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Abstract

Soil fertility reduction is a significant constraint on 

agricultural output in both wet tropical and semi-arid 

environments. The purpose of this study was to assess and 

compare the soil fertility status in Wonosalam District 

(Indonesia) and Toudweogo (Burkina Faso) by analysing 

specific physical and chemical parameters. Soil samples 

were obtained from these areas and tested for texture, pH, 

organic matter, total nitrogen, accessible phosphorus, 

exchangeable potassium, cation exchange capacity (CEC), 

and base saturation (BS). The results revealed considerable 

disparities between the two contexts. Wonosalam soils had a 

clayey texture (58.67% clay), but Toudweogo soils were 

mostly sandy (69.28% sand). The soil pH was acidic in both 

places. Organic matter content was moderate in Indonesia 

(3.13%), but low in Burkina Faso (1.23%). Total nitrogen 

levels were low in both regions (0.11% and 0.06%, 

respectively). Indonesia had much higher available 

phosphorus and exchangeable potassium levels (14.33 

mg/100 g and 53 mg/100 g) than Burkina Faso (1.67 mg/100 

g and 4.17 mg/100 g). CEC levels were medium in 

Wonosalam (21.72 cmol kg⁻¹) and low in Toudweogo (6.10 

cmol kg⁻¹), but both soils maintained substantial base 

saturation. Sustainable management solutions should be site-

specific: liming and balanced fertilization are recommended 

for Indonesian soils, whereas organic matter restoration, 

integrated soil fertility management, and water conservation 

practices are required for Burkina Faso soils. These findings 

emphasize the significance of tailoring soil management to 

local pedoclimatic conditions in order to boost agricultural 

output and long-term soil sustainability. 
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1. Introduction 

Soil serves as the medium for root development, the primary source of soil nutrients, and the source of water for growing 

plants, and its health is vital for food production (Ali et al., 2021) [2]. It is a complex mixture of organic materials, minerals, 

gasses, liquids, and organisms that cohabit to support life on our planet (Mohanty et al., 2021) [25]. Enhancing and sustaining 

soil health structural and chemical qualities, as well as monitoring and controlling soil conditions from seedbed preparation to 

harvest, has long been a key focus for increasing production. Soil with adequate physical conditions allows better and timely 

seed germination, root system establishment, plant growth and this is called soil fertility. Soil fertility refers to the ability of 

soil to sustain agricultural plant growth (Tang, L. 2025) [40]. Fertile soil provides a habitat with required nutrients and 

appropriate chemical, physical, and biological properties to sustain plant growth (Tudi, M. et al, 2022) [34] without toxic 

substances that inhibit plant development (Ebanyat, P. et al, 2021) [10]. Soil fertility levels are highly dynamic and can fluctuate 

(Ariadi et al., 2021) [3] and plant diversity has a substantial impact on soil fertility, both physically and chemically. Soil fertility 

varies by region and is influenced by both human and natural factors such as climate, topography, organic matter content, 

cation exchange capacity, and pH changes (Munawar, 2018) [26]. 

Over the last few decades, agricultural land in many tropical regions has expanded and intensified as demand for crop 

commodities and human population has increased. This is especially evident in Indonesia, the world's fifth most populous 

country, where there is a growing demand for locally agricultural products (Tahirah, S. M., 2023) [41]. Conventional farming 

techniques, such as overfertilization and heavy pesticide usage in many parts of Indonesia, have prompted environmental and 

public health concerns (Abe, S. et al, 2020) [1]. These concerns include biodiversity loss, pollution, unsustainable development, 

and soil erosion. These factors impacted the soil fertility in Indonesia (Chavez, J. et al, 2024) [8]. 

Received: 02-01-2026 

Accepted: 09-02-2026 

 

https://doi.org/10.62225/2583049X.2026.6.1.5858


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2848 

Furthermore, Soils in Sub-Saharan Africa (SSA) are 

unhealthy, owing primarily to years of crop nutrient mining 

and a lack of organic or inorganic resupply (John, 2013). 

According to The Food and Agriculture Organization (FAO) 

of the United Nations in 2017, these soils, in their current 

form, are not able to offer enough nutrition for the region's 

population, with 236.5 million people undernourished in 

SSA, an increase of 60 million in 10 years and a prevalence 

rate of more than 23%. In Burkina Faso, a landlocked 

country in West Africa, cultivated soils are generally acidic, 

with negative soil nutrient balance (Bassolé, Z. et al, 2023) 
[4]. Many soils in Burkina Faso have depleted organic matter 

and low nutrient reserves, primarily due to overcultivation, 

minimal fertilizer inputs, and poor soil conservation 

practices (FAO, 2017) [13]. Low soil fertility reduces crop 

nutrient availability, which in turn lowers yield potential, 

food production levels and lack of income for agricultural 

households (Westerberg, 2017) [43]. 

Indonesia and Burkina Faso represent two contrasting 

tropical agricultural systems that illustrate the diversity of 

soil fertility challenges across the tropics. Indonesia is 

predominantly characterized by a humid tropical climate 

with high annual rainfall and temperatures (Hildegardis, C. 

et al, 2019) [19]. Burkina Faso lies mainly within the 

Sahelian and Sudanian agro-ecological zones and 

experiences a semi-arid to sub-humid climate with 

pronounced rainfall variability (Newborne, P., 2016) [28]. 

Although both Indonesia and Burkina Faso face significant 

soil fertility constraints, the nature and drivers of these 

constraints differ substantially due to climatic conditions, 

soil formation processes, land use intensity, and socio-

economic factors. 

Therefore, the objective of this study is to conduct a 

comparative analysis of soil fertility in Indonesia and 

Burkina Faso by examining key soil physicochemical 

properties, dominant soil constraints, and their implications 

for agricultural productivity and sustainability. By 

highlighting similarities and differences between humid and 

semi-arid tropical soil systems, this study aims to contribute 

to the development of context-specific yet transferable 

strategies for sustainable soil fertility management, climate-

resilient agriculture, and long-term food security in tropical 

regions. 

 

2. Materials and Methods 

2.1 Study Area 

This research was conducted from December 2025 to 

January 2026. The study area in Indonesia is located in 

Wonosalam district, Jombang Regency East Java and 

geographically at 112° 21' 05" to 112° 23' 22" East 

Longitude and 07° 44' 59" to 07° 40' 01" South Latitude. 

The research site is known to have been several sub-districts 

that have been cultivate a porang plant with a total area of 

466.7 ha. Wonosalam is the sub-district where the existence 

of the most extensive porang plant (351.2 ha). Burkina Faso 

is a landlocked country in West Africa, located in the heart 

of the Sahel between 8° and 16° north latitude. Surrounded 

by Mali, Niger, Benin, Togo, Ghana, and Ivory Coast, its 

capital is Ouagadougou. The study area in Burkina Faso is 

located at Toudweogo in the northern part of Ouagadougou, 

province of Kadiogo (12° 26′ N 001° 30′ W) with an area of 

10 Ha. 

 

 

2.2 Tools and Material 

The research equipment is divided into two categories: field 

sampling tools and laboratory analysis tools. For sampling, 

we used a hoe, crowbar, hammer, GPS, clinometer, plotter, 

cutter, trowel, camera, bucket, and writing instruments. 

Laboratory analysis equipment includes digital scales, 

spectrophotometers, burettes, shakers, film bottles, pipettes, 

volmetric flasks, measuring pipettes, centrifuges, digestion 

tubes, fume hoods, Erlenmeyer flasks, beakers, test tubes, 

reaction flasks, ovens, cups, and test tubes. Materials used 

for field sampling include rubber, gauze, and plastic. 

 

2.3 Soil Sampling 

Stratified random sampling was used for soil sampling 

based on different slope classes (0-8%, 8-15%, and 15 

25%). The method used is to take soil sample points 

randomly on each land map unit. Soil samples were taken 

from the soil depth of 0-25 cm at different locations of the 

site. These samples are samples of undisturbed soil used for 

the analysis of all parameters. 

 

2.4 Data Analysis 

Soil test analysis was conducted at the Land Resources 

Laboratory, Faculty of Agriculture, UPN "Veteran" Jawa 

Timur, East Java in Indonesia and at the Soil Analysis 

Laboratory from The Institute for Agricultural and 

Environmental Research in Burkina Faso. Soil chemical 

analysis included exchange capacity (CEC) (NH4OAc 

Extract Method); Organic Carbon analysis (Walkley and 

Black Method); Total Phosphorus (P) and Potassium (K) 

analysis (25% HCl Extract Method) according to the 

reference from Eviati & Sulaeman (2012) [11]; pH (H2O), 

Nitrogen (N), organic matter (OM) and Base saturation 

(BS). We also analysed the texture of each sample as a 

physical parameter. Eviati & Sulaeman's (2012) [11] technical 

soil analysis data were used to establish criteria for each 

metric. Soil fertility status is determined using technical 

guidelines from Soil Research Center Bogor (Pusat 

Penelitian Tanah, 1995) [32]. 

2.4.1 Assessment of Soil Chemical Properties 

Each soil chemical properties parameter was then 

categorized based on the criteria of Eviati & Sulaeman's 

(2012) [11] in Table 1, by assigning marks based on 

laboratory analysis and specific assessment standards for 

each parameter. 

 
Table 1: Soil parameters criteria according to Eviati & Sulaeman's 

(2012) [11] 

 

Parameters 
Very Low 

(VL) 

Low 

(L) 

Medium 

(M) 

High 

(H) 

Very High 

(VH) 

Organic Carbon 

(%) 
<1.0 1.0-2.0 2.0-3.0 3.0-5.0 >5.0 

Total P 

(mg/100g) 
<15 15-20 21-40 41-60 >60 

Total K 

(mg/100g) 
<10 10-20 21-40 41-60 >60 

Nitrogen (N) <0.10 
0.10–

0.20 
0.21–0.50 

0.51–

0.75 
> 0.75 

CEC 

(cmol(+)/kg) 
<5 5-16 17-24 25-40 >60 

Base Saturation 

(%) 
<20 20-40 41-60 61-80 81-100 
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2.4.2 Soil Fertility Evaluation 

After the criteria for each soil chemical parameters (CEC, 

Base Saturation, P2O5, K2O, and Organic C) were 

determined, the soil fertility status was assessed based on 

the technical guidelines for soil fertility evaluation from Soil 

Research Center Bogor (Pusat Penelitian Tanah, 1995) [32] 

presented in Table 2. 

 
Table 2: Soil Fertility Combination according to Pusat Penelitian 

Tanah (1995) [32] 

 

No CEC BS Total P, Total K, Organic Carbon 
Fertility 

Status 

1 H H H ≥2 without L High 

2 H H H ≥2 with L Medium 

3 H H M ≥2 without L High 

4 H H M ≥2 with L Medium 

5 H H H > M > L Medium 

6 H H L ≥2 with H Medium 

7 H H L ≥2 with M Low 

8 H M H ≥2 without L High 

9 H M H ≥2 with L Medium 

10 H M M ≥2 Medium 

11 H M Another Combination Low 

12 H L H ≥2 without L Medium 

13 H L H ≥2 with L Low 

14 H L Another Combination Low 

15 M H H ≥2 without L Medium 

16 M H M ≥2 without L Medium 

17 M H Another Combination Low 

18 M M H ≥2 without L Medium 

19 M M M ≥2 without L Medium 

20 M M Another Combination Low 

21 M L 3 H Medium 

22 M L Another Combination Low 

23 L H H ≥2 without L Medium 

24 L H H ≥2 with L Low 

25 L H M ≥2 without L Medium 

26 L H Another Combination Low 

27 L M H ≥2 without L Medium 

28 L M Another Combination Low 

29 L L All Combination Low 

30 VL H, M, L All Combination Very Low 

 

3. Results and Discussion 

3.1 Analysis of soil texture 

The results of the soil texture analysis in Indonesia and 

Burkina Faso are shown in Table 3. 

 
Table 3: Results of the soil texture analysis in Indonesia and 

Burkina Faso 
 

Wonosalam district 

Sample N° Sand % Silt % Clay% Texture 

1 8 44 47 Silty Clay 

2 4 18 78 Clay 

3 10 38 51 Clay 

Mean 7.33 33.33 58.67 Clay 

 
Toudweogo, Burkina Faso 

Sample N° Sand % Silt % Clay% Texture 

1 76.47 15.69 7.84 Sandy 

2 62.75 13.72 23.53 Sandy 

3 68.63 13.72 17.65 Sandy 

Mean 69.28 14.37 16.34 Sandy 

 

The physical analysis revealed a clear contrast between the 

soils of Wonosalam District (Indonesia) and Toudweogo 

(Burkina Faso). The Indonesian soil presented a clayey 

texture (mean: 58.67% clay, 33.33% silt, 7.33% sand), 

whereas the Burkinabe soil showed a sandy texture (mean: 

69.28% sand, 14.37% silt, 16.34% clay).  

In Wonosalam (Indonesia), the soil texture is dominated by 

Clay due to the claystone origin of the soil, which has a clay 

content ranging from 48% to 84% in this region. Indonesia's 

high clay content is indicative of volcanic soils produced 

under humid tropical conditions, which encourage intense 

chemical weathering (Pratamaningsih, M. M. et al, 2023) 
[31]. Clay soils are normally distinguished by their high 

water-holding capacity, increased nutrient retention, and 

stronger aggregation due to the large specific surface area 

and electrochemical activity of clay minerals (Yu, M. et al, 

2022) [45]. These soils may hold cations like Ca²⁺, Mg²⁺, and 

K⁺, while also protecting organic matter from fast 

mineralization. These soils developed in tropical region with 

volcanic parent materials have many unique properties, and 

high potential for agricultural use (Hikmatullah & Nugroho, 

2010) [18]. In contrast, Toudweogo (Burkina Faso) soils are 

sandy, with low clay content and they are frequent in West 

African Sahelian zones, where physical weathering of 

granitic foundations produces coarse-textured soils prone to 

leaching and erosion (Mwangi, J. et al, 2025) [27]. They 

derived from ferruginous tropical soils and aeolian deposits 

(Pal, D. K. et al, 2014) [30]. Sandy soils are characterized by 

large pores, high permeability and very low capacity to 

retain nutrients and organic matter (Bhatt, R. et al, 2025) [7]. 

According to a number of studies, sandy Sahelian soils are 

among the most deteriorated agricultural soils due to their 

inability to effectively store organic matter or fertilizers 

(Kihara, J. et al, 2012; Vågen et al., 2021) [24, 42]. The 

following graph in figure 1, compares the mean soil texture 

from Wonosalam (Indonesia) and Toudweogo (Burkina 

Faso). 

 

 
 

Fig 1: Graphic representing soil texture analysis in Indonesia and 

Burkina Faso 

 

3.2 Analysis of some soil chemical properties 

The results of the soil chemical parameters analysis in 

Indonesia and Burkina Faso are shown in Table 4. 
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Table 4: Results of the soil chemical parameters analysis in Indonesia and Burkina Faso 
 

Wonosalam district, Indonesia 

Sample N° PH (H20) 

Organic 

matter 

(MO)% 

Organic 

Carbon (C) 

% 

Nitrogen (N) 

% 

Phosphorus 

(P) mg/100g 

Potassium (K) 

mg/100g 

Cation exchange 

capacity (CEC) 

Cmol / Kg 

Base 

saturatiom 

(BS) % 

1 5.48 3.48 2.02 0.09 11.49 41.32 20.81 74.49 

2 4.78 2.60 1.51 0.09 15.34 20.07 24.53 60.64 

3 5.42 3.30 1.90 0.15 16.15 97.61 19.83 59.58 

Mean 5.22 3.13 1.81 0.11 14.33 53 21.72 64.90 

Interpretation Acidic Medium Low Low Very low High Medium High 

 
Toudweogo, Burkina Faso 

Sample N° PH (H20) 

Organic 

matter 

(OM)% 

Organic 

Carbon (C) 

% 

Nitrogen (N) 

% 

Phosphorus (P) 

mg/100g 

Potassium (K) 

mg/100g 

Cation exchange 

capacity (CEC) 

Cmol / Kg 

Base 

Saturation 

(BS) % 

1 5,76 1,89 1,04 0,09 2.00 5.55 6,05 64.40 

2 6,01 1,10 0,64 0,06 0.61 2.77 5,47 66.70 

3 5,66 0,70 0,41 0,04 2.39 4.20 6,78 70.80 

Mean 5.81 1.23 0.69 0.06 1.67 4.17 6.10 67.30 

Interpretation 
Slightly 

acidic 
Low Very low Very low Very low Very low Low High 

 

The following graph in figure 2, compares the mean 

chemical properties of soils from Wonosalam (Indonesia) 

and Toudweogo (Burkina Faso). 

 

 
 

Fig 2: Graphic representing soil chemical properties analysis in 

Indonesia and Burkina Faso 

 

3.2.1 Soil pH 

From the results, we noticed that the mean pH was 5.22 in 

Wonosalam (Indonesia) and 5.81 in Toudweogo (Burkina 

Faso). Both soils are acidic, although the Indonesian soil is 

more acidic. Soil pH is one of the most essential soil 

chemical factors since it governs nearly all chemical 

reactions in the soil, including nutrient solubility, microbial 

activity, and cation exchange activities. This pronounced 

acidity in Indonesia is typical of highly weathered soils 

(Ultisols, Oxisols) under high rainfall, which leaches basic 

cations (Ca²⁺, Mg²⁺, K⁺) and increases the dominance of 

exchangeable Al³⁺ and H⁺ ions. In humid tropical regions 

like Indonesia, excessive rainfall causes base cations (Ca²⁺, 

Mg²⁺, K⁺, and Na⁺) to leach, leaving hydrogen (H⁺) and 

aluminum (Al³⁺) ions predominate in the exchange complex 

(Hue N., 2022) [17]. This process explains the stronger 

acidity observed. By contrast, semi-arid areas like Burkina 

Faso have stronger leaching due to less rainfall, which raises 

pH levels a little bit. The mild acidity of Sudano-Sahelian 

soils is usually caused by their low degree of weathering 

(Sidsi, B. et al, 2026) [36]. 

3.2.2 Organic matter and organic carbon 

Organic matter content differed greatly between the two 

soils. Wonosalam soils contained 3.13% organic matter, 

whereas Toudweogo soils contained only 1.23%. Organic 

carbon followed the same trend (1.81% vs 0.69%). This is a 

major fertility difference. Higher soil organic matter (SOM) 

in Indonesia results from a combination of high-density 

tropical vegetation providing massive carbon input, 

consistent heavy rainfall, and waterlogged, anaerobic 

conditions that inhibit decomposition (Jamaluddin et al, 

2024) [21]. By contrast, Organic matter is very low in 

Toudweogo and Sahelian soils are globally known as 

chronically organic-matter-deficient soils. Burkina Faso is in 

the Sudano-Sahelian climate zone, which is defined by: high 

temperatures (typically above 30-40 °C), a protracted dry 

season (7-9 months), little and sporadic rainfall. These 

stimulate microbial activity and speed the mineralization of 

organic wastes (Bationo, A. et al, 2006) [6]. Furthermore, 

there is inadequate rainfall to support dense vegetation. Due 

to low biomass output, very little plant residue returns to the 

soil. As a result, organic matter inputs are quite limited 

(Woomer, P. L. et al, 2022) [44]. 

3.2.3 Nitrogen 

Total nitrogen content was 0.11% in Indonesia and 0.06% in 

Burkina Faso. Both values are low, especially in 

Toudweogo. This nitrogen comes from soil microbes 

decomposing organic matter into ammonium (NH4
+), which 

is then quickly transformed into nitrate (NO3
-) via 

nitrification (Grzyb, A. et al, 2021). Nitrogen availability is 

closely linked to organic matter and as a result, when soil 

organic matter is low, as it is in Burkina Faso, nitrogen 

levels fall as well. Even in Indonesia, where organic matter 

is moderate, it is still insufficient to provide considerable 

amounts of nitrogen for continuous cropping (Chiriac, O. P. 

et al, 2025) [9]. 

3.2.4 Available phosphorus 

Available phosphorus showed a very strong difference: 

14.33 mg/100 g in Indonesia and 1.67 mg/100 g in Burkina 

Faso. This indicates severe phosphorus deficiency in 

Burkina Faso soils. It is one among the least accessible 

nutrients in tropical soils due to its strong fixation by iron 

and aluminum oxides or precipitation with calcium, 

depending on pH. Low soil pH values in each country, 

http://www.multiresearchjournal.com/
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which fall between 5.5 and 6.0 (slightly acidic), are believed 

to be closely related to low total P soil values. According to 

the view of Eviati & Sulaeman (2012) [11], Susanto and 

Nursyamsi (2014) [39], the retention or lack of nutrient P 

content in the land is one of the limiting factors that 

generally grows on any soil with a pH value near acid. Since 

element P is strongly absorbed by acid oxides at near-acid 

pH, the low level of P content of nutrients on the ground, 

either completely or readily, is related to pH. 

3.2.5 Potassium 

Exchangeable potassium showed one of the strongest 

contrasts between the two study sites. The mean potassium 

content reached 53 mg/100 g in Wonosalam (Indonesia), 

classified as high, whereas it was only 4.17 mg/100 g in 

Toudweogo (Burkina Faso). The most important explanation 

for the higher potassium in Indonesia is the clayey texture of 

Wonosalam soils. Clay particles have negative electrical 

charges on their surfaces. These charges attract and hold 

positively charged ions, such K⁺ (Gurav, P. et al, 2019) [14]. 

Therefore, clay soils behave as nutrient reservoirs. Clay 

minerals absorb potassium ions and gradually release them 

to plants; therefore, soil fertility tests consistently indicate a 

high correlation between exchangeable potassium and clay 

content and cation exchange capacity (Havlin, J. et al, 2022) 
[16]. According to the Food and Agriculture Organization of 

the United Nations, the very low potassium content 

measured in Toudweogo is typical of Sudano-Sahelian soils 

and is mainly caused by the combined effects of sandy 

texture, low cation exchange capacity, weak organic matter 

status, climatic conditions and long-term nutrient mining. 

3.2.6 Cation Exchange Capacity and Base Saturation 

Cation exchange capacity (CEC) and base saturation (BS) 

are two closely related chemical markers that characterize 

the soil's ability to retain and provide nutritional cations to 

plants. CEC is the total number of negatively charged 

exchange sites in the soil, while base saturation reflects the 

proportion of those sites filled by basic nutritional cations 

(Ca²⁺, Mg²⁺, K⁺, and Na⁺). The results revealed a significant 

difference between the two research locations. Soils in 

Wonosalam, Indonesia had a medium CEC of 21.72 cmol 

kg⁻¹, while those in Toudweogo, Burkina Faso had a low 

CEC of 6.10 cmol kg⁻¹. In contrast, the base saturation 

percentages were quite similar: 64.9% in Indonesia and 

67.3% in Burkina Faso. The higher CEC measured in 

Wonosalam soils is consistent with their clayey texture and 

higher organic matter content. Clay particles and organic 

colloids provide numerous exchange sites capable of storing 

plant nutrients. Toudweogo's sandy soils (about 69% sand) 

have limited organic matter and few colloidal particles. 

Sandy particles are chemically inert and have virtually no 

electrical charge, therefore they cannot hold cations. As a 

result, nutrients remain in the soil solution and can be easily 

lost by leaching or erosion. Soils with CEC below 10 cmol 

kg⁻¹ have limited nutrient-holding ability and poor buffering 

against fertility decrease (Brady & Weil, 2021). 

Despite the strong difference in CEC, base saturation values 

were high in both soils. Wonosalam soils have a larger 

exchange complex, therefore the same percentage of base 

saturation reflects a substantially greater quantity of 

accessible nutrient cations. High base saturation in clay soils 

typically indicates good chemical fertility, however in sandy 

soils it may merely represent low soil acidity rather than 

nutrient richness (Havlin et al., 2022) [16]. 

 

3.3 Evaluation of fertility status in Wonosalam and 

Toudweogo 

To better understand the productive potential of the studied 

soils, their fertility status was assessed using key chemical 

indicators. The following table 5 summarizes the values of 

exchange capacity, base saturation from each sample and 

their fertility status according to Soil Fertility Combination 

from Pusat Penelitian Tanah (1995) [32]. 

 
Table 5: Result of Analysis of Soil Fertility Status 

 

Wonosalam district, Indonesia 

Sample No CEC BS Fertility status 

1 20.81 (Medium) 74.49 (High) Medium 

2 24.53 (Medium) 60.64 (Medium) Medium 

3 19.83 (Medium) 59.58 (Medium) Medium 

CEC: Cation exchange capacity; BS: Base saturation 

 
Toudweogo, Burkina Faso 

Sample No CEC BS Fertility status 

1 6,05 (Low) 64.40 (High) Low 

2 5,47 (Low) 66.70 (High) Low 

3 6,78 (Low) 70.80 (High) Low 

CEC: Cation exchange capacity; BS: Base saturation 

 

The entire soil fertility status was assessed using two 

integrative indicators: cation exchange capacity (CEC). 

These characteristics combine the soil's ability to store 

nutrients and the proportion of nutrient cations occupying 

the exchange complex, and they are extensively employed 

as global soil fertility indexes in tropical agronomy. The 

results indicate clear differences between the two study 

areas. All samples from Wonosalam District (Indonesia) 

were classified as medium fertility, whereas all samples 

from Toudweogo (Burkina Faso) were classified as low 

fertility. In wonosalam, this fertility level can be attributed 

mostly to the clayey texture and greater organic matter 

content. Clay particles and humus colloids include multiple 

adsorption sites for calcium, magnesium, and potassium, 

reducing nutrient loss by leaching. As a result, nutrients 

remain available in the root zone for an extended period of 

time (Nithin, S. et al, 2025) [29]. As a result in Toudweogo, 

the fertility status was classed as low. The apparent paradox 

of high BS but poor fertility is explained by the soil's low 

nutrient-holding capacity. Soil fertility is low because of the 

sandy texture and low organic matter content. Sahelian soils 

are inherently low in fertility due to a sandy texture and low 

organic matter, resulting in poor nutrient retention and high 

rates of nutrient leaching. Because of low cation exchange 

capacity, applied fertilizers are rapidly lost from the root 

zone, leading to poor crop responses (Srivastava, R. et al, 

2024) [38]. 

 

3.4 Strategies for sustainable soil fertility management in 

Indonesia and Burkina Faso 

The comparative analysis highlighted significant differences 

in soil fertility constraints between Wonosalam (Indonesia) 

and Toudweogo (Burkina Faso). Indonesian soils exhibit 

moderate fertility and Burkinabe soils display very low 

cation exchange capacity (CEC), low organic matter, and 

severe nutrient depletion. Therefore, effective soil fertility 

management strategies must be tailored to address the 

specific limiting factors in each location. 
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https://www.google.com/search?q=cation+exchange+capacity&client=firefox-b-d&hs=hXJp&sca_esv=609101df96b8b3a7&biw=1280&bih=587&sxsrf=ANbL-n4SsNvbq7Fk8oBe6pMH0xzbJm3Xbg%3A1770556411773&ei=-4uIafHwLt2Jg8UPo4mpiQo&ved=2ahUKEwin4qHO_smSAxUZxDgGHZAdGKoQgK4QegQIARAC&uact=5&oq=Soil+fertility+is+low+because+of++the+sandy+texture+and+low+organic+matter+content.+%0D%0AConsequently%2C+nutrients+applied+as+fertilizers+are+rapidly+lost+from+the+root+zone.+This+explains+why+Sahelian+soils+frequently+show+weak+crop+response+to+fertilization+unless+organic+amendments+are+added.&gs_lp=&sclient=gws-wiz-serp&mstk=AUtExfASskQ2DQNS43er4VH7F5quRzw-MA5JD5O5QTirXSe9tqDUxJ_zB_cnEi71CelKVk3qH54Gl9i3Cxx9qirc5yDd05yk4pEukMwykhL19cCfn5WBCDtBmhwtoFngQX4le2x95tQjVg8mJt7Yz_vuOo3CfLOe5yaWrd2sfSnSo7nIDIRaOflaCj1A7jCf_czYeI066NZxKOr-sm6Ix42Gx6fhbx8GLEq4vSe7koecSjY2sXFhC_hCXl_RK7jU9QKbCJKjOF2rbFDNFyL_eHSdP-W9o_7uioJozH4Y8JYNWCCo8A&csui=3
https://www.google.com/search?q=cation+exchange+capacity&client=firefox-b-d&hs=hXJp&sca_esv=609101df96b8b3a7&biw=1280&bih=587&sxsrf=ANbL-n4SsNvbq7Fk8oBe6pMH0xzbJm3Xbg%3A1770556411773&ei=-4uIafHwLt2Jg8UPo4mpiQo&ved=2ahUKEwin4qHO_smSAxUZxDgGHZAdGKoQgK4QegQIARAC&uact=5&oq=Soil+fertility+is+low+because+of++the+sandy+texture+and+low+organic+matter+content.+%0D%0AConsequently%2C+nutrients+applied+as+fertilizers+are+rapidly+lost+from+the+root+zone.+This+explains+why+Sahelian+soils+frequently+show+weak+crop+response+to+fertilization+unless+organic+amendments+are+added.&gs_lp=&sclient=gws-wiz-serp&mstk=AUtExfASskQ2DQNS43er4VH7F5quRzw-MA5JD5O5QTirXSe9tqDUxJ_zB_cnEi71CelKVk3qH54Gl9i3Cxx9qirc5yDd05yk4pEukMwykhL19cCfn5WBCDtBmhwtoFngQX4le2x95tQjVg8mJt7Yz_vuOo3CfLOe5yaWrd2sfSnSo7nIDIRaOflaCj1A7jCf_czYeI066NZxKOr-sm6Ix42Gx6fhbx8GLEq4vSe7koecSjY2sXFhC_hCXl_RK7jU9QKbCJKjOF2rbFDNFyL_eHSdP-W9o_7uioJozH4Y8JYNWCCo8A&csui=3
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For Indonesia, effective soil management involves: Acidity 

amelioration through targeted application of lime or 

dolomite to optimize pH and nutrient availability, avoiding 

over-liming; Phosphorus management using P-efficient 

crops and careful fertilizer application to enhance 

accessibility; Organic matter conservation via agroforestry, 

cover cropping with legumes, and biochar application to 

improve soil properties; and integrated Nutrient 

Management, which balances mineral fertilization with 

organic inputs for enhanced soil health. 

For Burkina Faso, Organic resource management prioritizes 

increasing soil organic carbon through techniques like zai, 

stone lines, and the application of compost and manure to 

enhance water retention and nutrient supply. Targeted 

mineral phosphorus fertilizers and legume rotations are 

crucial for combating nutrient poverty. Soil and water 

conservation is essential as fertility management relies on 

water availability. Micro-dosing fertilizer at planting is an 

effective strategy for resource-poor farmers. Overall, 

promoting climate-smart agriculture and enhancing soil 

health monitoring while empowering local communities is 

vital for sustainable management. Improve the Organic 

matter conservation via agroforestry, cover cropping, and 

biochar application to improve soil properties. 

Comparative studies highlight that tropical clay soils 

(Indonesia) are more resilient to nutrient depletion, while 

semi-arid sandy soils (Burkina Faso) are highly vulnerable 

to degradation. Souza et al. (2024) [37] demonstrated that 

high-activity clay soils in tropical regions maintain critical 

fertility levels longer due to their buffering capacity, even 

under intensive cultivation. Husein et al. (2021) [20] 

emphasized that semi-arid sandy soils are highly vulnerable 

to degradation, with fertility declining rapidly unless 

conservation agriculture and organic amendments are 

applied. According to Juo, A. S. R., & Franzluebbers, K. 

(2003) [23], moderately weathered tropical soils derived from 

basalt or volcanic parent material are invariably more fertile 

than sandy soils derived from quartzite or granite, 

confirming the resilience of Indonesia’s soils compared to 

Burkina Faso’s. 

 

4. Conclusion 

The comparison of soil fertility in Wonosalam (Indonesia) 

and Toudweogo (Burkina Faso) demonstrates the significant 

impact of agro-ecological circumstances on soil 

characteristics and agricultural sustainability. Despite 

acidity, poor nitrogen and phosphate availability, Indonesia's 

clay-rich soils benefit from increased organic matter, 

potassium stores, and moderate cation exchange capacity. 

These traits, when combined with lime application, 

coordinated nutrient management, and careful water 

regulation, lay the groundwork for long-term productivity. 

In contrast, Burkina Faso's sandy soils have very low 

organic matter, nitrogen, phosphorus, potassium, and cation 

exchange capacity. Despite high base saturation, nutrient 

stocks are limited, leaving these soils vulnerable and reliant 

on organic additions, agroforestry, and conservation 

agriculture for fertility restoration. 

This comparison demonstrates that soil fertility challenges 

vary by context: tropical clay soils in Indonesia are more 

resilient but require interventions to address acidity and 

nutrient imbalances, whereas semi-arid sandy soils in 

Burkina Faso necessitate intensive organic input strategies 

to increase fertility and resilience to degradation. 

Finally, sustained soil fertility management in both nations 

necessitates locally tailored solutions that integrate 

ecological restoration with socioeconomic support for 

farmers. To grow organic farming systems that improve 

productivity, resilience, and long-term sustainability, farmer 

training must be strengthened, organic inputs made more 

accessible, and supportive policies implemented. 

 

5. References 

1. Abe SS, Ashida K, Kamil MI, Tobisaka K, Kamarudin 

KN, Umami IM. Land use and management effects on 

volcanic soils in West Sumatra, Indonesia. Geoderma 

Reg. 2020; 22:e00308. 

2. Ali L, Xiukang W, Naveed M, Ashraf S, Nadeem SM, 

Haider FU, et al. Impact of biochar application on 

germination behavior and early growth of maize 

seedlings: Insights from a growth room experiment. 

Applied Sciences. 2021; 11(24):11666. 

3. Ariadi H, Wafi A, Madusari BD. Dissolved Oxygen 

Dynamics (Case Study in Shrimp Cultivation). Adab 

Publisher, 2021. 

4. Bassolé Z, Yanogo IP, Idani FT. Caractérisation des 

sols ferrugineux tropicaux lessivés et des sols bruns 

eutrophes tropicaux pour l’utilisation agricole dans le 

bas-fond de Goundi-Djoro (Burkina Faso). Int. J. Bio. 

Chem. Sci. 2023; 17:247-266. 

5. Bationo A, et al. Improving Soil Fertility 

Recommendations in Africa Using the Decision 

Support System for Agrotechnology Transfer (DSSAT), 

2021. 

6. Bationo A, Kihara J, Vanlauwe B, Waswa B, Kimetu J. 

Soil organic carbon dynamics, functions and 

management in West African agro-ecosystems. 

Agricultural Systems. 2006; 94(1):13-25. 

7. Bhatt R, Kunal Garg AK, Majumder D, Verma KK, 

Wagner De Oliveira M. Soil texture: Unlocking fertility 

and productivity for better crops. Critical Reviews 

Journal. 2025; 13(3):396-408. 

8. Chavez J, Nijman V, Sukmadewi DKT, Sadnyana MD, 

Manson S, Campera M. Impact of farm management on 

soil fertility in agroforestry systems in Bali, Indonesia. 

Sustainability. MDPI. 2024; 16(18):7052. Doi: 

https://doi.org/10.3390/su16187052 

9. Chiriac OP, Pittarello M, Moretti B, Zavattaro L. 

Factors influencing nitrogen derived from soil organic 

matter mineralisation: Results from a long-term 

experiment. Agriculture, Ecosystems & Environment. 

2025; 381:109444. 

10. Ebanyat P, De Ridder N, Bekunda M, Delve RJ, Giller 

KE. Efficacy of Nutrient Management Options for 

Finger Millet Production on Degraded Smallholder 

Farms in Eastern Uganda. Front. Sustain. Food Syst. 

2021; 5:674926. 

11. Eviati, Sulaeman. Chemical analysis of soil, plants, 

water, and fertilizer (Technical Instructions, 2nd 

Edition). Bogor: Soil Research Institute, Agricultural 

Research and Development Agency, Ministry of 

Agriculture, Republic of Indonesia, 2012. ISBN: 978-

602-8039-49-9 

12. FAO. Phosphorus and soil fertility. In: Plant nutrition 

and crop production (Chapter 32). Rome: Food and 

Agriculture Organization of the United Nations, 1990.  

13. FAO. State of food security and nutrition in the world. 

Rome, Italy: Food and Agricultural Organization, 2017. 

http://www.multiresearchjournal.com/
https://doi.org/10.3390/su16187052


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2853 

14. Gurav PP, Choudhari PL, Srivastava S. Role of clay 

minerals in potassium availability of black soils in 

India. Open Access Journal of Science. 2019; 2(1):51. 

15. Grzyb A, Wolna-Maruwka A, Niewiadomska A. The 

significance of microbial transformation of nitrogen 

compounds in the light of integrated crop management. 

Agronomy. 2021; 11(7):1415. 

16. Havlin JL, Tisdale SL, Nelson WL, Beaton JD. Soil 

fertility and fertilizers: An introduction to nutrient 

management (8th ed.). Pearson Higher Education, 2022. 

ISBN: 9780135033739 

17. Hue N. Soil acidity: Development, impacts, and 

management. In B. Giri, A. E. Hartemink, & R. Lal 

(Eds.), Structure and functions of pedosphere. 

Singapore: Springer, 2022, 103-131. 

18. Hikmatullah H, Nugroho K. Tropical volcanic soils 

from Flores Island, Indonesia. Journal of Tropical Soils. 

2010; 15(1):83-93. 

19. Hildegardis C, Saraswati AAAO, Dewi NKA. Review 

of thermal comfort in warm humid climate for 

traditional architecture in Indonesia. In ISTEcS 2019: 

Equity and Justice in Urban Housing Development. 

KnE Social Sciences, 2019, 151-166. Doi: 

https://doi.org/10.18502/kss.v3i21.4976 

20. Husein HH, Lucke B, Bäumler R, Sahwan W. A 

contribution to soil fertility assessment for arid and 

semi-arid lands. Soil Systems. 2021; 5(3):42. Doi: 

https://doi.org/10.3390/soilsystems5030042 

21. Jamaluddin Schöpfer K, Wagreich M, Maria G, Gier S, 

Fathy D. Effect of depositional environment and 

climate on organic matter enrichment in sediments of 

the Upper Miocene-Pliocene Kampungbaru Formation, 

Lower Kutai Basin, Indonesia. Geosciences. 2024; 

14(6):164. 

22. Jones A, Breuning-Madsen H, Brossard M, et al., eds. 

Soil atlas of Africa. Luxembourg: Publications Office 

of the European Union, 2013. 

23. Juo ASR, Franzluebbers K. Tropical soils: Properties 

and management for sustainable agriculture. New York: 

Oxford University Press, 2003. ISBN: 9780195115989 

24. Kihara J, Fatondji D, Jones JW, Hoogenboom G, Tabo 

R, Bationo A. (Eds.). Improving soil fertility 

recommendations in Africa using the Decision Support 

System for Agrotechnology Transfer (DSSAT), 2012. 

25. Mohanty B, Pradhan D, Das R, Das MT. 

Biogeochemical Cycles in Soil Microbiomes in 

Response to Climate Change, 2021, 491-519. Doi: 

https://doi.org/10.1007/978-3-030-76863-8_26 

26. Munawar A. Soil fertility and plant nutrition. PT 

Penerbit IPB Press, 2018. 

27. Mwangi J, Juma A, Odhiambo S. Soil fertility and 

nutrient dynamics under conservation agriculture in the 

semi-arid region of Burkina Faso, 2025. 

28. Newborne P. Water for cities and rural areas in contexts 

of climate variability: Assessing paths to shared 

prosperity - the example of Burkina Faso. Field Actions 

Science, 2016. 

29. Nithin S, Beena VI, Nayana MV, Omjinath MS. Soil-

solution interactions and adsorption mechanisms of 

calcium and boron in agricultural soils: A 

comprehensive review. International Journal of Plant & 

Soil Science. 2025; 37(8):1-15. 

30. Pal DK, Wani SP, Sahrawat KL, Srivastava P. Red 

ferruginous soils of tropical Indian environments: A 

review of the pedogenic processes and its implications 

for edaphology. Catena. 2014; 121:260-278. 

31. Pratamaningsih MM, Hati DP, Erwinda E, Muslim RQ, 

Hikmat M, Purwanto S. Soil characteristics and 

management of Ultisols derived from claystones of 

Sumatra. Journal of Tropical Soils. 2023; 29(3):115-

125. Doi: https://doi.org/10.5400/jts.2024.v29i3.115-

125 

32. Pusat Penelitian Tanah. Petunjuk Teknis Evaluasi 

Kesuburan Tanah. Bogor: Laporan Teknis No.14. Versi 

1,0. 1. REP II Project, CSAR, 1995. 

33. Reports, Special Issue 14, Environmental and social 

acceptability of major industrial projects: From risk 

management to shared prosperity. Paris: Institut Veolia. 

Retrieved from: 

https://journals.openedition.org/factsreports/4262 

34. Tudi M, Li HY, Li HR, Wang L, Yang LS, Tong SM, et 

al. Evaluation of Soil Nutrient Characteristics in 

Tianshan Mountains, North-western China. Ecol. Indic. 

2022; 143:109431. 

35. Rasmussen K, Fensholt R, Fog B, Rasmussen LV, 

Yanogo I. Explaining NDVI trends in northern Burkina 

Faso. Journal of Geography. 2014; 114:17-24. 

36. Sidsi B, Vounba C, Basga SD, Nzeukou AN, Dedzo 

MG, Tsozué D. Soil characteristics, land suitability and 

effect of trachyte and basalt rock powders on maize 

(Zea mays L.) growth and yield on Fluvisols in 

Cameroon's Sudano-Sahelian zone (Central Africa). 

SOIL. 2026; 12(1):55-78. 

37. Souza HA, Lima Neto AJ, Pompeu RCFF, et al. Critical 

levels and fertility classes of soils with high-activity 

clay in the Brazilian semi-arid region. Revista Brasileira 

de Ciência do Solo. 2024; 48:e0230154. Doi: 

https://doi.org/10.36783/18069657rbcs20230154 

38. Srivastava RK, Purohit S, Alam E, Islam MK. 

Advancements in soil management: Optimizing crop 

production through interdisciplinary approaches. 

Journal of Agriculture and Food Research. 2024; 

18:101528. 

39. Susanto S, Nursyamsi D. Calibration of soil P test and 

phosphorus fertilizer requirement for pepper (Capsicum 

annuum L.) in Inceptisols. Journal of Agronomy. 2014; 

13(2):65-71. 

40. Tang L. Soil fertility, plant nutrition and nutrient 

management. Plants. MDPI. 2025; 14(1):34. Doi: 

https://doi.org/10.3390/plants14010034 

41. Tahirah SM. The effect of nutrient combination and 

foliar fertilizer application on the growth and yield of 

curly lettuce (Lactuca sativa L.) using a substrate 

hydroponic system (Undergraduate thesis). Brawijaya 

University, Faculty of Agriculture, Malang, Indonesia, 

2023. 

42. Vågen T-G, Winowiecki L, Tondoh JE, Aynekulu E, 

Hartemink AE. Soil health and land degradation in the 

Sahel. Geoderma. 2021; 404:115-345. 

43. Westerberg V. The economics of conventional and 

organic cotton production. A case study of the 

Commune of Banikoara in Benin. Report submitted to 

the Land Degradation Economics Initiative, 2017. 

44. Woomer PL, Roobroeck D, Alia DY. Blending climate 

action and rural development in Africa’s Sahel. In O. 

Özçatalbaş (Ed.), Sustainable rural development: 

Perspective and global challenges, 2022, 1-20. 

45. Yu M, Tariq SM, Yang H. Engineering clay minerals to 

http://www.multiresearchjournal.com/
https://doi.org/10.18502/kss.v3i21.4976
https://doi.org/10.3390/soilsystems5030042
https://doi.org/10.5400/jts.2024.v29i3.115-125
https://doi.org/10.5400/jts.2024.v29i3.115-125
https://journals.openedition.org/factsreports/4262
https://doi.org/10.36783/18069657rbcs20230154
https://doi.org/10.3390/plants14010034


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2854 

manage the functions of soils. Clay Minerals. 2022; 

57(3):177-192. Doi: 

https://doi.org/10.1180/clm.2022.19 

http://www.multiresearchjournal.com/
https://doi.org/10.1180/clm.2022.19

