surface horizons are 

more exposed to evapotranspiration than subsurface soils lay-

ers in semi-arid climate. The contrasting trend between soil 

temperature and soil humidity was also highlighted by [34] 

who found that, an increase in soil temperature decreases soil 

humidity content and increases soil aeration. 

4.1.4. Assessment of Pellic Vertisol Quality 

Variations of SQI according to distance from the tree trunk 

in top soil show that soil quality decreased with increasing dis-

tance from tree trunk. Variations in subsurface layers in-

creased as distance from tree trunk increased suggesting that 

only top soils are impacted by inputs from Faidherbia albida 

tree. The best quality of top soils under the tree canopy com-

pared to the open area could be due to higher organic matter 

content [40]. From 5-10 cm depth, soils outside tree canopy 

are of best quality compared to those under canopy. Therefore, 

the best quality of subsoil here is not dependent on inputs from 

F.A. tree but could be related to the mineral fraction defining 

the nature of soils (Pellic Vertisol), whose characteristics are 

functions of parent material. 

4.2. Inputs from Faidherbia albida and Stone 

Walls on an Eutric Regosol Along the Slope 

4.2.1. OM, TN, P, and K 

The distribution of OM with depth corroborates with [38] 

who demonstrated that soil organic matter is more important 

in the surface layer than in the subsurface. It is one of the main 

reasons why topsoils are more productive than subsoil. F.A. 

tree combined with stone walls seems to have protected soils 

of steep slopes from erosion, as confirmed by [40], who found 

that vegetation is an alternative technology to stabilize slopes 

and control soil erosion. The root system has significant ef-

fects on slope instability through mechanical reinforcement of 

soil. In reference to studies conducted in three Midwestern 

soils in the United States, yield on these Eutric Regosols may 

decreased by 5 to 10% because of moderate erosion outside 

the canopy. At the tree trunk and at 2 m away from the tree, in 

accordance with Schertz et al. (1985) in [38] (Table 11), ero-

sion slightly affected organic matter and humidity. Barriers 

formed with stone walls around tree species stabilized organic 

matter inputs from decomposing litter and decaying roots of 

Faidherbia albida. Thus, these results could be explained by 

the system of stone walls constructed by farmers that pro-

tected soils against erosion and then depletion of organic mat-

ter and nutrients elements. 

Table 11. Effects of F.A. tree with stone walls on erosion within an Eutric Regosol. 

Distances away from trunk (m) Organic matter (%) Humidity (%) Erosion 

0 5.41 14.9 Slight 

2 3.95 16.8 Slight 

4 2.25 7.1 moderate 

 

Variations of OM, total N and available phosphorus as a 

function of the tree trunk and depth are similar. They decrease 

with increasing distance from tree trunk and soil depth. These 

findings are consistent with [4] in the drylands of eastern 

Kenya, who showed that soil organic matter and nitrogen con-

tent are directly related to the amount of plant residues in the 

soil. Moreover, higher total nitrogen values could be associ-

ated with higher OM from leaf litter fall and dead tree roots. 

Higher phosphorus content under tree canopies and in surface 

http://www.sciencepg.com/journal/earth


Earth Sciences http://www.sciencepg.com/journal/earth 

 

153 

layers could be partly associated with phosphorus uptake from 

greater soil depths by trees, followed by return to soil surface 

through litter fall, which concentrates nutrients near the soil 

surface. The distribution of K in equal amount at the tree trunk 

and 2 m away from trunk showed that the complex formed by 

F.albida and stone walls significantly improved potassium 

content through litter fall and similar conditions of microbial 

decomposition and mineralization at both distances (at the tree 

trunk and 2 m) from the tree trunk. Furthermore, potassium 

content was much higher in Eutric Regosol than in Pellic Ver-

tisol, probably due to weathering of rock fragments compos-

ing the stone walls. [16], when evaluating the magnitude and 

spatial extent of F.A. effects on soil properties also underlined 

these significant increases in nutrient elements. Despite their 

position along the slope, they were more fertile than Pellic 

Vertisol on the plain. They contained more than three times 

OM and at least twice total N, K and P (Table 7). This enrich-

ment is explained by the simultaneous supply of nutrient ele-

ments from the F.A. and the ongoing weathering of rock frag-

ments composing stone walls. Weathering of amphibolite 

fragments [12] could be probably the main source of ex-

changeable cations (Ca, K and Na). The stone walls and F.A. 

stabilize the slope, protected soils against run off and evapo-

transpiration and allow conservation of nutrient elements and 

soil humidity. 

4.2.2. pHw and Some Exchangeable Cations 

OM, total N, available P and K on the one hand, pHw, Ca 

and Na on the other hand, followed the pattern of higher con-

centration under the canopy as compared to the open field. 

These elements could be simultaneously contributed by F.A. 

tree through decomposition of litter fall and from superficial 

weathering of rock fragments that composed stone walls and 

cover the soils. Moreover, according to [40], part of polyva-

lent cations could be provided from the root system of F.A. 

with the aim to bind fine particles into macro aggregates and 

enhance soil erosion resistance. These Regosols, in reference 

to [16], could be in conditions of low fertility for OM, total N, 

available P and K. Ca and Na were probably contributed from 

superficial weathering of rock fragments and root system un-

der the tree canopy. This superficial weathering could be fa-

vored by combined actions of dry air in this Sahelian area, the 

mechanical and chemical actions of F.A. roots, enzymes and 

water from rain during the rainy season. These processes ena-

bled the release of exchangeable cations (Ca, Na) and then im-

proved pHw within the topsoil close to F.A. tree. This pHw 

was neutral under the tree canopy and slightly acidic outside. 

4.2.3. Temperature and Humidity 

Soil humidity and soil temperature are related so that an in-

crease in soil temperature leads to a decrease in soil humidity 

content [34]. Variations in soil temperature and humidity 

within both soils 

could be explained by the nature of their superficial layers. 

On Eutric Regosol, soils were covered with F.A trees, rock 

fragments and surmounted with stone walls. These soils along 

the slope would be more exposed to evapotranspiration than 

Pellic Vertisol and could rapidly lose water to the atmosphere 

if both covers (F.A. tree and rock fragments) were absents. 

Therefore, moderate soil temperature and high soil humidity 

could be explained by the shade generated by Faidherbia al-

bida trees, the rock fragment cover layer and the presence of 

stonewalls built all over this site. These conservation struc-

tures participated in stabilizing soils along the slope, lowering 

soil temperature and conserving soil humidity and nutrient el-

ements. Due to the complex formed by Faidherbia albida tree 

and stonewalls on Eutric Regosol, soil temperature was miti-

gated and soil humidity conserved for long periods within the 

whole arable layer. Consequently, soil quality along the slope 

was improved up to 20 cm depth, while on Pellic Vertisol on 

plain with the heavy clays, where inputs were from Faidher-

bia albida and relative accumulation of materials from slope, 

the improvement did not exceed 10 cm depth (Figure 5). 

4.2.4. Assessment of An Eutric Regosol Quality 

The significant improvement in soil quality on an Eutric 

Regosol under F.A. tree combined with stone walls corrobo-

rates the study by [40] who found that higher values of soil 

properties recorded under these soils compared to open areas 

lead to improvement of soil quality. Soil quality has improved 

in the entire plow layer (0-20 cm). Despite their position along 

the slope, Eutric Regosols are more fertile than Pellic Vertisol 

on the plain. They contain more than three times OM and at 

least twice total N, K and available P (Table 7). The fertility 

of these soils originates from superficial weathering of rock 

fragments, litter fall from F.A., uptake from deeper soil layers 

followed by return to the soil surface through and the root sys-

tem. 

Local knowledge that contribute to restore soil quality are 

the best alternatives to preserve the environment and fight 

against food insecurity and malnutrition. However, further 

studies within the same context in far North region with more 

vast area and high number of samples could better valorize 

these findings. 

5. Conclusion 

In the context of continuous cultivation in Sahelian areas 

characterized by erratic rainfall that declines over time, soils are 

exposed to erosion, compaction and face low water retention 

and multiple nutrient deficiencies. Under rapid population 

growth and heavily dependence on agriculture with limited re-

sources, this study reveals that agroforestry through F.A. tree 

and local knowledge using stone walls naturally improved soil 

quality on Pellic Vertisol located on the plain and Eutric Rego-

sol located along the slope. These practices represent the best 

alternatives for areas of low economic resources. The inputs are 

more pronounced in the superficial layer under F.A. compared 

to open field on Pellic Vertisol. On Eutric Regosol, the effect 

reaches up to 20 cm depth, especially at 2 m away and at the 
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tree trunk, compared to open field. Pellic Vertisol have low to 

moderate structural condition and structural stability. They are 

subjected to light to moderate erosion under F.A. canopy com-

pared to outside, where severe erosion was recorded. Eutric 

Regosols have moderate to high structural condition and struc-

tural stability, which are protected against erosion. The complex 

formed by F.A. with stone walls on Eutric Regosols reduces soil 

temperature and improves soil humidity, resulting in no signif-

icant difference with Pellic Vertisol. Eutric Regosol benefit 

from inputs of F.A. tree, weathering of abundant rock fragments, 

stone walls construction and protection barrier from latter stone 

walls, are of better quality compared to Pellic Vertisol benefit-

ing from inputs of F.A. tree and relative accumulation of mate-

rial down slope. Accordingly to the soil quality index, only 

crops with low rooting system could benefit from inputs of F.A. 

on Pellic Vertisol. Despite the slope and abundance of rock 

fragments that make soils difficult to work, crops with deep 

rooting systems benefit from the combined effect of complex 

made up with F.A. and stone walls. 
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