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Abstract 
 

Aims: The overall objective of this study was to assess the effect of different densities of tree 
dominated by V. paradoxa and dendrometric parameters on the selected soil physical properties.  
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Study Design: This study was conducted in the municipality of Sapone (12.03´N, 1.43´W) located 
30 km south of Ouagadougou, Burkina Faso. 
Place and Duration of Study: The experimental design was made of 20 plots randomly. The 
studied factor was the tree density (D) in each of our plots, with 5 tree density levels being 
designed. The first density class (D1) was 0 trees/ha, i.e. 0 tree in the plot, the second was 16 
trees/ha, i.e. 4 trees in the plot (D2), the third was 28 trees/ha, i.e. 7 trees in the plot (D3), the 
fourth was 36 trees/ha i.e.  9 trees in the plot (D4), and finally the fifth was 48 trees/ha i.e. 12 trees 
in the plot (D5). Each density class is repeated four times. In each plot, 9 subplots were set up for 
evaluating water infiltration, bulk density, soil moisture and texture. Study was conducted in            
2023. 
Results: the results showed that tree densities levels affected the soil texture. The sand content in 
plots with trees was much higher than that in plots without trees. On the other hand, the silt and 
clay content was much higher in plots without tree compared to those with trees. Shea dominated 
tree density affected significantly soil water infiltration speed (P ≤ 0.001). The average soil 
infiltration rates were higher in fields with trees densities (16 trees/ha, 28 trees/ha, 36 trees/ha and 
48 trees/ha) with average values between 3.02 and 3.64 L/h than those in fields without tree 
density (0 trees/ha) with an average value of 1.65 L/h.  
Conclusion: This research is a contribution to better understanding soil-plant relationships in Sub-
Saharan African agroforestry parklands. It providing information on the expression of soil physical 
properties in the most widespread parklands according to different levels of tree densities.  
 

 
Keywords: Agroforestry parklands; bulk density; Burkina Faso; tree cover; water infiltration. 

 

1. Introduction 
 
Agroforestry Parklands System (APS) are land 
use systems in which perennial woody plants are 
deliberately conserved in association with crops 
and or livestock in a dispersed spatial 
arrangement (Bonkoungou et al., 1993). 
Parklands are organized and structured based 
on the managers and user’s vision and needs. 
The APS are found in most West African 
countries (Boffa, 1999).  APS provides 
ecosystem goods and services to local 
communities particularly food and fodder for 
human and animals and ecological functions 
(Bayala et al., 2014). The ecosystem services 
provided by APS largely dependent on the trees 
that make up the system. In Burkina Faso, the 
trees species found in these systems vary, 
depending on the location. Vitellaria paradoxa 
Gaertn. of the Sapotaceae family, commonly 
known as karité in French and Shea tree in 
English are the most common local species 
(Bazié et al., 2012; Yaméogo et al., 2019). V 
paradoxa makes these agroforestry Parklands to 
be a source of non-timber forest products, food 
and additional income for farmers and users 
particularly for women (Pouliot et al., 2012; 
Koueta et al., 2023; Bayala et al., 2008, 2011). 
However, they can also compete with annual 
crops for growth resources, particularly in the 
Sahel, where soil is poor, rainfall is low, and not 
distributed evenly. Many studies reported crop 
yield reduction under trees (Bayala et al., 2002; 

Bazié et al., 2012). Recently, there has been a 
notable decline in tree cover in these systems in 
response to light competition between trees and 
crops. Therefore, it is important to define the 
optimal density of this species in parkland, taking 
into account the trade-offs between crop 
productivity and ecosystem functions. The 
presence of shea tree also contributes to 
reducing soil degradation, protecting soil from 
erosion, improving soil water conservation and 
soil fertilization (Hien, 2022; Sanou et al., 2022; 
Koueta et al., 2023). Soils in semiarid West 
Africa zone are typically sensitive and vulnerable 
to degradation particular runoff, which is mainly a 
result of their low structural stability (Bationo et 
al., 2007). Studies demonstrate that tree cover 
has a strong influence on soil and groundwater 
recharge through the alteration of various 
components of the hydrological cycle, including 
interception, transpiration, soil infiltration, and 
preferential flow (Fan et al. , 2014; Tobella-
Bargues et al. 2014, Ilstedt et al., 2016) and this 
is attributable to the role trees play in improving 
soil infiltrability and preferential flow, mainly by 
enhancing macroporosity through root and faunal 
activity (Tobella et al., 2014; Ilstedt et al., 2007). 
 
The effect of trees on water infiltration was also 
investigated. Authors agree that water infiltration 
increased with increasing distance from the tree 
trunk (Zomboudré, 2009; Sanou et al., 2010 and 
Revell et al, 2022).  All these studies were 
conducted based on woody plants and its 
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immediate environment in agroforestry 
Parklands. These studies focused also on the 
density of shrub-type trees or low-frequency 
trees in agroforestry Parklands. Thus, beyond 
this knowledge, further research is needed to 
provide more understanding especially the 
influence of the most frequent and dominant 
species in agroforestry Parklands in sub-Saharan 
Africa. Few studies to our knowledge except 
Koala et al. (2021) and Gnissien et al. (2023) has 
examined the effect of tree density on water 
infiltration in parkland in a semi-arid tropical 
environment. Within the context of adaptation to 
climate change, it is therefore highly relevant to 
investigate the potential impacts of the tree 
density on soil proprieties particular to water 
infiltration. Therefore, our investigation focuses 
on understanding the effect of tree density and 
dendrometric parameters of trees dominated by 
Vitellaria paradoxa Gaertn. f. on soil physical 
properties. The overall objective of this study was 
to assess the effect of differents densities of tree 
dominated by V. paradoxa and dendrometric 
parameters on the selected soil physical 
properties.  
  

2. Materials and Methods  
 

2.1 Study Area  
 
This study was conducted in agroforestry 
Parklands in the Sudano-Sahelian zone, 
specifically in the municipality of Saponé 
(12o03´N, 1o43´W, altitude 200 m.a.s.l) located 
30 km south of Ouagadougou, the capital city of 
Burkina Faso, West Africa (Fig. 1). The climate is 
of Sudano-Sahelian type, with rainfall ranging 
from 600 mm to 900 mm. There is a single rainy 
season marked by intermittent rains starting from 
May, heavy rains starting from June and ending 
in October. This area is characterised by cold 
and dry winds (harmattan).  
 
Soils in Saponé consist of two (02) subgroups 
belonging to soils class with iron and/or 
manganese sesquioxides (Coulibaly et al., 2018; 
Daniel, 2002; Derivry, 2019). These soils are 
hardened leached tropical ferruginous ones and 
leached tropical ferruginous soils with patches 
and concretions. Physical properties of these 
soils are characterised from the top layer with 7% 
clay, 19% silt, 74% sand and 0.8% organic 
matter.  Soils in the studied agroforestry 
Parklands are sandy-loamy regosols according 
to the FAO classification, shallow (averaging 
about 60 cm deep) and very low in nutrients 
(Bayala et al., 2002; Ouoba et al., 2023, 2018).  

Based on the classification of Fontes and Guinko 
(1995), vegetation in the municipality of Saponé 
is characteristic of the North Sudanese one in 
which trees and shrub savannahs were 
observed. Furthermore, riparian formations along 
watercourses, often associated with perennial 
herbaceous plants were found in this area.  The 
plant species found are local fruit and exotic 
species, local species for domestic and medicinal 
uses, and those of forest. Thus, these species 
include P. biglobosa, V. paradoxa, F. albida, S. 
birrea, B costatum (Bazié, 2013; Ouédraogo, 
2018; Iro et al.,2016). 
 

2.2 Plant Materials 
 
The perennial woody plants in the agroforestry 
Parklands consisted mainly of V paradoxa. A 
preliminary inventory was carried out across the 
entire site to determine areas of high and low 
tree density of Shea trees. Based on that, our 
plots were allocated by considering all 
possibilities offered by the parkland. 
 
The inventory of the existing woody plants of 
Bazie, (2013) and Ouedraogo, (2018) in the 
same site of Sapone with our inventory of the 
existing woody plants in the studied plots reveals 
the same species. We have the presence of 
eight (08) species divided into six (6) families. 
The most represented families in terms of 
species number and importance are 
Mimosaceae and Anacardiaceae with two 
species. Other families are represented by a 
single species, namely Sapotaceae, 
Combretaceae, Verbenaceae and Meliaceae. 
Vitellaria paradoxa Gaertn. f. appeared to be the 
species with the highest number of             
individuals.   
 

2.3 Experimental Design 
 
This experiment was set up during April 2023. 
Thus, the setup consisted of twenty plots 
randomly set up, each measuring 50 m x 50 m 
(2,500 m²). The studied factor was the tree 
density (D) in each plot, with five tree densities 
levels being designed. These five progressive 
levels of tree density were chosen based on 
inventory data in the area. The first density class 
(D1) was 0 trees/ha, i.e. 0 tree in the plot, the 
second was 16 trees/ha, i.e. 4 trees in the plot 
(D2), the third was 28 trees/ha, i.e. 7 trees in the 
plot (D3), the fourth was 36 trees/ha i.e.  9 trees 
in the plot (D4), and finally the fifth was 48 
trees/ha i.e. 12 trees in the plot (D5) (Figs.1 and 
2). Each density class is repeated four times. 
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Fig. 1. Study area and location of our study plots in Sapone, Burkina Faso
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D5 

 
Fig. 2. Diagram of a repetition of the experimental set-up 

D1: plot of first density class; 0 tree/ha, D2: plot of second density class; 16 trees/ha, D3: plot of third density class; 28 trees/ha, D4: plot of fourth density class; 36 trees/ha, 
D5: plot of fifth density class; 48 trees/ha 

 
Table 1. Dendrometric parameters according of the studied trees to different level density 

 

Dendrometric Parameters D1 D2 D3 D4 D5 

Average height (m) 0±0 9.36±0.57 8.80±0.573 8.38±0.43 8.41±0.43 
DBH (cm) 0±0 52.77±5.26 46.88±4.32 40.94±3.02 39.60±2.95 
Basal area ( m²/ha) 0±0 40.62±1.13 58.61±1.25 55.40±1.1 77.50±1.64 
Tree Crown area ( m²) 0±0 366.20±6.52 548.17±18.55 619.31±16.74 915.22±10.08 
Tree cover (%) 0 14.56 21.96 24.99 36.45 
D1: plot of first density class; 0 tree/ha, D2: plot of second density class; 16 trees/ha, D3: plot of third density class; 28 trees/ha, D4: plot of fourth density class; 36 trees/ha, 

D5: plot of fifth density class; 48 trees/ha, DBH: diameter at breast height
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The position of the trees in each plot and from 
one repetition to another is random. The tree 
layer is the result of farmers' selection and 
retention of these trees after clearing natural 
woodlands for cultivation and through Farmers’ 
Managed Natural Regeneration (FMNR) on 
cultivated fields (Boffa, 1999; Togbévi et al., 
2022; Vandana et al., 2023; Yasin et al., 2021). 
 

V. paradoxa was the main and dominant species 
in our 20 plots. The tree height in density levels 
ranged from 8.38±0.43m to 9.36±0.57m (Table 
1). As for diameter at breast height (DBH), it 
varied from 39.60±2.95 cm and 52.77±5.26 cm. 
The Tree canopy cover ranged from 14.56% to 
36.45% (Table I).  
 

Within each 2,500 m² plot, nine (09) elementary 
subplots of 4 m² each (2m x2m) were set up 
giving a total of 180 subplots (Fig. 3). In each 
plot, the subplots were separated from each 
other by twenty-two meters (22 m). In these 180 
subplots, data of bulk density, soil texture, soil 
moisture and water infiltration were collected 
(Fig. 3). Thus, for each plot, the average value 
from the nine sub-plots represents the value of 
that plot.  
 

In order to access the direct effects of trees on 
various soil parameters, the distance from the 
center of each subplot to the nearest tree was 
first measured, and the 180 subplots were 
grouped into four types according to trees 
position in the plot. This allowed us to design 
subplots which were directly under the tree 

canopy (SUC: Subplots Under Canopy), those 
located outside the tree canopy but under the 
influence of tree shade (SSCI: Subplots Shadow 
Canopy Influence), those located outside the tree 
canopy without being under the influence of tree 
shade (SOC: Subplots Outside Canopy), and 
finally those in plots without trees (SWT: Subplots 
Without Tree influence). 

 
2.4 Data Collection 
 
2.4.1 Determination of Soil Particle Size 

Distribution and Bulk Density 
 
The soil particle size in each plot was obtained 
by first collecting soil samples from the 9 
subplots per plot (Fig. 3) at a depth of 0-30 cm 
using an auger. Collected samples were carefully 
packaged and labelled in plastic bags and 
brought to the laboratory for analysis. The 
particle size distribution was determined using 
three fractions: sand, silt and clay (Fournier et 
al., 2012; Bazie et al., 2018; Zaraee et al, 2016; 
Zoungrana, 2019). Soil samples were dried and 
then passed through different sieves with 
different mesh sizes. Each sieve corresponds to 
a fraction of soil texture. We selected the clay 
fraction less than 0.002 mm, the silt fraction 
between 0.002 mm and 0.063 mm, and the sand 
fraction between 0.063 mm and 2 mm. The 
percentage of each fraction was obtained by 
dividing the weight of the fraction by the total 
weight of the sample. 

 

 
 

Fig. 3. Diagram showing the plots distribution in the study plot for different measurements 
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The bulk density of the soil was obtained using 
the method described by Yoro and Godo, (1990). 
Thus, soil core samples were collected at a 
depth of 0-20 cm using 1570 cm³ cylinders in 
each subplot. These samples were then placed 
in an oven at 105°C for 24 hours and weighed 
again to obtain the dry weight of each core. Soil 
bulk density (ρ) expressed in g/cm³ was 
calculated using the following formula.  
 

  𝛒 =
𝐃𝐫𝐲 𝐰𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐭𝐡𝐞 𝐭𝐡𝐞 𝐬𝐨𝐢𝐥 𝐬𝐚𝐦𝐩𝐥𝐞(𝐠)

𝐓𝐨𝐭𝐚𝐥 𝐕𝐨𝐥𝐮𝐦𝐞 𝐨𝐟 𝐬𝐨𝐢𝐥 𝐬𝐚𝐦𝐩𝐥𝐞 (𝐜𝐦𝟑)
 

 

The soil moisture was determined twice. The first 
time was during the dry season in mid-April 2023 
and the second time was during the rainy season 
in mid-July after 48 hours of rainfall of at least 30 
mm. The water content was determined after 
taking soil samples in each subplot at a depth of 
0-30 cm using an auger according to the method 
described by Delalande et al., (2017). Moisture 
was obtained by calculating the difference 
between the weight of the soil sample in the field 
and after drying it in an oven, divided by the 
weight of the dried soil sample, multiplied by one 
hundred using the formula below. 
 

 𝐌 =
𝐰𝐞𝐢𝐠𝐡𝐭 𝐰𝐞𝐭 𝐬𝐨𝐢𝐥−𝐰𝐞𝐢𝐠𝐡𝐭 𝐝𝐫𝐢𝐞𝐝 𝐬𝐨𝐢𝐥

𝐰𝐞𝐢𝐠𝐡𝐭 𝐝𝐫𝐢𝐞𝐝 𝐬𝐨𝐢𝐥 
∗ 𝟏𝟎𝟎   

 

Where M is the moisture content (%); the weight 
of the soil sample in the field; the weight of the 
soil sample after drying. 
 

2.4.2 Evaluation of the Soil Water 
Infiltration 

 

The evaluation of water infiltration into the soil 
was performed in situ using the method 
described by Koala et al. (2014). This involves 
using a single-ring metal infiltrometer measuring 
30 cm in height with 20 cm diameter. For each 
measurement point, the cylinder is pushed 5 cm 
into the soil. Vegetation, debris from branches 
and leaves, and large stones inside the cylinder 
were removed without disturbing the soil surface. 
After setting the cylinder, a volume of 628 cm³ of 
water was first poured into it up to the 20 cm 
water level mark. Then, the first reading was 
realized after five minutes (5 min), and to 
carefully and to quickly refill the water to the 
mark after each reading. This 5-minute recording 
series was repeated six times, i.e. thirty minutes. 
The same procedure of reading and adding 
water up to the gauge mark was repeated for the 
10-minute series six times, i.e. one hour. Finally, 
the same procedure was repeated for the 20-
minute series, which were carried out three 
times, i.e. one hour. Knowing the water level at 

the start and at the time of reading in the 
cylinder, the volume of infiltrated water was 
calculated during the time interval considered. 
We then determined the cumulative infiltration, 
which is the amount of water in mm (fi) at each 
recording period by using the following formula: 
 

 𝑓𝑖(𝑡) = (HO − Hn) ∗ 𝑆𝑐   
 

Where fi(t) is the cumulative infiltration (in liters) 
for each time interval, Sc is the surface area of 
the cylinder, Hn is the water level at the end of 
the measurement period, and H0 is the water 
level at the start of the measurement. 
 

The infiltration rate, which is the ratio of the 
infiltrated volume to the infiltration time, is 
calculated using the formula  
 

 𝑉𝑖 =
𝒇𝒊(𝒕)

𝒕 
   

 

Where Vi(t) = is the infiltration rate in liter per 
hour (l/h) at each recording period, t = is the time 
of this period and fi(t) = is cumulative infiltration 
during this period (in l). 
 

2.4.3 Data Analysis 
 

Collected data were entered in Microsoft Excel 
version 2021, which was also used to create the 
graphs. Statistical analysis was performed using 
R software version 4.4.3. A Shapiro-Wilk 
normality test was first performed. Our data were 
not normally distributed. Then, an analysis of 
variance (ANOVA)with a non-parametric Kruskal-
Wallis test at 5% threshold was performed, 
followed by a post-hoc test, specifically Duun's 
test using the Bonferroni method, in order to 
compare the treatment means. Finally, we 
investigated the effect of tree density on water 
infiltration velocity and the relationships between 
tree dendrometric parameters and the soil 
physical parameters through linear regressions 
(Mahamane et al., 1997; Sanou et al., 2012; 
Sawadogo et al., 2019). 
 

3. Results and Discussion 
 

3.1 Results  
 

3.1.1 Effect of Tree Density on the Soil 
Bulk Density and Moisture in 
Agroforestry Parklands 

 
Statistical analysis of soil bulk density 
(P=0.3218) and soil moisture during the rainy 
season (P=0.517) revealed no significant 
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difference between tree densities (Table 2. 
However, soil moisture during the dry season 
was significantly different (P ≤ 0.0001) between 
tree densities.  The tree density D5 in the dry 
season had the highest soil moisture of 
1.07±0.07% compared to the other tree density 
(Table 2). 
 

Regression between soil bulk density and tree 
dendrometric parameters shows decreasing 
trends with regression coefficients ranging from 
0.00 to 0.49. The best regression                
coefficients were obtained with tree density,             
(R² = 0.49), and canopy cover, (R² = 0.42)             
(Fig. 4). 
 

3.1.2 Effect of Tree Density on the Soil 
Particle Size in Agroforestry 
Parklands 

 

The proportions of sand, silt and clay showed 
statistical differences depending on tree density 
(P˂0.05) (Table 3). The lowest proportion of sand 
was recorded in density D1 (62.11±2.14%) and 
the highest in density D5 (75.93±0.86%). 
Regarding to silt, the lowest proportion was 
obtained in density D5 (16.12±0.66%) and the 
obtained highest value was 21.86±1.51% in 
density D1. In terms of clay, its proportion was 
16.03±1.22% for density D1 which was the 

highest value, and the lowest rate was found in 
density D5 (7.95±0.63%) (Table 3). 
 

The regression for clay content based on the tree 
dendrometric parameters for different density 
levels showed a downward trend (Fig. 5). The 
results show good relationships with tree 
dendrometric parameters, which explain between 
69% and 90% of soil texture. 
 

The various regression lines for silt content 
based on tree dendrometric parameters with 
regards to density levels showed a downward 
trend. However, the regression coefficients 
remain low (Fig. 6). The regression line based on 
tree density had the lowest regression coefficient 
value of 0.61. The highest regression coefficient 
value was 0.81 for the regression line of silt 
content based on basal area. 
 

In contrast to the clay and silt content, the 
regression lines between the sand content and 
the dendrometric parameters of the trees showed 
an upward trend. Overall, the regression lines 
had regression coefficients greater than 0.6.  The 
regression coefficients for the regression lines for 
sand as a function of diameter at breast height, 
tree height, basal area, canopy cover and density 
were 0.79, 0.85, 0.84, 0.74 and 0.63, 
respectively. 
 

Table 2. Comparison soil bulk density and soil moisture in according to tree density 
 

Tree Density Soil bulk density (g/ cm3) Soil moisture in 
dry season (%) 

Soil moisture in 
Rainy season (%) 

D1 1.58±0.02a 0.79±0.09b 6.33±0.62a 
D2 1.59±0.02a 0.60±0.03a 5.79±0.40a 
D3 1.56±0.04a 0.77±0.02b 5.32±0.37a 
D4 1.56±0.02a 0.66±0.05ab 5.64±0.58a 
D5 1.56±0.02a 1.07±0.07c 6.14±0.34a 
p-Value  0.322 ≤ 0.001 0.517 

D1: plot of first density class; 0 tree/ha, D2: plot of second density class; 16 trees/ha, D3: plot of third density 
class; 28 trees/ha, D4: plot of fourth density class; 36 trees/ha, D5: plot of fifth density class; 48 trees/ha., Values 

in the same column followed by the same letter are not significantly different at 5% threshold 
. 

 Table 3. Soil texture according to tree densities (Mean±SE) 
 

Tree densities Sand rate (%)  Silt rate (%)  Clay rate (%)  

D1 62.11±2.14a 21.86±1.51a 16.03±1.22a 
D2 73.44±1.21bc 17.59±0.85ab 8.96±0.65b 
D3 72.47±1.11bc 17.65±0.7ab 9.88±0.6b 
D4 70.40±1.4ab 19.17±1.07ab 10.43±0.62b 
D5 75.93±0.86c 16.12±0.66b 7.95±0.63b 
p-Value ˂0.001 0.03 ˂0.001 

D1: plot of first density class; 0 tree/ha, D2: plot of second density class; 16 trees/ha, D3: plot of third density 
class; 28 trees/ha, D4: plot of fourth density class; 36 trees/ha, D5: plot of fifth density class; 48 trees/ha, Values 

in the same column followed by the same letter are not significantly different at 5% threshold 
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Fig. 4. The relationship between soil bulk density and tree dendrometric parameters. (A) tree density, (B) tree height, (C) diameter at breast height, 
(D)Tree crown area, (E) basal area and (F) Tree cover 
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Fig. 5. The relationship between soil clay rate and tree dendrometric parameters. (A) tree density, (B) Average tree height, (C) diameter at breast 

height, (D) Tree crown area, (E) basal area and (F) Tree cover  
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Fig. 6. The relationship between soil silt rate and tree dendrometric parameters. 
(A)Tree density, (B) Average tree height, (C) diameter at breast height, (D) Tree crown area, (E) basal area and (F) Tree cover 
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Fig. 7. The relationship between soil sand rate and tree dendrometric parameters. (A)Tree density, (B) Average tree height, (C) diameter at breast 
height, (D) Tree crown area, (E) basal area and (F) Tree cover
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3.1.3 Effect of Trees on the Soil Water 
Infiltration  

 

3.1.3.1 Effect of Trees Proximity on the 
Water Infiltration 

 

Analysis of the curves showed variation in the 
water infiltration velocity based on the tree 
position. This revealed significant differences 
between infiltration in plots with woody 
vegetation and that in plots without woody 
vegetation (Fig. 8). However, the curves showed 
that there was no difference (P>0.05) in the 
evolution of water infiltration velocity in plots with 
trees and according to the position of the 
measurements in relation to the tree (outside the 
tree canopy, under the canopy and under the 
influence of shade from the tree canopy) (Fig. 8). 
The four curves had the same downward trend, 
with a rapid decrease over the period from 0 to 
30 minutes (min) and a slight decrease over the 

interval from 30 min to 150 min (Fig. 8). The 
water infiltration curve for measurements 
performed in plots with woody vegetation and 
those located outside the tree canopy was above 
the other curves.  

 
Statistical analysis revealed a significant 
difference in the water average infiltration 
velocity depending on the position of the plot 
relative to the nearest tree (Fig. 9). The average 
values were 1.559± 0.164 for measurements 
outside the canopy without a tree present in the 
plots, 3.26±0.28 L/h for measurements under the 
canopy, 3.508±0.230 L/h for those outside the 
canopy, and 2.79±0.24 L/h for those under the 
influence of shade. The lowest infiltration rate 
was 0.335 L/h and the highest average infiltration 
rate was 8.767 L/h for measurements outside the 
canopy without trees and outside the canopy, 
respectively.

 

 
 
Fig. 8. Curves showing the evolution of average water infiltration speeds in the soil according 

to the position of the tree 
SUC (Subplots Under Canopy):  subplots which were directly under the tree canopy; SSCI (Subplots Shadow 

Canopy Influence): subplot located outside the tree canopy but under the influence of tree shade; SOC (Subplots 
Outside Canopy influence): subplot located outside the tree canopy without being under the influence of tree 

shade and SWT (Subplots Without Tree influence: subplot in plots without trees 



 
 
 
 

Ouédraogo et al.; Int. J. Plant Soil Sci., vol. 38, no. 2, pp. 45-70, 2026; Article no. IJPSS.152006 
 
 

 
59 

 

 
 

Fig. 9. Boxplot of average soil water infiltration rates according to tree position 
SUC (Subplots Under Canopy):  subplots which were directly under the tree canopy; SSCI (Subplots Shadow 

Canopy Influence): subplot located outside the tree canopy but under the influence of tree shade; SOC (Subplots 
Outside Canopy influence): subplot located outside the tree canopy without being under the influence of tree 

shade and SWT (Subplots Without Tree influence): subplot in plots without trees 
  

3.1.3.2 Effect of Tree Density on the Soil 
Water Infiltration 

 

Analysis of changes in water infiltration according 
tree density showed a significant difference (Fig. 
10). The water infiltration curve for density D1 
was found to be significantly lower than that the 
rest other trees densities (D2 to D5) (Fig. 10). 
However, the infiltration curve for density D5 
remains above the other curves regardless of the 
measurement interval (Fig. 10). Nevertheless, all 
the curves showing the evolution of the infiltration 
rate over time for the different density levels had 
a similar pattern, namely a decrease with a rapid 
decline phase over the period from 0 to 30 
minutes. This was followed by decline phase 
over the period of 30 to 150 minutes.  
 

With regards to the average water infiltration 
based on different tree densities, a significant 
difference was observed (p˂0.001). The average 
water infiltration (1.651± 0.15 l/h) with no tree 
(D1) was significantly lower than water infiltration 
for the other densities D2, D3, D4, and D5, with 
trees (Fig. 11). The highest average infiltration 
rate (3.64± 0.32 l/h) was recorded for density D5. 

But statistical different was found for water 
infiltration between tree densities D2 (3.09±0.35 
l/h), D3 (3.52±0.3 l/h), D4 (3.02±0.25 l/h). 

  
3.1.4 Effect of Trees Dendrometric 

Parameters on Soil Water Infiltration  
 
The regression lines for the water average 
infiltration velocity as a function of dendrometric 
parameters for different density levels showed an 
upward trend (Fig. 12). Their regression 
coefficients had values between 0.70 and 0,92. 
The regression coefficient. The largest 
regression coefficient value of 0.92 was found 
between water infiltration velocity and tree basal 
area (Fig. 12).  

 
3.1.5 Effect of Soil Physical Parameters 

on Soil Water Infiltration 
 
We found statistically significant relationships 
between water infiltration and soil sand 
(R2=0.92), soil silt (R2=0.90) and clay (R2=0.91) 
(Fig. 13). However, the regression coefficient 
was low with soil bulk density (R2=0.18) (Fig. 13).
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Fig. 10. Evolution of Soil water infiltration velocity according tree densities 
D1: plot of first density class; 0 tree/ha, D2: plot of second density class; 16 trees/ha, D3: plot of third density 

class; 28 trees/ha, D4: plot of fourth density class; 36 trees/ha, D5: plot of fifth density class; 48 trees/ha 
 

 
 

Fig. 11. Box plots of average soil water infiltration rates for different density classes 
D1: plot of first density class; 0 tree/ha, D2: plot of second density class; 16 trees/ha, D3: plot of third density 

class; 28 trees/ha, D4: plot of fourth density class; 36 trees/ha, D5: plot of fifth density class; 48 trees/ha 
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Fig. 12. The relationship between water infiltration and tree dendrometric parameters. (A)Tree density, (B) Average tree height, (C) diameter at 
breast height, (D) Tree crown area, (E) basal area and (F) Tree cover 
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Fig. 13. The relationship between water infiltration and soil physical properties. (A) soil sand rate, (B) soil silt rate, (C) soil clay rate and (D) soil 
bulk density
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3.2 Discussion 
 
3.2.1 Effect of Vitellaria Paradoxa 

Dominated Trees Density on the 
Bulk Density and Soil Texture 

 
The Soil bulk density is one of the parameters 
used to assess soil compaction, porosity and 
aeration. The bulk density of the soil is impacted 
by trees through their litterfall and root activity. 
Thus, Duan et al., (2019) showed that planting 
density significantly influenced bulk density, 
which decreased as planting density increased. 
Furthermore, Mitrová et al. (2025) revealed that 
the presence of woody components generally 
improves the hydrophysical properties of soil in 
various agroforestry parklands. They reported a 
consistent decrease in bulk density in these 
parklands. Using the same logic, Joseph et al. 
(2025) discovered that the bulk density of soil is 
greater in cultivated soils than in cashew and oil 
palm plantations at depths of 0–15 cm and 15–
30 cm. However, our results contradict these 
studies, as statistical analyses revealed no 
significant difference in soil bulk density based 
on tree density. This could primarily be explained 
by soil disturbances caused by cultivation 
operations during the agricultural season. 
Belagrouz et al. (2016) demonstrated that soil 
bulk density varies significantly depending on the 
tillage method employed. These results can also 
be explained by the measurement depth. In our 
study, bulk density was determined at a depth of 
0 to 20 cm, which is the most disturbed during 
cultivation operations. Duan et al. (2019) showed 
that soil bulk density varies depending on the 
depth at which it is measured. However, the 
same authors have shown that there is no 
statistical difference in bulk density according to 
tree density at the same measurement depth. 
Finally, as the study was conducted in an 
agroforestry parkland where the position and 
distribution of trees is random, significant 
variation in bulk density may be observed 
between plots. However, taking into account the 
distance of the subplot from the trunk and crown 
of the trees, our results are consistent with those 
of Tesfaye and Lemma (2019), who emphasised 
that soil bulk density is significantly influenced by 
distance from the tree base and soil depth. 
Tanga et al. (2014) also demonstrated that the 
bulk density of soil increased with distance from 
the trunk of Balanites aegyptiaca, Acacia tortilis 
and Acacia seyal. Abdella and Nigatu (2021) 
found that soil bulk density was notably lower 
under canopy of F. albida and C. africana trees 

than outside canopy, and increased with 
increasing radial distances.  
 

Tree density had an effect on the soil texture 
including sand, silt and clay content depending 
on the density level. The sand content was lower 
in plots without trees compared to plots with 
trees. On the other hand, the silt and clay content 
in plots without trees was higher than it was in 
plots with trees. Our results are consistent with 
those of Abebaw et al., (2025): These results 
contradict previous studies which showed that 
woody plants do not affect soil texture. 
Therefore, Abdella and Nigatu (2021) found that 
Soil textural fractions (sand, silt and clay) were 
not considerably influenced by presence of 
Faiderbia albida and Cordia 63 xperime trees. 
This could be explained partly by the effect of 
runoff. In fact, the runoff is greater in plots 
without trees because the water erosion 
protection provided by trees appears to be lost. 
This results in the transport of sand particles to 
other locations, hence the low sand content in 
these plots. These coarse particles transport is 
also detrimental to the fine silt and clay particles 
that remain. Secondly, runoff will reduce the rate 
of infiltration, thereby reducing the transport of 
fine particles to lower horizons. In plots with 
trees, an opposite effect is observed, as trees 
can be a natural barrier against wind and water 
erosion. This means that fewer sand particles will 
be torn away and/or transported to other 
locations, which is favorable for high sand 
content in these plots. Further, less runoff was 
observed and therefore a higher infiltration rate. 
This can be as result in the fine fraction 
transport, particularly silt and clay, to the lower 
horizons, mainly through percolation. 
 

It was observed that tree density affected the soil 
moisture content during dry periods. Moisture 
content values differed considering different 
levels of tree density. The results obtained are in 
line with those reported by Nsanzimfura (2015), 
who showed that Piliostigma reticulatum has a 
beneficial effect on soil moisture. Our results also 
corroborated with those of Ouédraogo (2021), 
who found that soil moisture during dry periods in 
plots with a tree density greater than 15 trees/ha 
was higher than those in plots with a tree density 
of less than 15 trees/ha. Indeed, trees in 
agroforestry Parklands could contribute to an 
improved soil texture when organic matter is 
supplied to the soil through litter decomposition 
and the addition of animal manure provided by 
animals using these Parklands as habitats or 
food sources. It could also contribute to 
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improving the soil structure through root activity 
and the stimulation of soil fauna. Furthermore, 
trees are responsible for creating microclimate 
which is conducive to moisture conservation. Soil 
moisture in the plots varied depending on 
whether the soil was wet or dry. During wet 
periods, there was no significant difference in 
terms of the average soil moisture values. Our 
results were found to be different from those of 
Ouédraogo (2021), who showed that soil 
moisture during wet periods in plots with a tree 
density greater than 15 trees/ha was higher than 
those in plots with a tree density of less                  
than 15 trees/ha. This could be explained                     
by the fact that our soils have similar textural 
properties.  
 

3.2.2 Effect of Tree Density and 
Dendrometric Parameters in 
Vitellaria paradoxa Gaertn. F. 
Dominated Parklands on the Soil 
Water Infiltration Speed 

 

The evolution of infiltration velocity over time 
according to the trees position (without trees, 
under the canopy, outside the canopy and under 
the influence of shade) with regards to the tree 
density showed a decreasing trend. These 
patterns were also obtained by Koala et al. 
(2014) in Laba and Tiogo in the Sudanian 
wooded savannah of Burkina Faso and by 
Zoumboudré (2009) in western Burkina Faso. 
The infiltration rate is linked to the water status, 
the soil structure and texture. The infiltration rate 
is higher when the soil moisture content is low 
(Yasim et al., 2021; Avakoudjo et al., 2020; 
Bakache et al., 2019; Bhattacharjee et al., 2025). 
The observed shape of the curves can be 
explained by the fact that the dry soil absorbed 
water gradually until saturation, resulting in a 
continuous decrease in the infiltration rate over 
time.  
 

Indeed, Koala et al. (2014) noted that 
disturbances of the soil and the soil types had 
impact on the soil water infiltration. Furthermore, 
the average soil water infiltration rates based on 
the measurement position in relation with the tree 
(without canopy, outside the canopy, under the 
influence of the canopy and under the tree 
canopy) was different among these parameters. 
This difference depends on whether trees were 
close or far from the position. Regarding the soil 
water infiltration rate in relation to distance from 
the tree, the authors agree in their work that 
infiltration decreases as we move away from the 
tree. Sierra and Agugliaro (2008) indicated that 

the water infiltration in the soil decreases as 
distance from the tree increased. Bazié (2013) 
indicated that water infiltration in the soil varied 
according to the distance from the trunk. The 
study by Tesfaye and Lemma (2019) revealed 
that soil moisture content (SMC) is impacted by 
two key factors: distance from the tree base and 
soil depth. Revell (2022) confirmed this variation 
in relation to the position of the tree, indicating in 
his study that the average infiltration at 10 cm 
from the tree (4.11 ml) was higher than that at 
200 cm (2.34 ml). Their studies also showed that 
infiltration is much better under the tree canopy 
compared to areas outside the canopy. Hasson 
(2006) showed that soil water infiltration was 
higher under the tree canopy than outside the 
tree canopy. This situation relates to the ground 
cover provided by the foliage. The soil cover 
farming system, as demonstrated by Koulibaly et 
al. (2018), enhances soil moisture and boosts 
water infiltration into the soil. Zomboudré (2009) 
revealed an increased soil water infiltration rate 
under the canopy of Vitellaria paradoxa Gaertn. 
F., compared to areas which were not influenced 
by the tree canopy. This could be explained by 
the direct or indirect effect of the trees on soil 
water infiltration. Through its root activity, trees 
influence the soil structure in its surrounding 
environment, thereby improving soil infiltration. 
Trees contribute to improving the texture of the 
soil in its environment through its litter input, 
particularly leaf litter, which are decomposed and 
transformed into organic fertilizer. Sweet et al. 
(2025) found that water infiltration into the soil 
was much greater in compost-amended soils 
than in unamended soils. Further, woody plants 
could be considered as responsible as, they 
might contribute to disrupting some of the 
infiltrating water through their roots.  On the other 
hand, the average soil water infiltration rates 
based on tree density levels were found to be 
different. This was consistent with studies of 
Sanou et al. (2010) of which findings showed that 
soil water infiltration in agroforestry Parklands is 
neither homogeneous nor uniform. The Average 
soil water infiltration rates were higher in plots 
with trees than it was in plots without trees. Koala 
et al. (2021) found that trees density had a 
significant impact on the soil water infiltration. 
Authors showed that water infiltration values 
were better in high-density plots compared to 
those in low-density plots. Similarly, Gnissien et 
al. (2023) found that the infiltration rates were 
much higher in plots with trees than those in 
plots without trees. These results could be 
explained by the direct effect of trees through 
water absorption and the indirect effect through 
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improvement of the structural and textural 
conditions of the soil. Indeed, with regard to the 
direct effect of woody plants, it should be noted 
that woody plants consume water and appeared 
to be part of the soil-water-plant-atmosphere 
interface. Therefore, the larger and more 
numerous the woody plants are, the greater the 
demand for water, resulting in greater infiltration 
in plots with a high density of woody plants. This 
was found to have an impact on the soil water 
status. Ilstedt et al. (2016) demonstrated that, 
contrary to popular belief, moderate tree cover 
can improve groundwater recharge, and that tree 
preservation and management can increase 
groundwater resources. In terms of the indirect 
effect, trees had capacity to limit both wind and 
water erosion. Thus, their root activity improves 
the soil structure. In addition, trees contribute to 
provide organic matter to the soil through leaf 
litter and bird as well as animal manure (from 
birds and other animals which use the trees as 
their habitat). Koala et al. (2021) showed that the 
agroforestry Parklands had high carbon 
sequestration potential. This organic matter, 
which undergoes various processing, could 
improve the soil texture. Bazongo et al. (2024) 
argue that the high levels of carbon, potassium 
and phosphorus indicate that Shea Parklands 
could contribute to improving the chemical 
properties of the soil. Improving the soil 
properties through the existing woody plants 
promotes soil water infiltration in agroforestry 
Parklands. This was in line with Koala et al. 
(2014), who showed that physical properties, 
particularly soil type, are a key factor in 
explaining soil water infiltration. Yasim et al. 
(2021) reported that soil bulk density and texture 
affected soil infiltration. For infiltration in plots 
with woody plants, we observed a moderate 
difference in soil water infiltration values 
depending on the levels. Zomboudré (2009) 
noted that the reduction of differences between 
the measured infiltration rates under and outside 
tree canopies is due to the high trees density in 
agroforestry Parklands.  
 

3.2.3 Effect of the Soil Physical and Trees 
Dendrometric Parameters on Soil 
Water Infiltration Speed 

 
The soil physical parameters, particularly its 
texture, can be used to predict the infiltration 
velocity with 60% accuracy based on regression 
lines. These results confirmed those of Bakaché 
et al. (2019) of which studies showed that 
infiltration was better in uncompacted soils than it 
was in the compacted ones. Infiltration of water 

in the soil decreased with increasing clay 
content. This could be explained by the fact that 
the process of water getting in the soil depends 
mainly on the soil nature composition and 
arrangement. Our results are consistent with 
those of Mbilou et al. (2016), who show that 
infiltration rates are linked to soil texture. The 
authors reveal that infiltration rates are higher in 
more or less sandy soil horizons and lower in 
clayey soil horizons. We did not find a strong 
correlation between soil bulk density and 
infiltration rates. This could be because bulk 
density itself depends on soil texture and 
structure. Therefore, its effect would not be 
directly proportional to infiltration. However, the 
influence of bulk density on soil infiltration has 
been demonstrated by authors. Yasim et al. 
(2021) indicate that soil bulk density affects 
infiltration rates. Indeed, they found that the 
infiltration rate was inversely proportional to bulk 
density values. Put simply, the lower the 
apparent density, the higher the infiltration rate. 
In addition, Al-Ogaidi et al., (2023) was also 
found that the infiltration rate was affected by the 
density of the upper stratum more than its 
influence by the change in the density of the 
lower stratum. Mitrová et al., (2025) report that a 
steady decrease in bulk density and an increase 
in porosity lead to improved water infiltration, 
retention and storage capacity in agroforestry 
parklands. 
 
Our study shown that tree dendrometric 
parameters such as canopy cover, basal area 
and tree height affects water infiltration and can 
be used to predict the soil water infiltration. 
These findings corroborated with previous 
studies which showed that trees size had effects 
on the soil water infiltration and its hydraulic 
conductivity (Sierra and Agugliaro, 2008; 
Gnissien, 2024; Guiatin, 2015; Hansson, 2006). 
 

4. Conclusion 
 
Agroforestry Parklands were found to be the 
most widespread production systems in the 
agricultural sector in Burkina Faso. Vitellaria 
paradoxa dominated Parklands happened to be 
the most common systems. This allowed rising 
interests in the studies of agroforestry Parklands 
dominated by Vitellaria paradoxa, in order to 
determine the effect of different tree density 
levels in Parklands dominated by Vitellaria 
paradoxa and the trees dendrometric parameters 
on the soil physical properties in agroforestry 
Parklands.  In this study, it can be concluded the 
following: Firstly, Vitellaria paradoxa is the 
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dominant species in our plots, accounting for at 
least 70% of the tree density in plots with trees.  
Secondly, there was no sufficient evidence to 
highlight the influence of tree density on soil bulk 
density and moisture during the wet season. Tree 
densities levels affected the soil texture. The 
sand content in plots with trees was much higher 
than that in plots without tree. On the other hand, 
the silt and clay content was much higher in plots 
without tree compared to those with trees. 
Finally, the average soil infiltration rates were 
higher in fields with tree densities (16 trees/ha, 
28 trees/ha, 36 trees/ha and 48 trees/ha) with 
average values between 3.02 and 3.64 L/h than 
those in fields without tree densities ( 0 trees/ha) 
with an average value of 1.65 L/h. Further, 
dendrometric parameters and sand, silt and clay 
content were better predictors of the soil water 
infiltration rate. Thus, this study 66xperiment that 
the presence of trees in plots improved soil water 
infiltration rate. High tree density also increased 
soil water infiltration rate. The basal area was 
also found to be the best predictor for soil water 
infiltration rate, with a regression coefficient of 
R²=0.92, followed by tree height, with a 
regression coefficient of R²=0.86. This study 
provided an understanding of the effect of tree 
density on soil physical properties. As 
agroforestry Parklands are dynamic systems, it 
would be interesting to ascertain the effect of tree 
density on the soil physical properties within this 
dynamic. 
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