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ABSTRACT 

 

Forest islands are widely distributed throughout West Africa savanna landscape. Stated as direct outcome 

of anthropogenic activity, these mosaics are often found around villages and are known for their unique and 

luxuriant characteristics of tropical rainforest. Althought significant studies focus on their ecology, works on 

edaphic factors that govern their establishment are very scare. The objective of the current study was to evaluate 

soil moisture dynamics in forest islands compared to that of surrounding savannas and farmlands at five sites 

located along a precipation gradient in Burkina Faso. For two years, from 2016 to 2017, soil moisture was 

monitored at a depth of 0-80 cm using a neutron probe. The results highlighted a seasonal pattern ranging from 

42±2% during the heavy rainy month (August) to 16±1% during the dry season (October-November). Significant 

differences in soil moisture content soil water profile and water stock at depth 0 to 80 cm were recorded between 

locations and land use patterns. In general, soil moisture was on average 58% less in forest island than in 

croplands across sites. Soil moisture content was lower in topsoil (0-20 cm) compared to deeper soil (40-80 cm). 

The Study demonstrated evident link of soil moisture dynamic with rainfall and the vegetation pattern.  

© 2020 International Formulae Group. All rights reserved. 
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INTRODUCTION 

Worldwide, there is evidence that land 

cover change may result in direct or indirect 

impact on soil properties and processes mainly 

on hydrological dynamics, which can result to 

high effect on ecosystem functioning, 

sustainability and stability (Bond, 2008; Biro et 

al., 2011; Shabtai et al., 2014). 

In this context, important number of 

studies were carried out in the objective to 

understand the link between closed vegetation 

development in savanna and soil hydrology 
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(Marston et al., 2018), physical properties and 

carbon sequestration (Sankaran et al., 2008).  

Endeed, Forest islands are dense 

vegetation with a unique and typical features of 

tropical rainforest stands of 0.1 to 10 ha in size 

often found surrounding many village areas in 

the West African mesic savanna. Unlike to 

general opinion as relic of former forest, 

evidence of their anthropogenic origin have 

been stated (Fairhead and Leach, 2009) and 

though to be mostly intentionally promoted by 

the villagers building up suitable conditions for 

forest development.  

Most recent, because of the wider 

ecological interest of these mosaic 

environments regarding species richness and 

biodiversity maintenance (Kokou and Sokpon 

2006; Savadogo et al., 2011; Imorou et al., 

2017; Marston et al., 2018) and in extent to 

global carbon stock in soil, their preseravation 

became a central task. Beside, their 

establishment in agricultural land have been 

also recommended (Yin and Liu, 2013) of 

relevance to sustain (Midgley and Bond, 2015) 

which may buffer the ongoing pressure on 

limited, fragile and degraded natural resources 

(Tappan and McGahuey, 2007). Thus, the 

success in the background of conservation as 

well as implementation of these forest island 

may critically depend on survey mechanisms 

behind their functionning and the hydrology 

dynamics.  

However, few studies were carried out 

on the functioning of such “forest islands” (FI), 

except the descriptive analysis of the 

vegetation structure and few soil profiles 

analysis (Sobey, 1978) done for few location. 

Knowledge about soil processes underlying the 

formation, maintenance and functionning of 

these luxuriants forest are still to be clarified in 

regard of the broad of environmental (savanna) 

and, socio-cultural features encompassing the 

forest island formation (Kokou and Sokpon, 

2006; Marston et al., 2018). 

Soil moisture is the basic component 

governing ecosystem productivity, 

fonctionning and suistainability (Yu et al., 

2015) for both managed and natural ecosystem 

and was particulary the critical drivers of 

tropical ecosystem features (Wu et al., 2014). 

Among others, increased soil moisture have 

been argued to be an important feature 

responsible of wood prevalence in savana 

(Demenois et al., 2017; Gaviria et al., 2017; 

Marston et al., 2018).  

Most studies reported a positive 

feedback and interactions between soil-

vegetation and hydrology system (Rietkerk et 

al., 2000). The mechanism of that feedback 

inducing forest restoration, improve water 

availability, increase precipitation (Berg et al., 

2014) is an important factor causing the 

increase of vegetation density in West Africa. 

Futher, theses feedback may particularly 

induce changes in soil organic matter, nutrient 

array (phosphorus and nitrogen) and other key 

soil processes may promote the establishment 

of vegetation and subsequently as a 

consequence, building the patch soil moisture.  

Factors that change when a patch of 

forest is isolated include radiation and 

consequently, temperature and humidity). As 

part of the potential range of soil properties and 

processes that interest environmental, 

ecological, hydrological and climate system 

(koster et al., 2004), soil moisture is a dynamic 

parameter with factors operating at temporal 

and spatial scales. 

There is need to closely investigate the 

relationship of soil moisture in mediating forest 

island development. Analysing soil water 

dynamic in forest island and in its surrounding 

ecosystems, here farmland and natural 

savanna, may generate knowledges and 

evaluate the effect of human disturbance. 

 

MATERIALS AND METHODS  

Descriptions and sampling locations  

The study was carried out from 2016 to 

2017 across five sites in Burkina Faso located 

in two agro ecological zones (AEZ): North 

Sudanan to South Sudanian for which mean 
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annual precipitation ranged from 0.80 to 0.9    

m a-1 (Figure 1). At each site, three land use 

types were selected and soil sampling as 

follows:  

- The typical hot semiarid forest islands 

(FI) consisting of patches of forests 

around villages. They are mosaic 

landscape of relatively open savanna 

vegetation and agricultural fields. The 

trees are 15 to 20 m tall and of high 

density (> 400 individuals per hectare and 

diameter (DBH) > 10 cm); 

- Savanna zones: these entities are more 

opened than the FIs and are considered as 

natural vegetation in all the three agro 

ecological zones (AEZ). The height of the 

trees was between 5 to 10 m with lower 

density of individuals (< 100 trees/ha and 

DBH > 10 cm) and with a with an 

abundant ground layer of grasses and 

herbs;  

- Cropping areas were selected as closed 

as possible to the FIs and savanna zones 

and under cultivation for at least 10 years. 

In Burkina Faso, the croplands selected 

were cotton based or cereal based fields.  

 

Biophiysical data collection 

Climatic data (temperature and 

precipitation) for the sites were obtained from 

the ‘’getMet’’ package of R studio. However, 

for graphic representation, mean annual 

precipitation was data collected from rain 

gauge installed per site during year of study.  

Soil type at each site was described 

following the IUSS-WRB soil classification 

system after analysis physical and chemical 

characteristics of samples collected from soil 

pit. Table1 summarizes the biophysical 

characteristics (0–30 cm depth) of the study 

sites. 

In vegetated soil (forest islands and 

savanna), four subplots of 20 x 20 m were laid 

out for botanical inventory to species level and 

trees height and diameter at breast height 

(DBH) trees according Torello-Raventos et al. 

(2013). Additionnaly, for each of the four 20 x 

20 subplots, 1.0 m2 quadrat along each gentry-

transect was placed on the soil surface at each 

5 m, for recording herbaceous ground cover 

and haversting each species. For detail refer to 

Veenendaal et al. (2015).  

 

Soil moisture measurement 

The soil moisture content was 

monitored in Burkina Faso in Forest Island and 

cropland that are the most contrasted land use 

situation. The measurement started in February 

2016 (dry season) and were made weekly 

during the rainy season and monthly in the dry 

season using neutron probe (Campbell Pacific 

Nuclear Model 503 Hydroprobe). Before 

monitoring, at each site, three (3) aluminium 

access tubes per land use were installed to 80 

cm depth. In total, 33 were placed because of 

included savanna in Dano site. Subsequently, 

the neutron probe was calibrated to establish 

linear relationships between neutron probe 

reading value and the volumetric water content 

according equation (1). The volumetric soil 

water content was determined using 

gravimetric water content and bulk density for 

each depth increment of 20 cm. The moisture 

content was expressed as percent water by 

volume. 

𝜃(𝑧) = 𝑎𝑋 + 𝑏                    Equation (1) 

With θ= volumetric water content, X= neutron 

probe reading, a and b= constant 

For the calculation of the water stock (Sw) in 

the profile, the following equation (2) was used  

Sw = ∑ 𝜃(𝑧)                           equation (2) 

where 𝜃 (z) is the water content of the layer. 

 

Statistical analysis 

Statistical analysis of data was 

performed using Statistix 10 (Ver. 2013) for 

Analysis of Variance (ANOVA). The 

separation of means was done using Tukey’s 

test at the probability of 5.%. 
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Figure 1: Location of study sites.
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Table 1: Biophysical properties (0-30 cm) of the sites. 

 

Sites 
Land 

use 
Lat Long 

Tmin 

(°C) 

Tmax 

(°C) 
PA(m)      Soil types 

Clay (%) Sand (%) Silt (%) 

   

Toece (TOE) 

 

0 

 

11.82644 

 

-1.22018 

 

17.3 

 

38.2 

 

0.83 

 

Lixisol (Arenic, Rhodic)  

 

7.8 73.1 0.5 

(Burkina Faso) 1 11.82578 -1.22142 17.3 38.2 0.83 Lixisol (Arenic, Rhodic)  34 37 1.02 

 2 11.74883 -1.21682 17.3 38.2 0.83 

Stagnic Pisoplithic Plinthosol (Lixic, 

Loamic) 

11.8 70.6 0.7 

Koupela (KPL) 0 11.95157 -2.40529 16.2 38.8 0.81 Lixisol (Arenic, Rhodic)  20.9 33 0.4 

 1 11.95051 -2.40536 16.2 38.8 0.81 Lixisol (Arenic, Rhodic)  14 69,7 1.5 

 2 12.09921 -2.25859 15.8 38.9 080 Eutric Plinthosol (Lixic, Loamic) 19 65.7 0.6 

Hounde (HOU) 0 11.52748 -3.54269 17.0 38.0 0.91  12.6 65 0.5 

 1 11.52774 -3.54222 17.0 38.0 0.91 Ferric Lixisol  12.6 57 1.9 

 2 11.32041 -3.26029 17.7 37.8 0.95 Stagnic Lixisols (Loamic, Hypereutric) 13.8 33.3 0.6 

Kadomba 

(KAD) 

0 

 

11.49749 

 

-3.99781 

 

16.4 

 

37.7 

 

0.95 

 

Stagnic Lixisols (Loamic, Hypereutric) 

 

18.5 50 0.31 

1 11.4987 -3.9979 16.4 37.7 0.95 Stagnic Lixisols (Loamic, Hypereutric)  12 67 0.6 

2 11.74883 -4.21682 15.1 38.0 0.91 Stagnic Lixisols (Loamic Hypereutric) 25 47,4 0.5 

           

Dano (Dan) 

 

0 

1 

2 

11.49749 

11.4987 

11.74883 

-3.99781 

-3.9979 

-4.21682 

16.4 

16.4 

15.1 

37.7 

37.7 

38.0 

0.95 

0.95 

0.91 

Stagnic Lixisols (Loamic, Hypereutric) 

Stagnic Lixisols (Loamic, Hypereutric)  

Stagnic Lixisols (Loamic Hypereutric)                          

18.5 

12 

25 

50 

67 

47,4 

0.31 

0.6 

0.5 

NB: in land use, 0 = cropland, 1 = forest island (FI) and 2 = savanna (SA). Lat=latititude, long=longitude. PA = mean annual precipation (m); Tmin= minimum temperature (°C), Tmax= maximum temperature 

(°C).
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RESULTS 

The data showed significant differences 

in soil moisture (P < 0.001) between sites, land 

use type, date and soil depth with interactions 

between factors (Table 2). 

 

Variation of moisture (0-30 cm) according to 

land use across site in 2016. 

In all the sites, there was a seasonal 

pattern (P < 0,001) of soil moisture 

characterized by a progressive increase at the 

beginning of the rainy season followed by a 

peak during the wet season (August) and a 

decrease in soil moiture at the start of the dry 

season (October-November) (Figures 2; 3: 4; 

5). Thus, soil moisture content changed 

considerably between measurement dates (P < 

0:001), and ranged from 42±2% during the full 

rainy season to the low value of 16±1% in the 

dry season.  

The highest differences in soil water 

contents between land use types were recorded 

at Toece and Houndé (Figures 2 and 3) whereas 

Kadomba and Koupela showed small 

differences between land uses (Figures 4 and 

5), althought the forest island was different 

from the savanna and the farmland at Dano 

(Figure 6).  

The soil moisture was higher on the 

farmland than in the forest island at Toécé, 

Houndé and Koupela (Figures 2; 3; 5). It was 

on average 58% less than in croplands (Figures 

2 and 3).  

At Kadomba the reverse situation was 

found comparing the two land use types 

(Figure 5), with significant differences in soil 

moisture recorded during the study period. 

However, at Dano, the dynamic of soil 

moisture observed between land uses had very 

different patterns of variation (Figure 6). From 

June to mid-september, soil moisture was 

higher in farmland and savana compared to 

Forest Island. But at the end of the rainy 

season, mid-september to November, the soil 

water content was the highest in the forest 

island. 

 

Soil water content profiles distribution over 

seasons 

There were changes in soil water 

content profiles across the dry and the rainy 

season in the farmland as well as in the forest 

islands and savanna vegetation cover. The soil 

water profiles show the same pattern as soil 

water content over time on 0-30 cm soil layer.  

Soil moisture content varied significantly (P < 

0.001) througout the soil profile and over time, 

but with the influence of location (Figures 7; 8 

and 9). Significant differences were found in 

soil moisture profiles between land use and 

between different periods of the season. At all 

sites, there was a significant difference 

between top soil (0-20 cm) water content and 

the sub-layer (60-80 cm) which had the highest 

moisture (Figures 7, 8 and 9).  

The pattern of soil water profiles was 

the same over time and land use effect for the 

sites of Toéce (presented here in figure 7), 

Koupéla and Houndé. In these sites, the soil 

water content was signicantly higher in the 

farmland than in the forest island throughout 

the season and soil depth, except the beginning 

of the rainy season in soil top layer, 0-20 cm 

where the farmland was the driest (Figure 7a). 

 At the site of Kadomba, there was not 

significant diference in soil water content in the 

top layer 0-20 cm during the three selected 

periods of the season. In the deeper layers, soil 

water profiles indicated a higher soil moisture 

in the forest island s compared to the farmland 

(Figure 8). It was the opposite in the sites of 

Toécé, Koupéla and Houndé where the forest 

island showed higher soil water content in the 

soil profile than in the farmland. 

At Dano, in May at the beginning of the 

rainy season, soil water contents were low in 

the soil upper layer without significant 

differences between the forest island, the 

savanna as well as the farmland (Figure 9a). In 

the deepper layer (40-80 cm) the soil moisture 

was higher in the forest island following by the 

farmland than for the savanna vegetation cover 

(Figure 9). The same pattern was recorde at the 

end of the rainy season in November except 

that the farmland was drier in the soil surface 

than the forest island and the savanna (Figure 
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9c). At the mid-rainy season (August), the soil 

profiles were almost saturated in all land use 

types. In the soil upper layer (0-20 cm) the 

water content was the highest in the farmland 

compared to the forest island and the savanna 

(Figure 9b). 

 

Variation of stock of water (0-80 cm) 

according to soil occupation 

Similar to the moisture contents at soil 

layer 0-30 cm and the soil water content 

profiles; the stock of water at 0-80 cm depth 

showed the same trend; differences between 

sites and land uses, and over the years. The 

stock of water values was significantly higher 

during the rainy than during the dry season (P 

< 0.001) (Figures 10; 11; 12; 13; 14). The stock 

of water, in 0-80 cm soil depth, was higher in 

the cropland (156 to 298 mm) than in the forest 

island (83 to 219 mm) at Toécé, Koupela and 

Houndé sites.  At the same soil depth, the water 

stock was significally higher in the forest island 

than in the farmland at Kadomba, while at 

Dano the farmland was in between the Forest 

Island and the savanna at the beginning of the 

rainy season. From July to mid-september, the 

farmland and the savanna had similar water 

stock varing between 350 mm and 400 mm and 

higher than the stock in the forest island 

(Figure 14). At the end of the rainy season, 

during the drying process, the soil water stock 

dropped sharply to reach 205 mm in the 

savanna and the farmland and 263 mm in the 

forest island (Figure 14). 

 

 

Table 2: Analysis of Variance (ANOVA) table for soil moisture content, Burikina 2016. 

 

Source DF SS MS F Pr 

Site                     3 15300,4 5100,1 225,83 <0,001 

Land use                   1 14231,5 14231,5 630,16 <0,001 

Date                     9 17763,8 1973,8 87,4 <0,001 

Depth                3 20580,5 6860,2 303,77 <0,001 

Site * Land use                3 23988,1 7996 354,06 <0,001 

Site *Date                27 4847,89 179,6 7,95 <0,001 

Site * Depth           9 2249,67 250 11,07 <0,001 

Land use*Date                9 1092,02 121,3 5,37 <0,001 

Land use* Depth           3 608,259 202,8 8,98 <0,001 

Site * Land use*Date           27 1143,43 42,3 1,88 0,005 

Site * Land use* Depth      9 2125,43 236,2 10,46 <0,001 

Site* Land use*Date* Depth 216 7696,22 35,6 1,58 <0,001 

Error                    622 14047,1 22,6   

Total 941     

DF: Degree of Freedom, SS: Square Sums, Ms: Means of Square, Pr: Probability. Significant differences: * P=0.05; ** P=0.01; 

*** P=<0.001  
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Figure 2: soil moisture over season according to land use at Toécé. 
 WP =welting point; FC = Field capacity. 

 

 
 

Figure 3: soil moisture over season accordind to land use at Hounde, (0-30 cm) layer. 
WP =welting point; FC = Field capacity. 

 

 
 

Figure 4: soil moisture over season accordind to land use at Koupela, (0-30 cm) layer. 
WP =welting point; FC = Field capacity. 
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Figure 5: soil moisture over season accordind to land use at Kadomba, (0-30 cm) layer. 
WP =welting point; FC = Field capacity. 

 

 
 

Figure 6: soil moisture over season accordind to land use at Dano, (0-30 cm) layer. 
WP =welting point; FC = Field capacity. 
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Figure 7: soil water content profiles over the dry and wet season 2016 at Toece: (a) in may; (b) in 

august; (c) in November. 
Fa WP =farmland welting point; Fa FC = farmland field capacity, Fi WP =forest island welting point; Fi FC = forest island 

field capacity. 
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Figure 8: soil water content profiles over the dry and wet season 2016 and 2017 at Kadomba: (a) in 

may; (b) in august; (c) in november. 
Fa WP =farmland welting point; Fa FC = farmland field capacity, Fi WP =forest island welting point; Fi FC = forest island 

field capacity. 
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Figure 9: soil water content profiles over the dry and wet season 2016 and 2017 at Dano: (a) in may; 

(b) in august; (c) in November. 
Fa WP =farmland welting point; Fa FC = farmland field capacity, Fi WP =forest island welting point; Fi FC = forest island 

field capacity, Sa WP =savana welting point; SaFC = savana field capacity. 
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Figure 10: Stock of water on soil layer 0-80 cm over season according to land use at Toéce (2016). 

 

 

 
 

Figure 11: Stock of water on soil layer 0-80cm over season according to land use at Koupela (2016). 

 

 

 
 

Figure 12: Stock of water on soil layer 0-80cm over season according to land use at Houndé (2016). 
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Figure 13: Stock of water on soil layer 0-80cm over season according to land use at Kadomba (2016). 

 

 
 

Figure 14: Stock of water on soil layer 0-80cm over season according to land use at Dano (2016). 
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content and precipitation events. The soil 

moisture increases after rainfall and decreases 

during dry periods. Indeed, the soil water 

content was higher in the southern region with 

higher annual rainfall than the northern region 

regardless of the land use. Hence, Toece, 

Koupela and Hounde, located in the northern 

part of the country, had lower soil water 

content than the two sites, Kadomba and Dano.  

The same trends were found with soil 

water profiles dynamic and soil water stock in 

0-80 cm soil depth. The differences observed 

between the sites for soil water content, soil 

water profiles during different periods of the 

season and. can be explained by the soil 

heterogeneity (bulk density, texture) (Bronick 

and Lal, 2005), differences in amount and 

distribution of annual rainfall and the density 

of the vegetation as indicated by Bronick and 

Lal (2005). The forest island soil water content 

is lower than that of the farmland in Toece, 

Koupela and Houndé. In the sites of Kadomba 

and Dano, the lower soil moisture content was 

recorded in the farmland can be explained by 

the soil water content between land uses 

attributed to the lower soil bulk density 

recorded in the farmland. Those results are 

similar to those reported by- Wang et al., 

(2012; 2016) who indicated higher soil water 

content of cropland than in caragana forest soil 

profile of China.  

A negative Pearson correlation was 

found between soil moisture and soil bulk 

density (r = -0.635, P = 0.035). The farmland 

had lower bulk density on 0-30 cm soil layer 

than the forest island, due to soil tillage for 

seedbed preparation. This disturbance in soil 

top layer increases soil porosity and 

consequently more water infiltration leading to 

soil moisture improvement (Ouattara et al., 

2011; Serme et al., 2015; Yu et al. 2015; 

Ouattara et al., 2018). In contrary, Maqboul et 

al. (2017) found in India, that soil bulk density 

and moisture were lower in forest than 

agriculture land. 

Forest islands are often open to 

domestic animals grazing, then animal 

trampling can compact soil surface layer 

reducing rain water infiltration into the soil. In 

addition, at the onset of the rainy season the 

forest vegetation become physiologically very 

active as response to the precipitation input, as 

soil moisture increase (Brown-Mitica et al., 

2007). The trees evapotranspiration increases 

at the dependency of soil water content. The 

differenre in crop and trees rooting system may 

also account for the difference in soil water 

content between farmland and forest island. 

Tree roots transfer quantities of water 

downward to dry soil layers when surface soil 

layers become wet after rain events (Stephen et 

al., 2001; Miriti et al., 2013). The benefit of this 

mechanism is the increase in soil moisture in 

dry subsoils. 

The size of the sites of Toece, Koupela 

and Houndé were less than 3 ha, while 

Kadomba and Dano had more than 10 ha. In 

addition, trees densities were 694, 656 and 444 

plants ha-1 at Toece, Koupela and Houndé 

respectively, while the trees density was more 

than 1100 stands ha-1 at Kadomba and Dano. 

Ranney et al. (1981), Kapos (1989) reported 

that when a patch of forest is isolated, strong 

wind and radiation would increase 

evapotranspiration and decrease soil moisture 

unless the trees react by restricting their water 

loss. Then small forest island may have lower 

soil moisture content than large forest island in 

similar biophysical conditions. 

 

Conclusion 

The study showed that soil moisture 

dynamics in forest island and adjacent 

ecosystem is basically governed by the pattern 

of the rainfall events over the year seasons. 

Change in the top soil physical properties with 

human disturbance, especially tillage, 

overgrazing and animal trampling has strong 

impact on soil moisture in the Forest Island and 

adjacent ecosystem. In addition, the size of the 

forest island and its trees density affects soil 

moisture over time throughout the soil profile. 

Small size Forest Island has lower soil water 

content than farmland. The reverse situation is 

observed with large size Forest Island 

especially at the end of the rainy season. 
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