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ABSTRACT 

  
Trees contribution in improving soil carbon is well established, but few works addressed how this was 

affected by a climatic gradient. This research investigated effects of Vitellaria paradoxa C. F Gaertn and 

Parkia biglobosa (Jacq.) Benth on total soil carbon in parklands along a rainfall gradient for recommendations 

of tree species which better improve soil carbon under specific climatic conditions for parklands adaptation to 

climate change. Total soil carbon at topsoil and subsoil layers measured using spectrophotometry infrared 

method, was higher when rainfall increased and were respectively (1.598 ± 0.040; 1.033 ± 0.022; 0.834 ± 

0.014; 0.857 ± 0.016%). It was higher at topsoil (0.529 ± 0.015%) and subsoil (0.282 ± 0.019%) under V. 

paradoxa when rainfall decreased while it was higher under P. biglobosa and V. paradoxa when rainfall 

increased slightly. Its improvement was higher under V. paradoxa and P. biglobosa when rainfall respectively 

decreased and increased. A decrease trend of total soil carbon under both tree species from trunk to outside the 

canopy whatever rainfall levels and soil layers was observed. Tree species choice could play an important role 

in improving total soil carbon and crop productivity according to rainfall level for parklands adaptation to 

climate change. 

© 2020 International Formulae Group. All rights reserved. 
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INTRODUCTION 

The soils in Sahelian region are 

characterized by a negative mineral balance 

due to the insufficient use of organic materials 

and low use of fertilizers to compensate for 

exported nutrients by the crops (Bationo et al., 

2007). Agroforestry practices have the 

potential in improving soil carbon through 

environmental services provided by trees on 

farms (Ndiaye et al., 2012; Abdou et al., 2013; 

Aliou et al., 2013; Bayala et al., 2019). Ndiaye 

et al. (2012) reported a positive impact on 

crop productivity when soil carbon has 

improved through the practice of agroforestry. 

Most of the studies related to the impact of 

trees in improving soil carbon in agroforestry 
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parklands in the Sahel region focused on one 

tree species and on one site (Traore et al., 

2004) while the positive effect of tree on soil 

fertility depends on several factors such as 

tree species, climate, soil characteristics, 

altitude and land use (Lorenz et al., 2014; 

Mathayo et al., 2016; Sileshi, 2016; Bayala et 

al., 2019). Furthermore, the magnitude of the 

impact of tree species on soil organic carbon 

improvement according to a rainfall gradient 

is not well documented according to our 

literature review (Lorenz et al., 2014). This 

research aimed at investigating the effects of 

Vitellaria paradoxa C. F Gaertn and Parkia 

biglobosa (Jacq.) Benth on total soil carbon in 

agroforestry parklands along a rainfall 

gradient for recommendations of tree species 

which better improve soil carbon under 

specific climatic conditions for parklands 

adaptation to climate change. 
 

MATERIALS AND METHODS  

Site description 

Soil survey was conducted at three 

different sites along an increasing rainfall 

gradient: Tougouri (with the lowest rainfall 

level studied) located at 13˚ 18' 59'' latitude 

North and -3˚ 12' 1'' longitude West in the 

Sahelian zone (northern part). Tougouri 

belongs to the administrative region central-

north and the district of Namentenga; Nobere 

(with the middle rainfall level studied) located 

at 11˚ 33' 29'' latitude North and -1˚ 12' 16'' 

longitude West in the Sudano-Sahelian 

savanna (central part). Nobere belongs to the 

administrative region central south and the 

district of Zoundweogo. Sokouraba located at 

10˚ 51' 00'' latitude North and -5˚ 11' 00'' 

longitude West in the Sudano-Guinean 

savanna (southern part). Sokouraba (with the 

highest rainfall level studied) belongs to the 

administrative region Haut-Bassins and the 

district of Kenedougou. The soils of the three 

sites are generally poor and have low N, MO 

and P contents. In addition, they are weakly 

acidic with low CEC (Table 1). Average 

rainfall and temperature (year 1980-2013) 

were 557 mm and 26.6 oC in Tougouri 

respectively, 859 mm and 25.7 oC in Nobere, 

and 1061 mm and 25.1 oC in Sokouraba 

(DGM, 2013). The average rainfall totaled 

620, 775 and 927 mm, respectively in 

Tougouri, Nobere and Sokouraba during the 

two years (2011 and 2012) of measurements. 

The secondary data from the report of 

the National Institute of Statistic and 

Demography of Burkina Faso (INSD, 2018) 

related to population growth and population 

density (1985-2006) and livestock 

development (2011-2014) of the 

administrative region or district from where 

the study site was located, was used for the 

socio-economic characterization. For the 

appreciation of livestock development, the 

total number of heads for each year including 

cattle, sheep and goats was considered. The 

analysis of the secondary data related to 

population growth showed an increase of 

population in all the districts to which belong 

the different study sites with the highest 

increase at Tougouri over the period 1985-

2006 (Figure 1A). The population density 

followed the same trend of increase in all the 

districts to which belong the three study sites 

with the highest population density observed 

at Tougouri and Nobere over the period 1985-

2006 (Figure 1B). The analysis of the 

secondary data related to the livestock sector 

over the period 2011-2014 showed an increase 

of the number of heads in districts to which 

belong Tougouri and Nobere (Figure 2). But 

in district to which belongs Sokouraba, a 

decline of the number of heads of livestock 

over the time period studied was observed 

(Figure 2). Inversely, from 2012 an increase 

trend of the number of heads of livestock was 

observed in districts to which belong 

Tougouri and Nobere leading to the highest 

number of heads of livestock in 2014 for these 

two later sites (Figure 2).  
 

Experimental design 

The studied parklands systems 

consisted of a parkland system with two 

native tree species: V. paradoxa and P. 

biglobosa. The area around each of the 

sampled trees was split into three concentric 

tree influence zones and a control plot which 

were:  

 Zone A - from tree trunk to half of the 

crown radius of the tree;  

 Zone B - from half of the crown radius of 

the tree up to the edge of the crown;  
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 Zone C - from the edge of the tree crown 

up to 3 m away; and 

 Zone H - a control plot for crop in 

monoculture which was an area of 4 x 4 m 

situated at least 40 m away from the edge 

of the crown and unshaded by any of the 

surrounding trees at any time of the day 

throughout the cropping season.  

This design was replicated eight times for 

each tree species at each site to give a total of 

sixty-four (= 8 reps x 2 species x 4 zones) 

sampling positions in Sokouraba, Nobere and 

Tougouri.  
 

Data collection 

Soil sampling was conducted randomly 

at two points in each of the concentric zones 

and control plot at 10 cm interval depth up to 

40 cm (0-10; 10-20; 20-30 and 30-40 cm) 

using an auger of 5 cm diameter with a 

volume of 250 cm3. The two soil samples for 

the same depth and zone were mixed to have a 

composite sample of 500 cm3 for soil analysis. 

For this study, the topsoil was layers 0 – 10 

cm and 10 – 20 cm and the subsoil were 

layers 20 – 30 cm and 30 – 40 cm. The 

spectrophotometry infrared method was used 

for the total soil carbon measurements 

(Shepherd and Walsh, 2002; Du and Zhou, 

2009). The principle of this method is based 

on the fact that different soil components 

absorb the near rays differently according to 

their level of importance in the sample. The 

composites soil samples were dried at open 

air, sieved using a sieve of 2 mm mesh and 

scanned at Near Infrared (NIR) and middle 

infrared (MIR) using the spectrophotometer 

« Bruker Fourier-Transform MultiPurpose 

Analyzer spectrometers (MPA) » (Bruker 

Optik GmbH, Germany) equipped with a 

software which predicts the total soil carbon 

content. For the purpose of scanning, soil 

subsamples of about 20 g from each 

composite dried soil samples were taken and 

put into a petri dish. Moreover, 10% of the 

whole soil samples were selected from which 

total soil carbon was analyzed using a humid 

chemistry in laboratory. The results from the 

humid chemistry in laboratory were used to 

estimate the accuracy of the results predicted 

by the software integrated in the 

spectrophotometer through calibration.  

The quantitative parameter used to 

assess the magnitude of tree species effects on 

total soil carbon at the different study site was 

the difference between the average value of 

total soil carbon in zones under trees with the 

average value in control plot. The higher the 

difference, the stronger should be the 

magnitude.       
 

Statistical analysis 

The effect of rainfall gradient (sites), 

tree species and their interaction on total soil 

carbon at topsoil and subsoil layers were 

tested using the general model of ANOVA. 

When the differences among the means were 

significant with ANOVA, they were separated 

by the test of Student-Newman Keuils at 5%. 

The pairwise t-tests were used to analyze the 

differences of total soil carbon between zones 

associated to the tree species at each of the 

study sites for topsoil and subsoil layers. The 

analyses have been done using the software 

XLSTAT 2018.  

 

Table 1: Soil characteristics in the three study sites Tougouri (with the lowest rainfall level 

studied), Nobere (with the middle rainfall level studied) and Sokouraba (with the highest rainfall 

level studied) in Burkina Faso (West Africa). The values are the average of top 50 cm soil layer. 
 

Parameters Tougouri Nobere Sokouraba 

% clay 42,6 33,8 56,1 

% Silt  25 25,6 23,3 

% Sand  32,4 40,6 20,6 

CEC (meq/100 g) 10,13 5,81 9,34 

Organic matter (%) 0,43 0,39 1,05 

N content (%) 0,03 0,02 0,07 

P content (P-Bray) (ppm) 2,2 9,56 5,38 

pH  5,92 6,43 5,71 
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Figure 1: Population growth (A) and population density (B) variation over the time period 1985-

2006 in the districts to which belongs the different study sites. 

 

    

Figure 2 : Livestock development over the time period 2011-2014 in the districts to which belongs 

the different study sites. 

 

RESULTS 

The results of ANOVA showed highly 

significant difference of total soil carbon 

according to rainfall gradient (sites) for the 

topsoil and subsoil layers (Table 2). Total soil 

carbon increased with rainfall increase at 

topsoil and subsoil layers (Figure 3).  

The results of ANOVA did not show 

significant difference of total soil carbon 

between tree species for topsoil and subsoil 

layers (Table 2).  

The results of ANOVA showed 

significant interaction between rainfall 

gradient (sites) and tree species of total soil 

A 
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carbon at topsoil layer 10-20 cm (Table 2). 

Total soil carbon was not significantly 

different between both tree species at the 

highest rainfall level (Sokouraba) while it was 

higher at the lowest rainfall level (Tougouri) 

under V. paradoxa at the topsoil layer 10-20 

cm (Figure 4). The total soil carbon was 

significantly higher under P. biglobosa at 

middle rainfall level (Nobere) at the topsoil 

layer 10-20 cm (Figure 4). At topsoil layer 10-

20 cm, total soil carbon under both P. 

biglobosa and V. paradoxa was higher at the 

highest rainfall level (Figure 4).     

The results of ANOVA showed 

significant interaction between rainfall 

gradient (sites) and tree species of total soil 

carbon at subsoil layer 30-40 cm (Table 2). 

The total soil carbon at the subsoil layer 30-40 

cm was not significantly different between 

both tree species at the highest and middle 

rainfall levels while it was higher under V. 

paradoxa.at the lowest rainfall level (Figure 

5). At the subsoil layer 30-40 cm, total soil 

carbon under both P. biglobosa and V. 

paradoxa was higher at the highest rainfall 

level (Figure 5).     

The results of the pairwise t-tests 

showed some significant differences of total 

soil carbon between zones for a reduced 

number of pairs for V. paradoxa as well as for 

P. biglobosa at the highest, middle and lowest 

rainfall levels at topsoil and subsoil layers. 

The composite nature of the samples and the 

accuracy of spectrometry method are factors 

to be considered for lack of more significant 

difference of pairs.  

At the lowest rainfall level, the total 

soil carbon was significantly different 

between zones A-B at the topsoil layer 10-20 

cm and between zones A-C and A-H at the 

subsoil layers under V. paradoxa (Table 3). At 

the topsoil layer 10-20 cm and subsoil layers 

20- 30 cm, 30-40 cm at the lowest rainfall 

level, total soil carbon was significantly 

higher in zone A under V. paradoxa (Figure 

6A). At the lowest rainfall level, the total soil 

carbon was significantly different between 

zones A-C, B-H and C-H at the topsoil layer 

10-20 cm under P. biglobosa (Table 3). The 

total soil carbon was significantly higher in 

zone A under P. biglobosa (Figure 6B).  

At the middle rainfall level, the total 

soil carbon was significantly different 

between zones A-C at the topsoil layer 10-20 

cm under V. paradoxa (Table 4) with higher 

total soil carbon in zone A (Figure 7A). At the 

middle rainfall level, the total soil carbon was 

significantly different between zones A-B, A-

C and B-C under P. biglobosa at the topsoil 

layers 0-10 cm and 10-20 cm (Table 4) with 

higher total soil carbon in zone A (Figure 7B).  

At the highest rainfall level, the total 

soil carbon was significantly different 

between zones A-C and A-H under V. 

paradoxa at topsoil layers 0-10 cm and 10-20 

cm (Table 5) with higher total soil carbon in 

zone A (Figure 8A). At the highest rainfall 

level, the total soil carbon was significantly 

different between zones A-C and B-H at the 

subsoil layer 30-40 cm (Table 5) under V. 

paradoxa with higher total soil carbon in zone 

A (Figure 8A). At the highest rainfall level, 

the total soil carbon was significantly different 

between zones A-B, A-C, A-H and B-H at the 

topsoil and subsoil layers (Table 5) under P. 

biglobosa with higher total soil carbon in zone 

A (Figure 8B).  

In general, the pairwise t-tests showed 

a decrease trend of total soil carbon from zone 

A under both tree species, at the topsoil and 

subsoil layers for all the rainfall levels. 

Moreover, in general, higher total soil carbon 

at topsoil layers compared to subsoil layers in 

zones under trees for all sites under both tree 

species were observed   

The results about the magnitude of 

trees species effect on total soil carbon was 

positive globally and showed that under V. 

paradoxa as well as P. biglobosa, the highest 

magnitude was observed at Sokouraba with 

the highest rainfall level (Table 6). At 

Tougouri with the lowest rainfall level, the 

magnitude was higher under V. paradoxa 

while at Nobere with the middle rainfall level 

and Sokouraba with the highest rainfall level, 

it was higher under P. biglobosa (Table 6).  
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Table 2: ANOVA results for rainfall gradient (sites), tree species and their interactions effect on 

total soil carbon at topsoil and subsoil layers in agroforestry parklands of Burkina Faso (West 

Africa). 

 

Soil layers (cm) Source DDL Sum of squares Mean of squares F Pr > F 

 

Site 2 53,248 26,624 367,353 < 0,0001 

0 10 Species 1 0,074 0,074 1,019 0,356 

  Site*Species 2 0,303 0,151 2,088 0,159 

 

Site 2 14,539 7,269 350,704 < 0,0001 

10 20 Species 1 0,073 0,073 3,523 0,09 

  Site*Species 2 0,191 0,095 4,607 0,024 

 

Site 2 7,013 3,507 188,927 < 0,0001 

20 30 Species 1 0,027 0,027 1,437 0,246 

  
Site*Species 2 0,055 0,027 1,481 0,25 

 

Site 2 14,642 7,326 416,097 < 0,0001 

30 40 Species 1 0,019 0,019 1,107 0,294 

  
Site*Species 2 0,122 0,061 3,457 0.034 

Significant = P < 0.05; Very significant = P < 0.01; Highly significant = P < 0.001. 

 

 

 
Figure 3: Total soil carbon variation according to rainfall gradient (sites) at topsoil and subsoil 

layers in agroforestry parklands systems in Burkina Faso (West Africa). 
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Figure 4: Total soil carbon variation under V. paradoxa and P. biglobosa according to the rainfall 

gradient (sites) at the topsoil layer 10-20 cm in agroforestry parklands systems in Burkina Faso 

(West Africa). 

 

 

Figure 5: Total soil carbon variation under V. paradoxa and P. biglobosa according to the rainfall 

gradient (sites) at the subsoil layer 30-40 cm in agroforestry parklands systems in Burkina Faso 

(West Africa). 
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Table 3: Pairwise t-test on difference of total soil carbon between zones A, B, C and H in topsoil 

and subsoil layers under Vitellaria paradoxa and Parkia biglobosa at Tougouri (with the lowest 

rainfall level studied) in Burkina Faso (West Africa). 

 

Parameter Tree species Sites Layers 
Compared 

zones 
Frequency T-values 

P-

value

s 

Total 

carbon 
V. paradoxa Tougouri 0 10 A-B 8 0,002 0,999 

    

A-C 8 -0,127 0,902 

    

A-H 8 0,68 0,518 

    

B-C 8 -0,097 0,926 

    

B-H 8 1,211 0,265 

   

  C-H 8 0,869 0,414 

   

10 20 A-B 8 3,213 0,015 

    

A-C 8 1,135 0,294 

    

A-H 8 1,472 0,185 

    

B-C 8 -1,4 0,204 

    

B-H 8 0,483 0,644 

   

  C-H 8 1,177 0,278 

   

20 30 A-B 8 2,318 0,054 

    

A-C 8 2,778 0,027 

    

A-H 8 0,861 0,418 

    

B-C 8 0,903 0,396 

    

B-H 8 -0,217 0,834 

   

  C-H 8 -0,916 0,39 

   

30 40 A-B 8 -0,351 0,736 

    

A-C 8 3,159 0,016 

    

A-H 8 3,369 0,012 

    

B-C 8 1,701 0,133 

    

B-H 8 2,361 0,05 

        C-H 8 1,572 0,16 

Total 

carbon 
P. biglobosa Tougouri 0 10 A-B 8 -0,341 0,743 

    

A-C 8 0,141 0,892 

    

A-H 8 1,032 0,336 

    

B-C 8 1,125 0,298 

    

B-H 8 1,958 0,091 

   

  C-H 8 1,863 0,105 

   

10 20 A-B 8 -2,25 0,059 

    

A-C 8 -2,463 0,043 

    

A-H 8 0,725 0,492 

    

B-C 8 -1,753 0,123 

    

B-H 8 3,293 0,013 

   

  C-H 8 3,554 0,009 

   

20 30 A-B 8 -1,917 0,097 

    

A-C 8 1,261 0,248 
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A-H 8 0,536 0,609 

    

B-C 8 2,077 0,076 

    

B-H 8 2,138 0,07 

   

  C-H 8 -0,241 0,817 

   

30 40 A-B 8 -0,248 0,811 

    

A-C 8 2,105 0,073 

    

A-H 8 0,714 0,498 

    

B-C 8 1,015 0,344 

    

B-H 8 1,01 0,346 

        C-H 8 -0,5 0,632 

Significant = P < 0.05; Very significant = P < 0.01; Highly significant = P < 0.001. 

 

 

 

     
 

Figure 6: Total soil carbon variation between zones A, B, C and H in topsoil and subsoil layers 

under V. paradoxa (A) and P. biglobosa (B) at Tougouri (with the lowest rainfall level studied) in 

agroforestry parklands systems in Burkina Faso (West Africa).  

 

 

Table 4: Pairwise t-test on difference of total soil carbon between zones A, B, C and H in topsoil 

and subsoil layers under Vitellaria paradoxa and Parkia biglobosa at Nobere (with the middle 

rainfall level studied) in Burkina Faso (West Africa). 

 

Parameter 
Tree 

species 
Site Layers 

Compared 

zones 
Frequency T-values 

P-

values 

Total 

carbon 
V. paradoxa Nobere 0 10 A-B 8 0,432 0,679 

    

A-C 8 1,362 0,215 

    

A-H 8 0,701 0,506 

    

B-C 8 0,933 0,382 

    

B-H 8 0,271 0,794 

   

  C-H 8 -0,712 0,5 

   

10 20 A-B 8 0,473 0,651 

    

A-C 8 2,456 0,044 

A B 
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A-H 8 -0,908 0,394 

    

B-C 8 1,767 0,121 

    

B-H 8 -1,368 0,214 

   

  C-H 8 -2,171 0,066 

   

20 30 A-B 8 0,969 0,365 

    

A-C 8 1,662 0,141 

    

A-H 8 -0,989 0,356 

    

B-C 8 0,646 0,539 

    

B-H 8 -1,57 0,16 

   

  C-H 8 -1,665 0,14 

   

30 40 A-B 8 1,432 0,195 

    

A-C 8 1,695 0,134 

    

A-H 8 0,126 0,903 

    

B-C 8 0,689 0,513 

    

B-H 8 -1,026 0,339 

        C-H 8 -2,091 0,075 

 

P. 

biglobosa 
Nobere 0 10 A-B 8 1,008 0,347 

    

A-C 8 3,013 0,02 

    

A-H 8 2,174 0,066 

    

B-C 8 2,465 0,043 

    

B-H 8 1,485 0,181 

   

  C-H 8 -0,245 0,814 

   

10 20 A-B 8 2,919 0,022 

    

A-C 8 2,707 0,03 

    

A-H 8 2,309 0,054 

    

B-C 8 1,737 0,126 

    

B-H 8 0,676 0,521 

   

  C-H 8 -1,779 0,118 

   

20 30 A-B 8 1,139 0,292 

    

A-C 8 1,084 0,314 

    

A-H 8 1,322 0,228 

    

B-C 8 0,85 0,423 

    

B-H 8 0,964 0,367 

   

  C-H 8 -0,263 0,8 

   

30 40 A-B 8 1,385 0,209 

    

A-C 8 1,61 0,151 

    

A-H 8 1,534 0,169 

    

B-C 8 1,271 0,244 

    

B-H 8 0,8 0,45 

        C-H 8 -0,143 0,89 

Significant = P < 0.05; Very significant = P < 0.01; Highly significant = P < 0.001. 
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Figure 7: Total soil carbon variation between zones A, B, C and H in topsoil and subsoil layers 

under V. paradoxa (A) and P. biglobosa (B) at Nobere (with the middle rainfall level studied) in 

agroforestry parklands systems in Burkina Faso (West Africa). 

 

Table 5: Pairwise t-test on difference of total soil carbon between zones A, B, C and H in topsoil 

and subsoil layers under Vitellaria paradoxa and Parkia biglobosa at Sokouraba (with the highest 

rainfall level studied) in Burkina Faso (West Africa). 

 

Parameter 
Tree 

species 
Site Layers 

Compared 

zones 
Frequency T-values 

P-

values 

Total 

carbon 
V. paradoxa Sokouraba 0 10 A-B 8 2,339 0,052 

    

A-C 8 2,737 0,029 

    

A-H 8 2,879 0,024 

    

B-C 8 0,942 0,378 

    

B-H 8 1,146 0,29 

   

  C-H 8 0,356 0,732 

   

10 20 A-B 8 0,976 0,362 

    

A-C 8 3,289 0,013 

    

A-H 8 1,954 0,092 

    

B-C 8 0,66 0,531 

    

B-H 8 0,629 0,549 

   

  C-H 8 0,228 0,826 

   

20 30 A-B 8 1,33 0,225 

    

A-C 8 1,262 0,247 

    

A-H 8 0,959 0,369 

    

B-C 8 0,548 0,601 

    

B-H 8 -0,249 0,81 

   

  C-H 8 -0,714 0,498 

   

30 40 A-B 8 1,546 0,166 

    

A-C 8 2,695 0,031 

    

A-H 8 0,033 0,974 

A 
B 
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B-C 8 0,431 0,68 

    

B-H 8 -2,51 0,04 

        C-H 8 -2,344 0,052 

 

P. 

biglobosa 
Sokouraba 0 10 A-B 8 0,404 0,698 

    

A-C 8 3,803 0,007 

    

A-H 8 3,349 0,012 

    

B-C 8 1,305 0,233 

    

B-H 8 1,706 0,132 

   

  C-H 8 1,552 0,165 

   

10 20 A-B 8 3,303 0,013 

    

A-C 8 4,025 0,005 

    

A-H 8 4,017 0,005 

    

B-C 8 1,748 0,124 

    

B-H 8 2,591 0,036 

   

  C-H 8 0,029 0,978 

   

20 30 A-B 8 0,459 0,66 

    

A-C 8 2,302 0,055 

    

A-H 8 3,467 0,01 

    

B-C 8 1,272 0,244 

    

B-H 8 1,993 0,087 

   

  C-H 8 0,243 0,815 

   

30 40 A-B 8 1,156 0,285 

    

A-C 8 2,938 0,022 

    

A-H 8 1,037 0,334 

    

B-C 8 1,04 0,333 

    

B-H 8 0,447 0,668 

 

      C-H 8 -0,099 0,924 

                                      Significant = P < 0.05             Very significant = P < 0.01          Highly significant = P < 0.001 
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Figure 8: Total soil carbon variation between zones A, B, C and H in topsoil and subsoil layers 

under V. paradoxa (A) and P. biglobosa (B) at Sokouraba (with the highest rainfall level studied) in 

agroforestry parklands systems in Burkina Faso (West Africa). 

A B 
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Table 6: The magnitude of the effects of V. paradoxa and P. biglobosa on total soil carbon at 

Tougouri (with the lowest rainfall level studied), Nobere (with the middle rainfall level studied) and 

Sokouraba (with the highest rainfall level studied) in Burkina Faso (West Africa). 

 

Sites Tree species Under trees Control plot Difference 

Tougouri 
V. paradoxa 0,467 0,408 0,060 

P. biglobosa 0,382 0,326 0,056 

Nobere 
V. paradoxa 0,362 0,403 -0,041 

P. biglobosa 0,424 0,370 0,055 

Sokouraba 
V. paradoxa 1,116 1,033 0,083 

P. biglobosa 1,093 0,916 0,178 

  

 

DISCUSSION 

The effects of agroforestry parklands 

on soil organic carbon depend on biophysical 

and socioeconomic characteristics of the 

system (Nair et al., 2009; Nair and Nair, 

2014). Total soil carbon was higher at 

Sokouraba with the highest rainfall level 

studied and it was not significantly different 

between V. paradoxa and P. biglobosa for 

topsoil and subsoil layers probably due to 

better climatic conditions and land 

management practices (Martin et al., 2010; 

Mathayo et al., 2016). The lowest population 

increase, population density and livestock 

development at Sokouraba could permit 

shorter period of land utilization with the 

possibility to still practice fallows allowing 

reconstitution of soil organic carbon stock. 

The importance of the precipitation and 

consequently improved soil humidity content 

at Sokouraba could also explained highest 

values of its total soil carbon due to the 

acceleration of decomposition of organic 

matter as reported by Manns and Berg (2014), 

Klopfenstein et al. (2015) and Mathayo et al. 

(2016). Higher total soil carbon observed at 

Sokouraba could also probably due to higher 

tree aboveground biomass inputs in soil. 

Tougouri with the lowest rainfall level studied 

and Nobere with the middle rainfall level 

studied characterised by high population, 

population density and livestock development 

coupled with low precipitation could explain 

their lowest total soil carbon content due to 

the degradation of the system. Dryness of the 

upper soil forces the fine roots to develop 

deeper than the layers we have sampled, wind 

blowing away the litter, heat accelerating the 

decomposition of the above and below-ground 

organic inputs and finally livestock 

transferring the litter it consumes could 

explain the lowest total soil carbon content at 

Tougouri and Nobere. At Tougouri and 

Nobere, the anthropogenic effects on trees 

degradation due to the use of non-timber 

forest products for food, wood energy, 

medicines and livestock development could 

reduce trees performance to provide 

environmental services such as soil fertility 

improvement in parklands systems through a 

low soil organic carbon reconstitution in soil 

due to a low tree aboveground biomass inputs 

in soil. Aboveground biomass plays an 

important role in the soil organic carbon 

through litter fall and combination of climate, 

soil types and management practices 

(Mathayo et al., 2016). Coulibaly et al. (2014) 

reported in their study about simulation of 

precipitation increase effect on tree 

aboveground biomass, an increase of tree 

aboveground biomass when precipitation 

increases and inversely. Highest values of 

total soil carbon at Sokouraba could give soils 

better physical and chemical properties 

improving crop performance. The presence of 

important quantity of total soil carbon reduces 

soil erosion due to the structural stability of 

soil improved (Garcia-Barrios and Ong, 

2004). Improving soil structural stability leads 

to a better circulation of water and air in the 
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soil (Munoz et al., 2007) and then increases 

the nutrients availability for tree and crop 

roots (Brussaard et al., 2007). Coulibaly et al. 

(2014) reported higher sorghum bicolor (L) 

Moench biomass and yield at Sokouraba 

compared to Nobere and Tougouri. It could be 

suggested to Tougouri and Nobere farmers the 

supply of organic matter or crop rotation for 

improving soil carbon and crop productivity 

(Raffa et al., 2015).  

At Tougouri, total soil carbon at topsoil 

10-20 cm and subsoil 30-40 cm and 

magnitude of total soil carbon improvement 

was higher under V. paradoxa probably due to 

its open canopy structure (Bazié et al., 2012) 

which allows more water at this site with low 

precipitation reaching the soil (Zomboudre et 

al., 2005) increasing then soil humidity 

leading to better litter and crop roots 

decomposition process. However, at Nobere, 

total soil carbon at topsoil 10-20 cm and 

magnitude of total soil carbon improvement 

was higher under P. biglobosa. The 

magnitude of total soil carbon improvement 

was also higher under P. biglobosa at 

Sokouraba. These results corroborate Atchada 

et al. (2019) who reported higher soil organic 

carbon in topsoil layer 0-10 cm.   These were 

probably due to decomposition of more tree 

roots in addition to others litter with rainfall 

increase because it has been reported that P. 

biglobosa roots are important in surface 

(Bayala et al., 2004). The positive magnitude 

of V. paradoxa and P. biglobosa on total soil 

carbon showed that under both tree species it 

has been increased compared to control plot at 

all the study sites corroborating several 

authors who reported positive effects of 

agroforestry practices on soil organic carbon 

(Lorenz et al., 2014; Mathayo et al., 2016; 

Sileshi, 2016; Aryal et al., 2019; Bayala et al., 

2019). Total soil carbon was influenced by 

tree species along a rainfall gradient 

suggesting promotion of V. paradoxa in 

agroforestry parklands for soil fertility and 

crop productivity improvement, particularly in 

areas with low precipitation.       

The decrease trend of total soil carbon 

under both tree species at topsoil and subsoil 

layers from zone A at all the study sites 

corroborates several authors who reported 

positive effects of tree on soil organic carbon 

in zone under tree near trunk in agroforestry 

parklands (Takimoto et al., 2009; Bambrick et 

al., 2010; Howlett et al., 2011) probably due 

to higher biomass inputs, slower 

decomposition and reduction of frequent 

tillage (a couple of times during the growing 

season). Tillage using animal traction is done 

very close to trunks of parklands trees where 

tree density is low, and this possibly 

accelerates the decomposition of organic 

matter in surface soil, and thus reduces soil 

organic carbon accumulation (Takimoto et al., 

2009). Higher total soil carbon at topsoil 

layers compared to subsoil layers in zones 

under trees for all sites under both tree species 

could suggest that major soil organic carbon 

established in agroforestry parklands derives 

from the slow decomposition process of tree 

leaves from aboveground biomass (Bayala et 

al., 2006). It could be suggested to farmers to 

reduce tillage in agroforestry parklands to 

enhance potential of trees in improving total 

soil carbon and crop productivity.   

 

Conclusion 

Investigating trees effects on total soil 

carbon in agroforestry parklands along a 

rainfall gradient is crucial as it gives 

opportunities for recommendations of tree 

management options which increase soil 

carbon and crop productivity for parklands 

adaptation to climate change. Total soil 

carbon was lower when rainfall decreased and 

it was improved under tree compared to 

control plot whatever the rainfall level. Total 

soil carbon varied according to tree species 

along a rainfall gradient. For topsoil and 

subsoil layers, total soil carbon was higher 

under V. paradoxa at Tougouri. It was higher 

under P. biglobosa and V. paradoxa at topsoil 

and subsoil layers when rainfall slightly 

increased. The higher magnitudes were 

observed at Sokouraba for P. biglobosa and V. 

paradoxa. For Tougouri, the magnitude was 

higher under V. paradoxa while at Nobere and 

Sokouraba it was higher under P. biglobosa. 

Total soil carbon decreased from zone A to 

control plot and from the topsoil to subsoil 
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layers at all rainfall levels under both tree 

species. It could be concluded that trees 

improve total soil carbon, but the importance 

of their contributions in improving total soil 

carbon depends on tree species according to 

the rainfall level, suggesting an appropriate 

choice of tree species according to a specific 

climatic condition for parklands adaptation to 

climate change. This research could suggest 

farmers, and particularly those in areas with 

low rainfall, the promotion of V. paradoxa in 

agroforestry parklands through natural 

regeneration and selective weeding improving 

soil carbon and crop productivity. However, 

future research should aim at measuring both 

total carbon and organic carbon to be able to 

disentangle the contribution from trees from 

that of carbon from soil parent materials 

(inorganic source).  
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