
86 

 

Revue Africaine d’Environnement et d’Agriculture 2024 ; 7(3), 86-94 

 

  

 

 

Influence of agroforestry system based on cocoa tree on the physico-chemical 

properties of soils of the Luki Biosphere Reserve in the Democratic Republic of 

Congo 
 

Alasca Ekuya Lombolu1, Jeancy Ntuka Luta1, François Kabambi1, Irène Kibale Mande1, Bhely Angoboy 

Ilondea2, Yves-Dady Botula2, Paul Mafuka1  
 

(1)University of Kinshasa. Faculty of Agricultural Sciences and Environment. Soil Sciences Research Center 

(CReSSol). BP 117 Kinshasa XI (DRC). E-mail: alascaekuya@gmail.com      
(2)National Pedagogical University. Faculty of Agricultural Sciences and Environment. BP 8815 Kinshasa (DRC) 
 

Reçu le 28 août 2024, accepté le 26 septembre 2024, publié en ligne le 28 septembre 2024   

DOI : https://dx.doi.org/10.4314/rafea.v7i3.8 

 

ABSTRACT 
 

Description of the subject. In the Democratic Republic of Congo, cocoa-based agroforestry systems in natural 

forests in general and in the Luki Biosphere Reserve in particular have an impact on the characteristics of cultivated 

soils. 

Objective. This study examines the impact of the cocoa-based agroforestry system on the physico-chemical 

properties of the Luki Biosphere Reserve soils, Democratic Republic of Congo. It seeks to characterize this 

agroforestry system and assess its influence in the soil compared to a natural forest. 

Methods. The study was conducted in the Luki Biosphere Reserve (LBR), one of the main cocoa producing areas in 

the DRC. The climate is tropical humid with two distrinct seasons dry and wet. The agroforestry system studied 

include plots established by INERA and farmers between 1961 to 2017. Soil samples were collected and analyzed to 

determine several soil physico-chemical properties, such as: bulk density, granulometry, pH, nitrogen, organic 

carbon, phosphorus and potassium. 

Results. Soils in cocoa-based agroforestry system have a pH wich varied between 3.2 to 4.5, while forest soils have a 

pH around 3.5. The INERA 2017 plot had the highest pH, at 4.5. Nitrogen content is 23.5 mg.kg-¹ in natural forest, 

and very low in agroforestry system. However, potassium and phosphorus reach respectively the levels of 31 and 14 

mg.kg-¹ in some agroforestry plots, by the way the value recorded for both elements in the natural forest was very 

low. Carbon stock is higher in the natural forest, 16 g.kg-¹, but lower in agroforestry system 9.23 to 11.54 g.kg-¹. 

Conclusion. The natural forest has high nitrogen and carbon levels, while the INERA 1961 plot shows the highest 

phosphorus and potassium concentrations. Tree density and species diversity significantly impact carbon storage and 

soil fertility, highlighting the importance of their management in agroforestry system.  

Keyword: Agroforestry, cacao tree, deforestation, physicochemical properties of soils, Luki Biosphere Reserve. 
 

RESUME  
 

Influence du système agroforestier à base de cacaoyer sur les propriétés physico-chimiques des sols de la 

réserve de biosphère de Luki en République démocratique du Congo 

Description du sujet. En République Démocratique du Congo, les systèmes agroforestiers à base de cacaoyer dans 

les zones forestières en général et dans la Réserve de Biosphère de Luki en particulier ont impact sur les 

caractéristiques des sols cultivés.    

Objectif. Cette étude évalue l'impact du système agroforestier à base de cacaoyers sur les propriétés physico-

chimiques des sols de la Réserve de Biosphère de Luki, en République démocratique du Congo. Elle vise à 

caractériser ce système agroforestier et à évaluer son influence sur les sols en comparaison avec une forêt naturelle 

périphérique. 

Méthodes. L'étude a été réalisée dans la Réserve de Biosphère de Luki (RBL), l'une des principales zones de 

production de cacao en RDC. Le climat est tropical humide, avec des saisons distinctes, sèches et humide. Les 
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systèmes agroforestiers étudiés incluent deux parcelles installées par l'INERA et des agriculteurs entre 1961 et 2017. 

Des échantillons de sol ont été prélevés et analysés pour déterminer plusieurs propriétés physico-chimiques, telles 

que la densité apparente, la granulométrie, le pH, l’azote, le carbone organique, le phosphore et le potassium. 

Résultats. Les sols des systèmes agroforestiers à base de cacaoyers présentent un pH compris entre 3,2 et 4,5, tandis 

que les sols forestiers ont un pH d'environ 3,5. La parcelle INERA 2017 présente le pH le plus élevé, à 4,5. La teneur 

en azote est de 23,5 mg.kg⁻¹ dans la forêt naturelle, et très faible dans les systèmes agroforestiers. À l'inverse, le 

phosphore et le potassium atteignent des niveaux élevés dans certaines parcelles agroforestières, avec respectivement 

31 mg.kg¹ et 14 mg.kg¹ pour le potassium et le phosphore, soit plus que la valeur enregistrée pour les deux éléments 

dans la forêt naturelle. Le stock de carbone est plus élevé dans la forêt naturelle (16 g.kg¹), mais inférieur dans les 

systèmes agroforestiers (9,23 à 11,54 g.kg¹). 

Conclusion. La zone forestière présente de fortes concentrations en azote et en carbone, tandis que la parcelle 

INERA 1961 présente les concentrations les plus élevées en phosphore et en potassium. La densité des arbres et la 

diversité des espèces influencent significativement le stockage du carbone et la fertilité des sols, soulignant ainsi 

l'importance de leur gestion dans les systèmes agroforestiers. 

 

Mots-clés : Agroforesterie, cacaoyer, déforestation, propriétés physico-chimiques des sols, Réserve de Biosphère de 

Luki. 

 

 

1. INTRODUCTION 
 

In Africa, agroforestry has been expanding, mainly in 

regions where rural populations rely heavily on 

forests for their livelihoods (Asaah et al., 2013). The 

practice helps to mitigate deforestation and provides a 

diversified source of revenue for many poor rural 

communities, who often subsist only on agriculture 

(ICF, 2019). Therefore, in regions where it is 

practiced, agroforestry contributes to improving 

household incomes and reducing poverty. This system 

contributes also to the protection of ecosystems by 

enriching soils and reducing erosion (Camara et al., 

2012). 
 

A major perturbation to forest ecosystem dynamics is 

deforestation for agriculture. In a large number of 

countries in the Congo Basin, forests are being 

cleared to make charcoal and the access to 

agriculture. This deforestation is not only for slash-

and-burn agriculture, long considered the main driver 

of tropical deforestation, but also for the cultivation of 

cash crops such as cocoa and coffee (Plas, 2020; 

Mikobi et al., 2021). Because cocoa is a demanding 

crop, the soils after the forest provide the fertility 

necessary for its proper development. A few species 

of trees that are not removed when the field is opened 

also provide the necessary shade. These form a cocoa 

tree - tree association, commonly called cocoa 

agroforestry (Nutriche, 2014; Oscar, 2022). 
 

The main cocoa producing countries in Africa face a 

double challenge: maintaining or increasing cocoa 

yields while stabilizing existing production areas in 

order to limit deforestation and soil degradation (Adji 

et al., 2021). To overcome this challenge, it is 

essential to conduct a study to understand this 

agroforestry model in order to evaluate its 

environmental sustainability. It aims to characterize 

and assess the influence of cocoa tree-based 

agroforestry systems on the physicochemical 

properties of soils compared to a native forest 

environment. 

Existing research in DR Congo generally focuses on 

cocoa productivity or the spatial mapping of 

cultivated areas (Eblé et al., 2022), but often 

overlooks the complex interactions between different 

plant species, biodiversity and long-term effects on 

soil health. The aim of this study is to characterise 

and assess the influence of cocoa-based agroforestry 

systems on the physico-chemical properties of soils, 

compared with a natural forest in Luki, DRC. 
 

2. MATERIALS AND METHODS 
 

2.1. Study site choice 
 

This study was conducted in the Luki Biosphere 

Reserve (LBR) and its environs (Figure 1). The 

choice of this environment is justified by the fact that 

the Democratic Republic of Congo has three main 

cocoa production basins: in the East, the provinces of 

Kivu (North and South) and the Great East (Haut-

Uele, Bas-Uele, Ituri); the Central Basin: the 

provinces of Equateur and Bandundu; and the 

Western Basin in the Central Congo, where the Luki 

Biosphere Reserve is located. The area of the reserve 

covers 33,811 hectares and extends between 13°04' 

and 13°17' eastern longitude and between 5°30' and 

5°45' southern latitude; its altitude varies between 150 

and 500 m (Nsenga, 2004). 
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Figure 1. Map of the Luki Biosphere Reserve 
 

This reserve is characterized by a tropical humid 

climate type Aw5 according to the Köppen-Geiger 

classification, characterized by two seasons: a long 

rainy season of five months (mid-September to mid-

February), a short dry season of one month (mid-

February to mid-March), a short rainy season of two 

months (mid-March to mid-May) and a long dry 

season of four months (mid-May to mid-September). 

The annual temperature varies between 19 °C and 30 

°C, and precipitation ranges from 649 mm to 1853 

mm (Nyange, 2014). 
 

2.2. Description of the cacao-based agroforestry 

systems studied 
 

The cacao-based agroforestry systems studied were 

installed using agro-silvicultural techniques (silvo-

cacao tree) practiced in 1948 and 1956, when 

Terminalia superba plantations were established in 

the Luki Biosphere Reserve. The approach used was 

"standardization from below  (UB) with deforestation, 

which allowed the establishment of limba plantations 

using agro-silvicultural techniques. As reported by 

Mangaza et al. (2022), 49.5 % of the biomass in these 

agroforestry systems consists of cacao trees. 
 

However, the agroforestry plots managed by INERA 

and the farmers are subject to different practices. 

Those of INERA benefit from intensive maintenance, 

with practices such as permanent weeding and 

removal of suckers to improve the quality and 

productivity of the trees. The INERA 1989 R plot 

even underwent rejuvenation pruning at the age of 32. 

On the other hand, the 1967 farmers' plots, such as 

Paysan 1967 B, did not benefit from these practices.  
 

2.3. Methodology of the study 
 

Identification of cocoa tree agroforestry systems 
 

The choice of cocoa tree plantations was made taking 

into consideration the availability of producers in the 

study area and the year of planting. The plots studied 

in this work are those of INERA and of farmers 

working in the Luki Biosphere Reserve. The manager 

of the INERA cocoa department and the cocoa 

farmers were asked a series of questions to determine 

the history of their plots, the tree species associated 

with cocoa trees, the cultivation practices used, and 

the perception of the role these trees play in their 

plots. The six plots of agroforestry systems studied 

were distributed as follows: four plots planted by 

INERA between 1961 and 2017 (one in 1961, two in 

1989 and 2017); two other plots planted by INERA in 

1967, but under the supervision of the farmers; and a 

natural natural forest. 
 

Soil sampling and analysis 
 

Soil samples were collected from the plots, taking 

into consideration the topographic variations of each 

plot. They were collected from 0 to 25 cm depth. 

Bulk density samples were taken at the same depth 

using the Copecky cylinder. A total of 55 composite 

soil samples were collected. These were taken from 

the INERA plots with an area of 2 ha (35 samples), 

from the farmers' cocoa tree plots with an area of 1.7 
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ha (13 samples) and from the natural secondary forest 

with an area of 1 ha (7 samples). 
 

Soil samples were first air dried in the shade and then 

sieved (diameter < 2 mm). pH was measured in water 

at a soil : water ratio of 1:2. The Kjeldhal method was 

used to analyze the total nitrogen concentration, and 

the Walkley Black method was used to analyze the 

organic carbon content (Glosolan, 2019). Bulk 

density was determined using the cylinder method. 

Available phosphorus was extracted by the Bray II 

method (Bray and Kurtz, 1945) and determined by 

UV-visible spectrophotometry at a wavelength of 665 

nm. Potassium (K+) was extracted from the soil using 

an ammonium acetate solution. It was then 

determined by UV-visible spectrophotometry at a 

wavelength of 768 nm (Van Ranst et al., 1992). 
 

Statistical analysis 
 

Statistical analyses were performed using R software. 

The statistical tests used in this work are as follows: 

(i) the analysis of variance (ANOVA), (ii) the 

correlation test (Pearson correlation coefficient) and 

the Shannon-Weaver biological diversity index was 

used to characterize the identified cocoa-based 

agroforestry system. 

 

3. RESULTS 
 

3.1. Density and diversity of trees in agroforests. 
 

The table 1 presents the density, diversity and Shannon indices in the different agroforestry plots studied. Then, the 

interpretation highlights the names of some dominant species present in all the plots. 
 

Table 1. Density, diversity and Shannon indices in the different agroforestry plots studied 
 

Numbers in the column followed by the same letters are not significantly different at the 5% level 
 

Table 1 shows that the natural forest has the highest diversity and plant density, with a Shannon index of 3.22, which 

is the highest value. The latter indicates the presence of exceptional biodiversity. On the other hand, the INERA plots 

show significant variations, with Shannon indices greater than 1 for some and less than 1 for others. The "Paysan 

1967" plot, although low in diversity, has a higher density and a Shannon index less than 1, as does the "Paysan 1967 

B" plot. However, it is important to remember that the old INERA plots, including those of the farmers, contain more 

than 60 % Terminalia superba. The most recent plot, that of 2017, has 30 % Terminalia superba, 25 % Celtis 

mildbraedii and about 15 % Milicia excelsa. In addition, the natural forest consists of 17% Trichilia prieureana, 8 % 

Trilepsium madagascariensis, 8 % Celtis mildbraedii and 5 % Terminalia superba. The remaining species in the 

natural forest are less than 1 %. 
 

3.2. Chemical properties of soils 
 

The variations of pH, carbon, nitrogen, phosphorus and potassium contents in different agroforestry plots based on 

cacao, installed by INERA in different years, as well as in farmers' plots and a natural forest. The box plots with the 

same letter are not significantly different according to the Tukey test at the 5 % threshold. 

 

 
 

 

 

 

 

 

 

No. Plots Diversity/Ha Density/Ha Shannon Index 

1 Natural forest  54.00 a 477.0 a 3.22 

2 Inera-1961 8,000 g 23.00 h 1.41 

3 Inera-1989 12.00 e 36.00 d 1.41 

4 Inera- 1989 R 10.00 f 25.00 g 0.50 

5 Inera-2017 20.00 c 50.00 c 1.89 

6 Paysan 1967 6,000 i 32.00 e 0.98 

7 Peasant-1967 B 3,000 h 10.00 i 0.95 
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Figure 2. The physical properties of soils under different agroforestry systems and the natural forest  
 

The natural forest has the highest nitrogen content than all other agroforestry plots, followed by the 1961 INERA plot 

(about 13 mg/kg), higher than other years (1989, 1989R and 2017). The agricultural plots have the lowest content of 

nitrogen. For phosphorus, the highest concentrations are observed in the INERA plots, while the agricultural plots 

and the natural forest have less than 5 mg/kg. The potassium concentration is highest in the 1961 INERA plots, 

followed by the 1989 plots. The 2017 and 1989R INERA plots have a moderate level (16 mg/kg), while the farmers' 

plots and the natural forest have about 5 mg/kg. Regarding carbon, the natural forest has a higher carbon content, 

about 18 g/kg. 

 

3.3. Correlation analysis between the studied parameters 
 

This point presents the correlation between the different physicochemical and agroforestry parameters studied, as 

well as the physicochemical parameters between them, in order to determine the effect of each one on the others. 

Then, it presents a synthesis of the analysis of variance concerning certain agricultural characteristics or practices 

and their impact on the physicochemical parameters of the soil. 
 

Correlation between fertility and agroforestry parameters 
 

This table 2 presents the correlation coefficients between soil parameters and agroforestry parameters, as well as the 

p-values associated with each correlation. Correlation coefficients indicate the strength and direction of the linear 

relationship between two variables, while p-values indicate the statistical significance of these relationships. 
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Table 2. Correlation between fertility and agroforestry parameters 
 

Variables pH N P K + Da. Carbon Clay 

Aged SAF 0.05 -0.01 -0.07 0.01 0.24 0.14 -0.11 

p-Value 0.68 0.89 0.57 0.91 0.06 0.30 0.41 

Density Esp. 0.01 -0.25 -0.25 -0.23 0.49 0.52 -0.17 

p-Value 0.92 0.06 0.06 0.08 0.00 0.00 0.20 

Diversity Esp. -0.05 -0.26 -0.24 -0.26 0.49 0.55 0.20 

p-Value 0.69 0.05 0.07 0.04 0.00  0.00 0.67 

With N: Nitrogen, P: Phosphorus, K: Potassium, Da: Apparent density, Esp: species, SAF: agroforestry system. 

Significant correlations, p < 0.05 indicates a significant correlation between the variables. 
 

In the correlation analysis, Table 2 above shows that tree density per hectare is strongly correlated with soil carbon 

stock and bulk density. Similarly, species diversity per hectare also shows a strong correlation with carbon stock and 

bulk density. This suggests that higher levels of plant diversity are associated with increased carbon storage. 
 

Correlation between soil fertility parameters 
 

Table 3 below presents the correlation coefficients between the physicochemical parameters, as well as the p-values 

associated with each correlation. 
 

Table 3. Correlation between soil fertility parameters 
 

With N: Nitrogen, P: Phosphorus, K: Potassium, Da: Apparent density. Significant correlations, p < 0.05 indicates a 

significant correlation between the variables. 
 

Summaries of the analysis of variance 
 

In Table 4 above, the analysis of variables shows significant correlations between several soil parameters. 

Phosphorus and potassium are highly correlated with nitrogen. This strong correlation indicates that high nitrogen 

concentrations are often associated with high phosphorus and potassium concentrations in the soil. On the opposite, 

pH shows a negative but not significant correlation with these elements. Carbon content shows a significant positive 

correlation with bulk density, indicating that denser soils store more carbon. 
 

Table 4. Summaries of the analysis of variance 
 

Settings pH N P K Yes Carbon 

 

Soil color ** ** *** * *** *** 

Variables pH N P K Da. Carbon 

 

N -0.236      

p-Value 0.083         

P -0.211 0.878     

p-Value 0.123 0.00     

K -0.121 0.824 0.82    

p-Value 0.38 0.00 0,00    

Da. 0,208 -0,359 -0,331 -0,324   

p-Value 0,128 0,007 0,014 0,016   

Carbone -0,127 -0,056 -0,087 -0,197 0,302  

p-Value 0,356 0,683 0,529 0,15 0,025  

Argile  -0,237 0,381 0,400 0,347 -0,611 0,143 

p-Value 0.082 0.004 0.002 0.009 0.0001 0.299 
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Height of trees 0 *** *** *** 0 * 

Shading Level 0 *** ** *** ** ** 

Cultural practice 0 *** *** ** *** *** 

Degree of slope 0 * * * ** * 

 Legend: N: Nitrogen, P: Phosphorus, K: Potassium, Da: Apparent density. 0: no influence, *: significant influence; 

**: very significant influence; *** : very highly significant influence. 
 

4. DISCUSSION  
 

4.1. Comparison of soil parameter means 
 

The soil acidity in the different cocoa agroforestry 

systems is usually low, with a pH between 4.5 and 6, 

as found by Koffi et al. (2023) and Gusli et al. 

(2020). The soil shows great variability from one plot 

to another; the INERA 2017 plot has the highest pH 

(4.54), while others have a pH below 4. For Arévalo 

et al. (2015), the acidic pH, around 3,5, is found in 

the natural forest. However, this variation in pH in 

agroforestry plots can be attributed to specific soil 

characteristics or components, such as color, as 

shown in Table 4. Therefore, the results obtained by 

Zaia et al. (2012) and Koffi et al. (2023) showed that 

the soil under agroforestry systems based on cacao 

trees older than 20 years can have a nitrogen content 

of 1,360 mg kg-1. However, the nitrogen values 

recorded in this study are very low, both for the 

natural forest and for all the agroforestry systems 

studied. Moreover, the highest value of nitrogen is 

recorded in the natural forest, i.e. 23.5 mg.kg-1, this 

value represents a significant difference with all the 

agroforestry plots studied. The INERA 1961 plot also 

shows a different average from the other agroforestry 

plots. This variation in nitrogen content in 

agroforestry systems can be explained by the diversity 

of species associated with cacao trees in the different 

plots (Vroh et al., 2019). 
 

These results show that the farmer's plot 1967B and 

the natural forest have the lowest potassium 

concentrations, below 10 mg.kg -1. This is a very low 

value in agroforestry systems in general. Koffi et al. 

(2023), in their studies on the impact of traditional 

cocoa tree-based agroforestry systems on soil 

chemical fertility in southwestern Côte d'Ivoire, found 

a value of 15.64 and 31.28 mg.kg-1 in agroforestry 

systems. According to this study, the highest 

potassium concentration is recorded in the INERA 

1961 plots, reaching approximately 31 mg.kg -1, a 

value similar to that obtained in the previous study. 

The 1989 plots also show high values, but lower than 

those of 1961. 
 

According to a study by Gusli et al. (2020) comparing 

a natural forest with an agroforestry system based on 

cacao tree, the authors noted an increase in the 

phosphorus content of the soil under agroforestry 

systems. It even exceeded the threshold required for 

good cocoa tree growth (Koffi et al., 2023). The 

results obtained in this study, as shown in Figure 1, 

show that the 1961 INERA plots have the highest 

phosphorus concentrations, with averages around 14 

mg.kg -1, followed by 1989 and 1989 R with averages 

close to 10 mg.kg-1. Moderate phosphorus 

concentrations are observed for the other years, 

between 5 and 10 mg.kg-1. This trend is the same for 

the peasant plots and the natural forest, which present 

the lowest concentrations, less than 5 mg.kg-1. These 

results show the positive effect of this agroforestry 

system on the assimilable phosphorus content of this 

soil.  

Land use in cocoa-based agroforestry systems results 

in a reduction in organic matter concentration 

compared to a neighboring natural forest (Berthrong 

et al., 2009; Bárcena et al., 2014; Gusli et al., 2020). 

The carbon stock of the natural forest is significantly 

higher, with a median of about 16 g.kg-1. Although 

this carbon stock remains low compared to the values 

found in the aforementioned study, which are about 

24.62 g.kg-1 in secondary forest and very low in 

agroforestry systems, ranging from 9.23 g.kg-1 to 

11.54 g.kg-1. It has been found that the carbon content 

of cocoa tree agroforestry is maintained at about half 

of that observed in forests (Chatterjee et al., 2018; 

Kimaro et al., 2024). According to Nair et al. (2011), 

this decrease in carbon stock in cocoa tree-based 

agroforestry systems compared to natural forests is 

due to the low density of trees, their spatial 

distribution, and the type of plant species present.  
 

Thus, as shown by Koffi et al. (2023), most trees in 

cacao tree agroforestry systems are remnant 

plantations, meaning they do not cover the entire area. 

It is possible that the difference in carbon stocks in 

the systems of almost the same age is due to the 

difference in the species that make them up. In 

general, the carbon content found in cocoa tree-based 

agroforestry systems in this study is not a function of 

age, as pointed out by Berthrong et al. (2009), but 

depends on the diversity, species density and bulk 

density of the soil. Berthrong et al. (2009) highlighted 

the fact that organic carbon content decreases with the 

age of the agroforestry system. According to Mutuku 

et al. (2024), this decrease is much more pronounced 

for systems with similar characteristics in terms of the 
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management practices used. On the plots managed by 

INERA, the high carbon value is 14 g.kg-1. On the 

other hand, the farmers' plots have a low carbon 

content, less than 10 g.kg -1. These are significantly 

lower than those found by Koko et al. (2008), which 

were 31 g.kg -1 in cocoa soils in southwestern Côte 

d'Ivoire. 
 

4.2. Analysis of correlations between the 

parameters studied 
 

In their study, Mutuku et al. (2023) found a strong 

positive correlation between carbon, phosphorus, 

nitrogen and pH; all these elements were however 

negatively correlated with potassium. However, the 

correlation analyses performed in this study (Table 3) 

showed that the correlations between nitrogen, 

phosphorus and potassium are strong, while these 

parameters are not correlated with pH or carbon 

content. Mutuku et al. (2023) state that the content of 

mineral elements such as nitrogen, phosphorus, 

potassium and organic matter does not depend on any 

well-defined factor and varies from one soil to 

another. The same authors also state that the content 

of organic matter in the soil is not correlated with the 

content of potassium and phosphorus. No correlation 

was found between fertility parameters and soil pH. 

According to a study conducted by Gusli et al. 

(2020), the organic matter content changes in the 

opposite direction to the bulk density of the soil at the 

surface. Secondary forest, which had the highest 

concentration of organic carbon, was the least 

compacted according to the same author. Conversely, 

in this study, bulk density is strongly correlated with 

soil carbon content. 
 

The soil organic carbon content is positively 

influenced by the diversity and density of trees 

associated with cacao trees in this study. However, its 

correlation with the age of the agroforestry system is 

not demonstrated. These results corroborate those of 

Berthrong et al. (2009), who found that the age of the 

agroforestry system did not influence the carbon 

content of the soil under agroforestry systems. 

Furthermore, the strong correlation between clay and 

NPK mineral elements observed in this study (Table 

3) is largely confirmed by the study of Ben (2006), 

which shows that the clay content is proportional to 

the concentration of these elements. 
 

5. CONCLUSION 
 

The natural forest has a very high content of nitrogen, 

followed by the INERA 1961 plot, while all the other 

plots have a low content. As for phosphorus, the 1961 

INERA plot has the highest concentration, followed 

by the 1989 and 1989 R plots; the natural forest and 

some INERA plots have the lowest concentrations. 

This trend is confirmed for potassium, with the 1961 

INERA plots showing the highest concentrations, 

followed by the 1989 peasant plots, while the other 

plots and the natural forest show moderate or low 

levels. The natural forest shows the highest carbon 

content, while the INERA plots also show significant 

levels, especially in 1989. 
 

Correlation analyses show that tree density per 

hectare is strongly related to soil carbon stocks and 

bulk density, it is the for the species diversity. These 

results highlight the importance of managing tree 

density and diversity to optimize carbon storage and 

soil fertility in agroforestry system. 
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