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Integrated Analysis of Organic Carbon and Soil Fertility Indicators in Peri-Urban Agricultural Lowlands in Northern Côte d'Ivoire in A Context of Climate Change 
ABSTRACT 
The urban and peri-urban lowlands of northern Côte d’Ivoire are vital for ensuring local food security and meeting the growing demand for staple food production in cities such as Korhogo. However, these environments are under increasing pressure from soil degradation, characterised by a decline in organic carbon content, acidification and nutrient deficiencies. They are also impacted by climate change, including precipitation variability, droughts and rising temperatures. Despite their considerable agronomic and environmental potential, data on soil organic carbon stocks and the physicochemical properties of these areas is insufficient, which hinders the development of sustainable agricultural strategies. Conducted in December 2024, this study aimed to undertake an integrated analysis of soil organic carbon and physicochemical parameters in two representative peri-urban lowlands in the Korhogo region (Natio and Logokaha). The study sought to characterise the agronomic and ecological potential of these areas, identify major constraints affecting production systems under conditions of climatic variability, and propose ways to sustainably improve soil fertility. The methodology involved taking stratified soil samples at two depths (0–20 cm and 20–40 cm) along transects designed to capture topographical variability. Physico-chemical properties and bulk density were analysed in the laboratory, followed by statistical analysis of the measured parameters. The results indicate that the soils at both sites are predominantly silty and generally low in fertility, particularly with regard to organic carbon, total nitrogen, available phosphorus and exchangeable bases. There was a particular deficiency of phosphorus, and elevated sodium concentrations pose a risk of sodification. The organic carbon stock was found to be higher at Logokaha. This spatial variability highlights the need for management practices that are tailored to specific topographical units. In order to preserve and enhance soil fertility, an integrated management approach combining regular organic amendments, liming materials, judicious phosphorus fertilisation and optimised water management is recommended, thereby strengthening soil resilience in the face of climate change.
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1. INTRODUCTION 
The urban and peri-urban lowland areas of northern Côte d'Ivoire are agroecosystems with great potential for ensuring food security, managing natural resources sustainably, and mitigating the effects of climate change. These environments are characterised by high water availability during the rainy season and temporarily hydromorphic soils. They are intensively exploited for diversified food production (Jean-Philippe et al., 2024). However, rapid urbanisation around towns such as Korhogo, Ferkessédougou and Boundiali is putting increasing pressure on this farmland, which has become crucial to local food supplies (Ouattara et al., 2022). However, the sustainability of these agro-ecosystems is compromised by two constraints : progressive soil degradation, characterised by a decline in soil organic carbon (SOC), low cation exchange capacity, acidification, and a lack of essential nutrients (N'Guessan et al., 2019), and the increasing effects of climate change, including variable rainfall patterns, intensified droughts, and rising average temperatures (Legg, 2021). Tropical ferruginous soils, which are mainly found in northern Côte d'Ivoire, often have organic matter levels below 1.5%. This severely limits their water retention capacity, chemical fertility and resilience to climatic stress (Koné et al., 2020 ; Alphonse et al., 2020). This low SOC content is a major limiting factor for sustainable agricultural productivity. Nevertheless, SOC plays a vital role in the ecological functioning of agro-ecosystems, contributing to soil structuring, nutrient storage and availability, buffering capacity, and atmospheric carbon sequestration (Lal, 2004 ; Paustian et al., 2016). Recent studies have shown that adopting agroecological practices, such as applying local plant biomasses (e.g. Chromolaena odorata and Azolla filiculoides), restoring crop residues, improving fallows and implementing crop rotations, improves soil physicochemical parameters and increases organic carbon stocks (Tittonell & Giller, 2013 ; Konan et al., 2025). In some cases, rates of soil organic carbon (SOC) increase of up to 1.87% per year in the 0–10 cm soil depth have been reported in the humid tropics, with positive effects on yield stability (Assiri et al., 2022). Despite their strategic importance, quantitative data on edaphic properties and organic carbon stocks in peri-urban agricultural lowlands in northern Côte d'Ivoire remains limited. This lack of reliable information hinders the development of sustainable agricultural policies and the implementation of climate change adaptation strategies at a local level. Against this backdrop, this study aims to carry out an integrated analysis of soil organic carbon and physicochemical fertility indicators in peri-urban agricultural lowlands in northern Côte d'Ivoire. This study aims to characterise the agronomic and ecological potential of these areas, identify the main challenges to their sustainability, and suggest ways to support national policies for sustainable land management and climate adaptation.
2. MATERIALS AND METHODS  
2.1 Study sites 
The study was conducted in the Korhogo region of northern Côte d'Ivoire, between latitudes 9°20' and 10°10' North, and longitudes 5°20' and 6°10' West. The area falls within the Sudano-Guinean climate zone, characterised by bimodal rainfall : a rainy season from May to October, followed by a dry season from November to April. The climate is generally hot and humid, with an average annual temperature of around 27 °C and annual rainfall of between 1,200 and 1,400 mm (Alui, et al., 2020). In this agro-ecological context, two lowlands on the outskirts of Korhogo were selected for investigation : Logokaha and Natio (Figure 1). These sites were chosen due to their representation of peri-urban agricultural dynamics and logistical accessibility, as well as the increasing pressure on land resulting from the intensification of food crop activities associated with urban expansion.
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Fig 1: Map showing the location of the study sites (Logokaha and Natio) 
2.2 Soil sampling 
Two peri-urban lowlands in the Korhogo region (Fig 1) were selected for their representativeness. The sampling protocol adopted a stratified approach (Figures 2A and 2B) at depth (Cusack & Turner., 2021), distinguishing two horizons : 0–20 cm and 20–40 cm. At each site, three transverse transects were laid out along representative longitudinal segments to cover topographical variability, ranging from hydromorphic peripheral areas to better-drained central areas. This strategy aimed to incorporate the edaphic variability induced by microtopography. Samples were taken using an Edelman auger and then homogenised by horizon to form one composite sample per transect. Each site provided six composites, for a total of twelve samples. These were then packaged, labelled, and transported to the laboratory under conditions that ensured the stability of their physicochemical properties.

[image: image2] 
A: Sampling device in Logokaha lowland B: Sampling device in Natio lowland              
Fig 2 : Sampling devices in the Natio and Logokaha lowlands
2.3 Determination of apparent density 
The bulk density (Da) was determined gravimetrically using intact soil cores taken with a standardised metal cylinder driven vertically down to a depth of 30 cm at 10 cm intervals along each transect. The extracted samples were packed in airtight bags, weighed while fresh, and then dried at 105 °C for 24 hours to determine their dry mass. Da was then calculated using the following formula :

Da = P/V, where P is the dry weight (g) and V is the volume of the cylinder (cm³). 
2.4 Physico-chemical analysis of soils 
In the laboratory, the samples were sieved to a maximum size of 2 mm in order to isolate the fine fraction. Granulometry was determined using the Robinson pipette method (Gee & Bauder, 1986). The Walkley-Black method (Nelson & Sommers, 1982) was used to determine organic carbon, while total nitrogen was measured using the Kjeldahl method (Bremner, 1996), which is based on acid digestion followed by distillation and ammonia titration. Exchangeable bases ( Ca²⁺, Mg²⁺ and K⁺) were extracted using an ammonium acetate buffer solution at pH 7. Ca²⁺ and Mg²⁺ were quantified using atomic absorption spectrometry and K⁺ using flame emission spectrometry. Finally, the pH of the soil was determined in a soil-water suspension (1:2) using an electronic pH meter.
 2.5 Assessment of organic carbon stocks
The soil organic carbon (SOC) stock, expressed in megagrams of carbon per hectare (Mg C ha⁻¹), was calculated for each soil horizon by combining the carbon content, bulk density, proportion of coarse elements, and thickness of the layer in question, in accordance with the equation proposed by Konan et al. (2021).
Stock SOC = C × Da × (100 - % EG) × EP, where :

C : carbon content (g C kg⁻¹) ;
Da : apparent density (g cm⁻³) ;

EG : percentage of coarse elements ;

EP = thickness in decimetres (dm). This formula accurately estimates the carbon stored in the fine soil fraction, excluding coarse materials devoid of biological activity.
2.6 Statistical analysis 
Analyses of variance (ANOVAs) were performed using Statistica 7.1 software with a significance threshold of α = 0.05 to compare the means of the physicochemical parameters with the critical values. Graphical representations were generated using Microsoft Excel.
3. RESULTS AND DISCUSSION 
3.1 Results 
3.1.1 Analysis of the physical characteristics of lowland soils 
The results of the soil granulometry analysis are presented in Table 1. In the Logokaha lowland, the soils have a predominantly silty texture. The exception is the hydromorphic upstream zone (Hydro), which has a sandy-clayey-silty texture characterised by high sand (48.3%) and clay (28%) contents. The other locations are characterised by a high proportion of silt (up to 51.86%), combined with a moderate amount of clay (8–30%). In the Natio lowland, the texture is also predominantly silty, except in the central median zone (CBF), where a clay-silt texture is found, characterised by a higher clay content (27%). The sand content of the soils here is generally lower than in Logokaha (30.3–41.18%), while silt remains dominant (35.88–49.7%). Thus, this textural distribution reflects the soil diversity induced by the microtopography and water conditions specific to each lowland.
Table 1 : Granulometric characteristics and textural classes of Logokaha and Natio lowland soils 
	
	Logokaha
	

	Topographical segments 
	Granulometric composition
	Texture

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

	Upstream
	hydro   
	48,3 
	23,7 
	28,0 
	Sandy-clay-silt

	
	CBF  
	44,5 
	25,5 
	30,0 
	Silty

	Medianstream
	Hydro  
	40,14 
	51,86 
	8,0 
	Silty

	
	CBF  
	31,05 
	44,95 
	24,0 
	Silty

	Downstream
	Hydro  
	37,55 
	48,45 
	14,0 
	Silty

	
	 CBF  
	33,62 
	42,38 
	24,0 
	Silty

	
	Natio
	

	Upstream
	hydro   
	41,18 
	35,82 
	23,0 
	Silty

	
	CBF  
	33,05 
	43,95 
	23,0 
	Silty

	Medianstream
	Hydro  
	30,3 
	49,7 
	20,0 
	Silty

	
	CBF  
	32,05 
	40,95 
	27,0 
	Silty-clay

	Downstream
	Hydro  
	31,6 
	46,4 
	22,0 
	Silty

	
	 CBF  
	38,12 
	35,88 
	26,0 
	Silty


 Hydro : hydromorphic zone ; CBF : centre of the lowland
3.1.2 Variation in soil nutrient content according to topography at Logokaha 
Table 2 illustrates the distribution of nutrients in the Logokaha lowland soils in relation to topographical, longitudinal and transverse variations. It highlights the influence of micro-relief on fertility, with significant differences evident depending on the topographical position. The data reveal different dynamics between longitudinal segments (upstream, midstream and downstream) and transverse transects (Hydro and CBF). Overall, the content of organic carbon (OC), organic matter (OM) and total nitrogen (TN) decreases from upstream to downstream, reflecting progressive organic degradation, which is particularly pronounced on the Hydro transect. However, the CBF transect shows slightly higher levels downstream, indicating greater organic stability, which may be related to more favourable vegetative or hydric conditions. The C/N ratio is generally in line with standards and indicates relatively balanced organic matter on both transects. The pH remains acidic but stable (5.8–6.1) and compatible with most tropical crops. Conversely, assimilable phosphorus (Pass) and exchangeable potassium (K⁺) are deficient in all segments, despite slightly higher values in the upstream and median (Hydro) segments. However, these values do not reach the thresholds required for optimum fertility. Exchangeable cations, particularly calcium (Ca²⁺) and magnesium (Mg²⁺), are deficient, especially on the Hydro transect in the middle and at the downstream end. The CBF transect has a higher Ca²⁺ reserve upstream (16 cmol kg⁻¹), but this drops drastically downstream. Furthermore, abnormally high levels of exchangeable sodium (Na⁺) are present in all the segments, with peaks on the CBF transect. This reveals a marked risk of sodification, particularly in a hydromorphic context. Cation exchange capacity (CEC) is satisfactory upstream and in the middle (26–32 cmol kg⁻¹), but decreases sharply downstream, particularly on the Hydro transect, reflecting deterioration in the colloidal complex and nutrient retention. The base saturation rate (BSR) followed the same trend, dropping sharply downstream, particularly on the CBF transect (28.92%), indicating an overall depletion of the adsorbent complex. Finally, the availability of trace elements is contrasting : iron (Fe) remains at adequate levels, while zinc (Zn) falls sharply downstream, particularly on the CBF transect, dropping below critical thresholds and thus becoming a limiting factor for plant nutrition.
Table 2: Distribution of nutrients in Logokaha lowland soils as a function of topographical, longitudinal and transverse variations 
	Soil parameters 
	Topographical segments of the lowland 
	

	
	Upstream
	Medianstream
	Downstream
	Standard

	
	Hydro
	CBF
	Hydro
	CBF
	Hydro
	CBF
	

	Corg (gkg-1)
	5.6
	5.5
	4.9
	4.6
	3.5
	5.2
	15 - 20

	OM (gkg-1)
	9.65
	9.48
	8.45
	7.93
	6.03
	8.97
	20 - 35

	pH
	6
	6.1
	6
	5.8
	5.8
	5.9
	5.5 - 6 .5

	Nt (g.kg-1)
	0.5
	0.5
	0.4
	0.4
	0.3
	0.5
	2 - 5

	C/N
	11.2
	11.0
	12.25
	11.5
	11.67
	10.4
	10 - 12

	Pass. (mgkg-1)
	4.4
	3.8
	4.4
	3.4
	2.9
	2.8
	7 - 10

	K+ (cmolkg-1)
	0.12
	0.15
	0.12
	0.1
	0.11
	0.1
	0.4 - 0.5

	Ca2+ (cmolkg-1)
	13.00
	16.00
	1.55
	3.59
	1.77
	1.15
	≥ 20

	Mg2+ (Cmolkg-1)
	0.62
	1.38
	0.62
	1.38
	1.15
	0.61
	≥ 10

	Na+ (cmolkg-1)
	2.04
	3.77
	2.04
	3.77
	3.01
	2.04
	0.3 - 0.7

	CEC (cmolkg-1)
	26.00
	32.00
	26.00
	32.00
	14
	22
	≥ 10

	SBT (%)
	60.69
	66.56
	60.69
	66.56
	41.34
	28.92
	36-50

	Fe (ppm)
	116.7
	113.4
	118.30
	120.10
	120.1
	121.3
	≥ 4

	Zn (ppm)
	291.9
	291.9
	352.61
	427.61
	68.6
	66.4
	≥ 1


Hydro : hydromorphic zone ; CBF : centre of the lowland ; Pass : Available phosphorus ; OM : organic matter
3.1.3 Distribution of nutrients along longitudinal segments of the Logokaha lowland 
Table 3 shows the average nutrient content of Logokaha lowland soils by longitudinal segment. Overall, no significant variations were observed (P > 0.05), except for assimilable phosphorus (Pass), which was significantly lower at the median (P = .01). Levels of organic carbon (Corg), organic matter (OM) and total nitrogen (Nt) remained stable, as did cation exchange capacity (CEC) and soil base saturation (SBT). There was little variation in exchangeable cations (K⁺, Ca²⁺, Mg²⁺, Na⁺) between segments, while the C/N ratio tended to decrease slightly downstream without reaching statistical significance. Finally, trace elements (Fe and Zn) exhibited non-significant fluctuations.
Table 3 : Nutrient content of Logokaha lowland soils by longitudinal topographic units
	Longitudinal segments
	Upstream
	Medianstream
	Downstream
	P

	Corg (gkg-1)
	4.1±0.00a
	3.65±0.21a
	4.4±0.56a
	.24

	OM (gkg-1)
	7.57±0.45a
	7.27±0.41a
	7.05±0.4a
	.45

	Nt (gkg-1)
	0.4±0.6
	0.35±0.50
	0.31±0.45
	.43

	C/N
	13.67±0.10a
	12.17±0.707a
	11±1.414a
	.13

	Pass (mgkg-1)
	2.8±0.00a
	1.6±0.28b
	2.2±0.14ab
	.01

	K+ (cmolkg-1)
	0.11±0.48
	0.09±0.50
	0.11±0.60
	.24

	Mg2+ (cmolkg-1)
	0.66±0.44
	1.39±0.56
	1.40±0.51
	.24

	Ca2+ (cmolkg-1)
	1.55±0.11
	1.34±0.74
	1.70±0.81
	.24

	Na+ (cmolkg-1)
	2.31±0.12
	3.05±0.17
	2.91±0.10
	.24

	CEC (cmolkg-1)
	18±0.00a
	20±1.41a
	20.5±3.53a
	.55

	SBT (%) 
	25.14±4.98a 
	28.40±6.50a 
	29.26±0.83a 
	.69 

	Fe (ppm) 
	130.4±35.13 
	99.50±32.13 
	104.45±33.10 
	.42 

	Zn (ppm) 
	63.20±20.31 
	63.25±20.15 
	64.2±20.12 
	.43 


 Hydro : hydromorphic zone ; CBF : centre of the lowland ; Pass : Available phosphorus ; OM : organic matter ; P : probability
3.1.4 Variation in nutrients along longitudinal and transverse segments of the Natio lowland 
Table 4 shows the nutrient content of Natio lowland soils, categorised by longitudinal topographic segment (upstream, midstream and downstream) and cross-sectional transect (Hydro and CBF). The results reveal low overall chemical fertility across all segments. Corg, MO and Nt levels remain below reference thresholds, with a slight increase downstream (Hydro), and there is no significant variation between transects. The C/N ratio is higher than normal upstream and indicates poorly decomposed organic matter, but stabilises downstream, particularly on the CBF transect. Levels of assimilable phosphorus (Pass) and exchangeable potassium (K⁺) are very low in all segments, which limits the availability of essential nutrients. CEC shows spatial variability, with acceptable values in the median (Hydro) and downstream (CBF) segments, but insufficient values in the upstream segment. Exchangeable cations (Ca²⁺ and Mg²⁺) are mostly below the recommended thresholds, except for Mg²⁺ in the median (Hydro) and downstream (CBF) transects. Conversely, sodium (Na⁺) shows excessive concentrations, indicating a high risk of sodification, particularly in the middle (Hydro) and downstream (CBF). The SBT remains below standard in all segments, reflecting low base saturation. Finally, although variable, Fe and Zn levels remain sufficient throughout the lowland.
Table 4: Nutrient content of Natio lowland soils by longitudinal topographic segment and transverse transect. 
	Soil parameters 
	Topographic segments of the lowland 
	

	
	Upstream 
	Medianstream 
	Bottom 
	Standard

	
	Hydro 
	CBF 
	Hydro 
	CBF 
	Hydro 
	CBF 
	

	Corg (gkg-1) 
	4.1 
	4.1 
	3.5 
	3.8 
	4.8 
	4 
	15 - 20 

	OM (gkg-1) 
	7.05 
	7.05 
	6.02 
	6.53 
	8.25 
	6.88 
	20 - 35 

	pH 
	5.5 
	5.5 
	5.7 
	5.5 
	5.8 
	5 .5 
	5.5 - 6 .5 

	Nt (gkg-1) 
	0.3 
	0.3 
	0.3 
	0.3 
	0.4 
	0.4 
	2 - 5 

	C/N 
	13.67 
	13.67 
	11.67 
	12.67 
	12.00 
	10.00 
	10 - 12 

	Pass (mgkg-1) 
	2.8 
	2.8 
	1.4 
	1.8 
	2.3 
	2.1 
	7 - 10 

	K+ (cmolkg-1) 
	0.1 
	0.1 
	0.09 
	0.09 
	0.11 
	0.1 
	0.4 - 0.5 

	CEC (cmolkg-1) 
	18 
	18 
	21 
	19 
	18 
	23 
	≥ 20 

	Ca2+ (cmolkg-1) 
	1.24 
	1.87 
	0.82 
	1.87 
	2.34 
	1.07 
	≥ 10 

	Mg2+ (Cmolkg-1) 
	0.44 
	0.89 
	2.34 
	0.44 
	0.70 
	2.10 
	0.3 - 0.7 

	Na+ (cmolkg-1) 
	2.21 
	2.41 
	3.78 
	2.21 
	2.12 
	3.70 
	≥ 10 

	SBT (%) 
	21.61 
	28.68 
	33.06 
	23.74 
	28.68 
	29.85 
	36-50 

	Fe (ppm) 
	125.2 
	135.6 
	103 
	96 
	108.5 
	100.4 
	≥ 4 

	Zn (ppm) 
	63.2 
	63.2 
	63.2 
	63.2 
	63.2 
	63.2 
	≥ 1 


 Hydro : hydromorphic zone ; CBF : centre of the lowland ; Pass : Available phosphorus ; OM : organic matter
3.1.5 Distribution of nutrients along longitudinal segments of the Natio lowland
Table 5 shows the average nutrient content of soils in the Natio Lowland according to longitudinal topographical units (upstream, median, downstream). The results indicate overall stability of the analysed parameters between the different segments, with no statistically significant differences (p > 0.05). The only exception is assimilable phosphorus (Pass), which has a significantly lower content in the median segment (p = .01). Specifically, concentrations of organic carbon (Corg), organic matter (OM), total nitrogen (Nt), exchangeable cations (K⁺, Mg²⁺, Ca²⁺ and Na⁺), cation exchange capacity (CEC), base saturation rate (BSR) and the concentrations of iron (Fe) and zinc (Zn) did not vary significantly according to topographical position. Although the C/N ratio decreases slightly downstream, this trend is not statistically significant.
Table 5 : Nutrient content of Natio lowland soils by longitudinal topographic units
	Longitudinal segments
	Upstream
	Medianstream
	Downstream
	P

	Corg (gkg-1)
	4.1±0.00a
	3.65±0.21a
	4.4±0.56a
	.24

	OM (gkg-1)
	7.57±0.45a
	7.27±0.41a
	7.05±0.4a
	.45

	Nt (gkg-1)
	0.4±0.6
	0.35±0.50
	0.31±0.45
	.43

	C/N
	13.67±0.10a
	12.17±0.70a
	11±1.414a
	.13

	Pass (mgkg-1)
	2.8±0.00a
	1.6±0.28b
	2.2±0.14ab
	.01

	K+ (cmolkg-1)
	0.11±0.48
	0.09±0.50
	0.11±0.60
	.24

	Mg(2+) (cmolkg-1)
	0.66±0.44
	1.39±0.56
	1.40±0.51
	.24

	Ca(2+) (cmolkg-1)
	1.55±0.11
	1.34±0.74
	1.70±0.81
	.24

	Na+ (cmolkg-1)
	2.31±0.12
	3.05±0.17
	2.91±0.10
	.24

	CEC (cmolkg-1)
	18±0.00a
	20±1.41a
	20.5±3.35a
	.55

	SBT (%)
	25.14±4.98a
	28.40±6.59a
	29.26±0.80a
	.69

	Fe (ppm)
	130.4±35.13
	99.50±32.13
	104.45±33.10
	.42

	Zn (ppm)
	63.20±20.31
	63.25±20.15
	64.2±20.12
	.43


 Hydro : hydromorphic zone ; CBF : centre of the lowland ; Pass : Available phosphorus ; OM : organic matter ; P : probability
3.1.6. Variation in carbon stocks in the Logokaha and Natio lowlands according to topographical units
Figure 3 illustrates the spatial distribution of organic carbon stocks in the Logokaha and Natio lowlands according to longitudinal and transverse topographic segments. There is significant variability in the values along the transects. In Logokaha, the highest values were recorded in the upstream hydromorphic zone (ZH) and in the centre of the lowland (CBF), in both the middle and downstream positions. Conversely, the lowest stocks are concentrated in the central upstream zone and the downstream hydromorphic zone. In the Natio lowlands, however, the dynamics are different : the highest levels are found in the downstream hydromorphic zone and in the centre, while the upstream and median zones show the lowest overall values, regardless of the cross-sectional segment. 

[image: image3]
Hydro : hydromorphic zone ; CBF : centre of the lowland
Fig 3 : Variability of organic carbon stocks according to topographical segments in the Logokaha and Natio lowlands.
3.1.7. Comparison of carbon stock in the Logokaha and Natio lowlands 
Figure 4 shows the average carbon values in the Logokaha and Natio lowlands. It illustrates that the Logokaha lowland has higher organic carbon stocks, at 12.14% more than the Natio lowland.  

[image: image4]
Fig 4 : Average carbon stock in the Logokaha and Natio lowlands 
3.2. Discussion 
Granulometric analysis of soils in the Logokaha and Natio lowlands reveals significant variability in texture depending on topographical position, both longitudinally (upstream, midstream and downstream) and transversely (hydromorphic zone and centre of the lowland). This diversity reflects the specific pedogenetic and hydrological dynamics of tropical lowlands (Raunet, 1989). The prevalence of silty textures indicates the impact of settling processes in saturated environments, promoting the accumulation of fine particles in hydromorphic zones and enhancing water retention capacity, which is advantageous for rice cultivation (Naresh, 2016). However, the sandy-clay-silt texture upstream of Logokaha indicates recent inputs of coarser materials related to slope and runoff (Blancaneaux, 1973). In the centre of the Natio lowland, the silty-clay texture indicates sedimentary stability and slow hydric functioning, which favours leaching and clay migration (Yusuf et al., 2025). The pH values measured in the Logokaha and Natio lowlands vary between 5.5 and 7, which is compatible with rice cultivation (Firmin et al., 2017). More neutral values are observed in the upper reaches and in the median hydromorphic zones, reflecting better drainage or inputs enriched with exchangeable bases (Brady & Weil, 2017). The pH level is more acidic downstream, particularly at Natio, where the average is 5.6, which is slightly lower than the average at Logokaha (5.9). This moderate acidity may limit the availability of phosphorus, which is already not very mobile in tropical environments (Ma et al., 2024), giving Logokaha a slight agronomic advantage. In chemical terms, both lowlands have reduced fertility. At Logokaha, the contents of organic carbon, organic matter and total nitrogen are all below half of the critical threshold, reflecting either low organic restitution or advanced biomass degradation, which is probably linked to farming practices (Loveland & Webb, 2003). While the C/N ratio is generally balanced and remains within normal limits, an increase upstream or in hydromorphic zones suggests an accumulation of poorly decomposed matter (Ferreira et al., 2015). Assimilable phosphorus is deficient, particularly downstream, due to its fixation with iron oxides (Tian et al., 2021). Overall, exchangeable cations (Ca²⁺, Mg²⁺ and K⁺) are low, while sodium (Na⁺) levels are high, increasing the risk of sodification and its detrimental effects on soil structure (Chhabra, 2022). Cation exchange capacity (CEC) is generally satisfactory, indicating a good mineral reserve. However, high concentrations of iron and zinc could pose a phytotoxic risk under acidic or reducing conditions (Baquy et al., 2018). At Natio, the chemical parameters are generally homogeneous longitudinally, except for phosphorus (P = .01) ; the variability of phosphorus reflects local accumulation or drainage dynamics. While the C/N ratio remains within normal limits, the low carbon, nitrogen and organic matter content indicates limited chemical fertility (Sempere et al., 2000). The CEC is sufficient in the median and downstream areas, but too low upstream. The base saturation rate (BSR) is particularly low upstream, which suggests more pronounced acidity (Landon, 2014). Furthermore, high levels of iron (Fe) and zinc (Zn) exceed critical thresholds, posing a risk of toxicity, particularly in unstable hydromorphic zones (Falfushynska et al., 2024). Conversely, hydromorphic zones retain more soluble elements, while the centre of the lowlands, although slightly richer in organic matter, remains poor overall. Soil organic carbon stocks (SOCS) reflect the specific hydropedological dynamics of each lowland area, influencing local agroecological resilience and global-scale carbon sequestration potential (FAO, 2021). At Logokaha, the highest levels are found in the upstream hydromorphic zone, where water saturation hinders microbial decomposition and favours carbon accumulation (Lal, 2004). Notable levels are also observed in the central zones in the middle and downstream positions, which are linked to better structural stability and less renewal of organic matter. In contrast, lower stocks in the upstream and downstream areas likely result from increased exposure to erosion and runoff, or a lack of vegetation cover, which exacerbates the loss of organic matter (Kidane & Alemu, 2015). At Natio, carbon concentration is more pronounced downstream, suggesting the trapping of organic residues transported to the surface. Meanwhile, the upstream and median areas remain impoverished, indicating a degradative dynamic accentuated by less hydromorphic conditions. Overall, Logokaha has a storage capacity that is 12.14% greater than that of Natio, probably due to its more continuous plant cover, stable silty texture, and prolonged hydromorphy conditions conducive to preserving organic carbon (Six et al., 2002 ; Don et al., 2011). These differences between the two sites confirm the strategic role of lowland soils in regulating the carbon cycle. If managed properly, they can act as sustainable sinks, helping to reduce greenhouse gas emissions and maintain the fertility of tropical soils (FAO, 2021 ; Lal, 2004). Enhancing this function agronomically requires appropriate management practices, such as maintaining vegetation cover, limiting tillage, adding organic matter and controlling hydrology.
4. CONCLUSION 
A physicochemical analysis of the soils in the Logokaha and Natio lowlands reveals considerable spatial variability, which is mainly controlled by topography, local hydrological conditions, and sedimentary processes. The soils are predominantly silty in texture, but there are notable differences : a sandy-clayey-silty texture in the upstream hydromorphic zone at Logokaha contrasts with a clayey-silty texture in the central median position at Natio. This reflects distinct dynamics of erosion, settling and accumulation. Both sites show low chemical fertility, characterised by low levels of organic carbon, organic matter, total nitrogen and exchangeable cations. There is a particularly marked lack of assimilable phosphorus, especially in the central position, and excessive levels of sodium increase the risk of sodification. While relatively homogeneous in certain areas, fertility deteriorates gradually along the slope, particularly with regard to organic elements on the hydromorphic transect and exchangeable bases on the central transect. There are significant differences in organic carbon stocks between the sites, with Logokaha showing a stock that is 12.14% higher than Natio. This is due to more pronounced hydromorphy, better structural stability and denser vegetation cover. These observations confirm the key role of lowlands as potential carbon sinks in tropical environments and underline the need for differentiated management, combining regular organic inputs, targeted calcium amendments, reasoned phosphorus fertilisation and optimised water control in order to maintain soil fertility and improve resilience to climate change.
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