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Soil Suitability Assessment for the Cultivation of Cocoa (Theobroma cacao L.) in the Rivers State University Teaching and Research Farm
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ABSTRACT
[bookmark: _Hlk217132261]The suitability of soil for a particular crop is determined by matching the soil's intrinsic properties (e.g., texture, pH, organic matter content, nutrient status, and drainage) with the specific requirements of the crop. A proper assessment of soil suitability is a prerequisite for achieving optimal and sustainable agricultural production. This study evaluated the suitability of soils at Rivers State University (RSU) Teaching and Research Farm for sustainable cultivation using a rigid grid soil survey method and three mapping units were identified and delineated. Each of the Mapping units was represented by a soil profile described from the bottom to top to avoid contamination. Soil samples were collected from the three different profile pits and analyzed for their physical and chemical properties. Land suitability was determined by matching the soil's characteristics to the requirements for cocoa production, adhering to the "law of the minimum". The results indicated that the soils were dominated by sand particles (60-83%), with textures ranging from sandy loam to sandy clay loam. This high sand content provides good drainage, which is beneficial for cocoa. The soils also have a low bulk density (0.40–0.49 g cm-³), suggesting good porosity for root development. Soil reaction was slightly to moderately acidic, with a pH ranging from 4.0 to 6.5. Organic C, total-N, available-P, and exchangeable bases (Ca, Mg, K, Na) were found to be generally low to moderate. The study concluded that the soils of the study area were moderately suitable (S2) for cocoa production. While favorable physical properties provide a strong foundation, chemical limitations—particularly low fertility, moderate acidity, and limited nutrient reserves must be managed. The study recommends management practices such as liming, incorporating organic matter, and applying balanced fertilizers to improve soil fertility and ensure the long-term productivity of cocoa plantations in the area.
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[bookmark: _Toc211944678]INTRODUCTION	
“Soil suitability assessments aid in identifying constraints to productivity, which are necessary for adopting relevant management practices to improve yields” (Omotayo et al., 2024). “The lack of detailed land suitability assessments for cocoa, a high‑value crop with the potential to improve livelihoods in the region, exacerbates these challenges. Without proper land evaluation, farmers may unknowingly cultivate cocoa on unsuitable land, leading to crop failure, wasted resources, and economic hardship” (Rojas-Briceño et al., 2022; Awwal, 2025). Cocoa (Theobroma cacao L.) is a vital cash crop and a major source of foreign exchange for Nigeria. “It contributes significantly to the country's Gross Domestic Product (GDP) and provides livelihoods for millions of smallholder farmers” (Oluyole, 2017). “Increasing cocoa production and providing food security requires cocoa crops to be grown in areas where they are best suited, and to achieve this, the first and foremost requirement is to carry out land suitability analysis” (Osei-Gyabaah et al., 2023).  Despite its economic importance, Nigeria's cocoa production has faced several challenges, leading to a decline in its global ranking from the second-largest producer in the 1970s to the fourth today. Some of the key factors responsible for this decline include climate change, aging plantations, pests and diseases, poor farm management practices, and, importantly, the use of unsuitable soils (Adebayo et al., 2020). Rivers State, located in the Niger Delta region of Nigeria within the tropical rainforest climate characterized by high rainfall and humidity, conditions generally favorable for cocoa cultivation. However, the diverse soil types in the state, which are a product of different parent materials and geomorphological processes, may not all be suitable for this crop. The suitability of soil for a particular crop is determined by matching the soil's intrinsic properties (e.g., texture, pH, organic matter content, nutrient status, and drainage) with the specific requirements of the crop (FAO, 1976). A proper assessment of soil suitability is a prerequisite for achieving optimal and sustainable agricultural production. It helps in identifying the major limiting factors for crop growth and allows for the development of appropriate land management strategies to overcome these limitations (Senjobi, 2007). This study aims to evaluate the suitability of the soils of RSU teaching and research farm for the cultivation of cocoa. Rivers State, while climatically favorable for cocoa, has no record/work on the suitability of its soils for this crop. Specifically, there is a knowledge gap regarding the specific soil characteristics of the RSU land and their potential to support cocoa cultivation. Without this information, land use planning for agricultural purposes on the campus remains arbitrary, and any attempt to establish a cocoa plantation could fail due to inherent soil limitations. This study seeks to address this gap by providing a scientific basis for land use decisions related to cocoa farming on the university's land. This research is important and timely. It will help improve cocoa farming in a way that supports farmers, protects the land, informs policies, and strengthens education and research at RSU. The results will benefit not just the university, but also the wider Rivers State region.
The main objective of this research was to conduct a comprehensive suitability assessment of the soils currently utilized for cocoa cultivation within Rivers State University and its immediate environs, The RSU Teaching and Research Farm is located within the university's campus in Port Harcourt, Nigeria. The farm is an integral part of the Faculty of Agriculture which was established in 1973 as the School of Agriculture, Fisheries and Forestry. The farm is located on the university campus in Port Harcourt. It is placed approximately at latitude 4°48'N and longitude 6°58'E. The annual rainfall in the area ranges from 2,000 to 3,000 mm. The wet season typically lasts from March to November, with a peak in July and September. Average temperature is between 25-28 °C with relative humidity of 70-85%.







Fig 1. Maps showing Study Area
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METHODOLOGY 
Soil Sample Preparation 
The samples collected were air dried, grounded and were sieved using 2mm sieve and subjected to routine laboratory analysis. “The physical and chemical attributes of the soil samples were determined in the laboratory. Particle size distribution was determined by the hydrometer method described” by Wang et al. (2022). “Bulk density was determined using the clod method by Liu et al. (2020). Soil reaction (pH) determination was performed in 1:1 water ratio using a glass electrode pH meter” (Zhou et al., 2022). “Electrical conductivity was measured using an electrical conductivity meter; soil organic carbon was determined using method” by He et al. (2022); Total-N was determined using the Macro-Kjeldahl Method (1996, 2008), while total-N was calculated using the Macro Kjeldahl digestion method (Hicks et al., 2022). “Available-P was also determined using the method” described by Lin et al. (2022). “Exchangeable cations (Ca²⁺, Mg²⁺, K⁺, and Na⁺) were all determined using the ammonium acetate saturation method” by Zhao et al. (2020). “Effective Cation Exchange Capacity (ECEC) was calculated by adding total exchangeable bases and total exchangeable acidity, and Percentage Base Saturation was calculated by expressing the total exchangeable bases as a function of CEC. Exchangeable acidity was determined using the EDTA titration method” (Zhao et al., 2020). 
[bookmark: _Toc211944694]Land Suitability Evaluation (LSE)
Land suitability evaluation of the study area was carried out using the guidelines provided for production of cocoa. The potentials and limitations of five land qualities/characteristics (climate, topography, wetness, soil physical properties and soil fertility) in determining the suitability of the soils identified in the study area for the cultivation of cocoa crops were evaluated using the suitability guidelines for cocoa cultivation as modified by Fasina et al (2007). “Land suitability classes were obtained by matching some of the land qualities with the land use requirements for cocoa production in the study area. Aggregate suitability class of each pedon, was obtained in line with the law of minimum which states that performance is always determined by the least favourable characteristic or plant nutrients in the lowest supply" (FAO, 1984).





[bookmark: _Toc211944695][bookmark: _Toc211944571]Table 1: Land Quality Rating for Sustainable Cocoa Production 
[image: C:\Users\USER PC\Desktop\New folder (20)\IMG-20250919-WA0021 (2).jpg]
[bookmark: _Toc211944697][bookmark: _Toc211944698]RESULTS AND DISCUSSION
 Morphological properties of the soils of the study area
Results of morphological properties of soils in the study area as shown in Table 1 revealed that, soil colour in pedon 1 varied from very dark grayish brown to dark yellowish brown this indicates that the very dark grayish brown is rich in organic matter as you move deeper, organic matter decreases so the colour becomes lighter and moves to yellowish/brown, then strong brown which indicates the strong presence of (Fe2O3)as organic matter influence decreases, then reddish yellow indicates an even more advanced weathering with hematite and well oxidized iron minerals dominating 




[bookmark: _Toc211944572][bookmark: _Toc211944699]Table 2 Morphological Properties of Soil of the Study Area
	S/N
	Pedon Design
	Horizon
(Depth)
	Colour 
(Moist)
	Texture
	Structure
	Consistence
	Drainage
	Boundary
	Roots

	
	
	
	
	
	Pedon 1
	
	
	
	

	
	AP
	0-13
	10YR
	LS
	Sbk
	Friable,Non-Sticky
	W.D
	Clear
	M M

	
	A
	13-32
	10YR
	SCL
	Sbk
	Slightly Sticky
	W.D
	Clear
	FR

	
	AB
	32-81
	7.5YR
	LC
	Sbk
	Sticky
	W.D
	Clear
	VF R

	
	B
	81-200
	7.5YR
	SCL
	Sbk
	Vey Sticky
	W.D
	Clear
	VFR

	
	
	
	
	
	Pedon 2
	
	
	
	

	
	Ah
	0-11
	10YR
	LS
	Sbk
	Friable, Non-Sticky
	W.D
	Clear
	M M

	
	A
	11-28
	10YR
	LS
	Sbk
	Friable, N on-Sticky
	W.D
	Clear
	FR

	
	AB
	28-73
	7.5YR
	SCL
	Snk
	Slightly Sticky
	W.D
	Clear
	VFR

	
	B
	73-200
	7.5YR
	SCL
	Sbk
	Sticky
	W.D
	Clear
	VFR

	
	
	
	
	
	Pedon3
	
	
	
	

	
	Ah
	0-30
	10YR
	LS
	Sbk
	Friable, N on-Sticky
	W.D
	Clear
	MM

	
	A
	30-46
	7.5YR
	SCL
	Sbk
	Friable, N on-Sticky
	W.D
	Clear
	MM

	
	AB
	46-74
	10YR
	SCL
	Sbk
	Friable, N on-Sticky
	W.D
	Clear
	FR

	
	B
	74-200
	10YR
	SCL
	Sbk
	Slightly Sticky
	W.D
	Clear
	VFR


Remark: W.D. = ?
	
	
[bookmark: _GoBack]Then Pedon 2 varied from dark brown which indicates moderate organic matter mixed with mineral soil, that moves to very dark grayish brown (sub-surface horizon, A) suggests a zone richer in humus or accumulated organic matter, often darker due to decomposition products, then the third horizon and fourth has a strong brown colour which indicates that organic matter influence is low, and the colour is controlled by minerals especially iron oxides. Pedon 3 ranged from very dark brown for the first horizon which tells us that the horizon has a high level of organic matter from litter and root decomposition to brown for the second horizon which tells us that organic matter; humus influence is weaker than at the surface, then the third and fourth horizon has dark yellowish brown; it indicates little organic matter; colour dominated by iron oxides and minerals. This observation was in line with the findings of Adegbite and Ogunwale (1994) who reported that “the brighter the colour of the soils, the higher the drainage condition. That is, soil colour graduation is a good tool for interpreting the drainage conditions of soils. The very dark grayish brown at the surface of Pedon 1 could be attributed to the presence of organic matter. The textural class shows the presence of some weathering materials such as sand, silt and clay particles arising from the parent material from which the soils were formed. Soil textural class ranged from loamy sand to sandy clay loam”. The increase in sand particles in the various three different profile pit was in line with the findings in Akamigbo and Asadu (1983) who revealed that “relative high sand content of the soils in southern Nigeria is as arising of the parent from which the soils were derived”. The textural gradient of the 3 profile pits ranges from loamy sand to sandy clay loam, loamy sand which indicates the high sand content, low water and nutrient retention and sandy clay loam indicates higher clay content, better water and nutrient holding capacity. A soil ranging from loamy sand to sandy clay loam indicates a coarse- textured topsoil over a finer- textured sub-soil, reflecting normal soil borzoj development (eluviation and illuviation), moderate weathering and variable fertility and water holding properties. All the profiles in the study area show that soil structures were all sub angular blocky. A sub-angular blocky soil breaks into block-like peds that have rounded edges and corners. This indicates moderate soil development but also not highly weathered. It is common in clay loam and clay soils in the subsoil. The profile was friable, slightly sticky, sticky and very sticky in the first, then Friable (non-sticky), friable (non-sticky), slightly sticky and sticky for the second profile. The third profile was Friable (non-sticky), Friable (non-sticky), friable (non-sticky) and then slightly sticky for the last horizon. The soils of the three pedons were all well drained. “The good drainage conditions could be attributed to high sand content of the soil especially at surface horizons in the different profile and the type of parent materials from which the soils were formed” (Aki et al 2017). “Good drainage encourages aeration, Infiltration of water down the soil depth, thereby increasing soil biological activities and crop growth. The well drained conditions of the soils of the study area enhanced abundant macro and micro pore, may fine to medium root development, high level of animal activities especially ants, termites, and earthworm within the root zone and increase redox actions due to the aerobic conditions of the soils” (Akamigbo and Asadu (1983)). This also agreed with Esu (2010) who reported that soils formed in well (oxidized)drained, iron- enriched latent materials are usually reddish or brightly coloured; adding that a bright colour indicates good drainage and a dull colour indicates poor drainage. The good drainage conditions sometimes promote the rate at which plant nutrients were leached beyond the reach of plant roots. The soil boundary in the three different profiles was very visible or one horizon in the first profile was said to be moderately visible. Root abundance ranged from present to absent in the different profile. The increase in the number of roots at the surface horizons was because of the availability of plant nutrients and high Belen of biological activities with the surface horizon.
[bookmark: _Toc211944700]Physical properties of soils of the study area
Soil physical properties as obtained are presented in Table 2 and it shows the distribution of particle size fractions and indicates that sand was the dominant soil separate across the three (3) pedons studied. Sand content was consistently higher than clay and silt in all horizons, reflecting the nature of the parent material from which these soils developed. This observation is in line with the findings of Akpan-Idiok (2012), who emphasized the influence of parent material and geomorphic position on soil texture.
In the three pedons, clay content increased with depth, especially in the subsurface horizons, due to pedogenic processes of eluviation from the surface layers and illuviation into the subsoil. In Pedon 1, sand content decreased from 82.8% at the surface horizon to 60.8% at 70 cm, while clay increased from 10.2 to 28.2%. A similar trend was observed in Pedon 2, where sand content reduced from 82.8 to 70.8%, while clay increased from 10.2 to 24.2%. In Pedon 3, the same pattern was even more pronounced, with sand decreasing from 81.8 to 64.8% and clay increasing sharply from 8.2% to 30.2% with depth. This progressive accumulation of clay in the B horizons of all pedons confirms the movement of fine materials through illuviation, thereby marking the beginning of argillic horizon development (Adeboye et al., 2013).
Silt content across the three pedons was very low (2–11%) and did not follow a uniform trend with depth. The low silt content may be attributed to the intense weathering and leaching processes in the humid tropics, which often leave behind coarser sand and finer clay fractions while depleting the intermediate silt fraction. The uneven distribution of silt may also reflect the flat topography of the study area, which enhances the formation and transformation of primary minerals into clays (Ayoalgha and Opene, 2012).
Textural classes varied slightly among the pedons: Pedon 1 ranged from sandy loam at the surface to sandy clay loam in the subsoil; Pedon 2 ranged from loamy sand at the surface to sandy clay loam at subsurface depth, while Pedon 3 ranged from sandy loam to clay loam with increasing depth. The stronger clay differentiation in Pedon 3 suggests greater soil profile development compared to Pedons 1 and 2 (Asadu and Ezike, 2017).
The soils of the study area have moderate bulk densities (1.28–1.85 g cm⁻³) and variable total porosity (31–52%), with the surface horizons generally more porous and less dense than the subsoils. Several AB/subsoil horizons (notably Pedon 1 AB and Pedon 3 AB) exhibit high bulk density (>1.8 g cm⁻³) and reduced porosity (~31–32%), which are potentially restrictive to root penetration and water movement.  Overall, the soil exhibited high sand content with progressive clay accumulation at depth, a characteristic of soils in humid tropical regions. While the sandy surface horizons promote drainage and ease of tillage, they also present challenges of low water-holding capacity and nutrient leaching. The clay-enriched subsoils, particularly in Pedon 3, may enhance water storage but could also pose restrictions to root penetration if not properly managed. These physical properties therefore have direct implications for land use, indicating that soil management practices such as organic matter incorporation, mulching, and cover cropping are necessary to improve moisture retention, fertility, and sustainable crop production in the area.
[bookmark: _Toc211944573][bookmark: _Toc211944701]Table 3. Physical Properties of Soils of the Study Area
	Pedon
Designation
	Horizon
Depth
	Sand


	Silt
%
	Clay


	B.D
g/cm3
	T.P
%

	
	
	   PEDON 1
	
	
	
	

	AP
	0-13
	82.8
	7
	10.2
	1.45
	45

	A
	13-32
	64.8
	6
	29.2
	1.45
	45

	AB
	32-81
	82.8
	7
	10.2
	1.85
	31

	B
	81-200
	60.8
	11
	28.2
	1.62
	39

	
	
	   PEDON 2
	
	
	
	

	Ah
	0-11
	82.8
	7
	10.2
	1.28
	52

	A
	11-28
	83.8
	5
	11.2
	1.74
	35

	AB
	28-73
	67.8
	2
	30.2
	1.58
	41

	B
	73-200
	70.8
	5
	24.2
	1.62
	39

	
	
	   PEDON 3
	
	
	
	

	Ah
	0-30
	81.8
	10
	8.2
	1.51
	44

	A
	30-46
	71.8
	7
	21.2
	1.63
	39

	AB
	46-74
	64.8
	5
	30.2
	1.82
	32

	B
	74-200
	64.8
	5
	30.2
	1.72
	36


[bookmark: _Toc211944702]Chemical Properties of Soils of the Study Area
The chemical characteristics of the soils of the study area are presented in Table 3 Soil pH (H₂O) ranged from strongly acidic to slightly acidic across the three pedons, with values between 4.03 and 6.55 in the surface horizons. The lower pH values recorded in Pedon 1 (4.03–4.43) reflect the influence of exchangeable acidity and continuous leaching of basic cations, while the relatively higher values in Pedon 2 sub-surface horizons (6.08–6.55) surface horizons suggest less intense leaching and a more favorable condition for nutrient availability. This observation agrees with Akpan-Idiok (2012), who reported that the acidity of soils in humid regions is closely related to the leaching of bases and the dominance of exchangeable acidity. Organic-C content was generally low, ranging from 0.239% in the subsurface horizon of Pedon 3 to 1.756% in the surface horizon of Pedon 2. The higher organic-C values in surface horizons can be attributed to the presence of organic residues and reduced decomposition at the soil surface, while the decline with depth follows the normal pattern in tropical soils and corroborates the findings of Adeoye et al. (2013). Total-N exhibited a similar distribution with higher concentrations in the upper horizons (up to 0.240%) and a marked decline with depth, reflecting the strong dependence of soil N on organic matter content (Nsor, 2014). Available phosphorus was low to moderate across the pedons, with surface horizons generally having higher values (e.g., 12.3 mg kg-1 in Pedon 3 Ap) compared with subsurface horizons. This may be attributed to the mineralization of organic matter on the surface and phosphorus fixation in the more acidic subsurface horizons. The relatively low available P values in horizons with higher acidity agree with the report of Akinrinde and Obigbesan (2000), who observed that P-availability decreases under conditions of high exchangeable acidity.
Exchangeable bases varied considerably among the pedons, with Ca and Mg being the dominant cations on the exchange complex. Ca ranged from 2.06 to 6.25 cmol kg⁻¹ and Mg from 0.99 to 3.06 cmol kg⁻¹, while Na and K were present in smaller amounts, generally below 1.0 cmol kg⁻¹ except in the A horizon of Pedon 3 where Na reached 1.283 cmol·kg⁻¹. The dominance of Ca and Mg was consistent with the findings of Esu (2010), who noted that divalent bases tend to dominate the exchange complex of many humid tropical soils. Exchangeable K was consistently low across all horizons, suggesting the likelihood of K deficiency under continuous cultivation unless external sources are supplied. The calculated effective CEC, obtained as the sum of Ca, Mg, Na, K and exchangeable acidity, ranged from 5.23 cmol(+) kg⁻¹ in the B horizon of Pedon 3 to 11.45 cmol(+) kg⁻¹ in the Ah horizon of Pedon 2. The relatively higher values in the surface horizons of Pedon 2 may be attributed to higher organic matter and base cation contents, which enhance the nutrient-holding capacity of the soils. 
Generally, base saturation was moderate to high in most horizons, particularly in Pedon 2, indicating that a reasonable proportion of the exchange sites were occupied by nutrient bases. However, horizons with higher exchangeable acidity recorded lower base saturation, reflecting the displacement of base cations by acidic cations. These results suggest that the soils are of low to moderate fertility status, with Pedon 2 surface horizons being comparatively more fertile than those of Pedons 1 and 3. To enhance crop productivity, management practices such as liming to correct soil acidity, judicious application of P fertilizers, and K supplementation are recommended. In addition, increasing organic matter input through residue retention and the use of organic amendments would improve nutrient availability, especially in the more leached horizons.
[bookmark: _Toc211944574][bookmark: _Toc211944703]Table 4. Chemical Characteristics of Soils in the Study Area
	Pedon Design
	Horizon
Depth(cm) 
	PH
(H20)
	   O.C

	O.M
 %
	T.N

	AV.P
 Mg/kg
	Ca
	   Mg


	Na
Cmol/kg

	K
	EA

	ECEC
	B.S
%

	
	
	
	
	
	
	Pedon 1
	
	
	
	
	
	
	

	AP
	0-13
	4.20
	1.416
	2.442
	0.198
	4.04
	4.00
	2.33
	0.730
	0.108
	0.52
	7.688
	93.23

	A
	13-32
	4.03
	0.539
	0.929
	0.113
	5.00
	3.40
	2.16
	0.765
	0.113
	2.38
	8.818
	73.00

	AB
	32-81
	4.14
	0.758
	1.306
	0.170
	12.3
	3.06
	1.80
	0.780
	0.135
	0.65
	6.425
	89.88

	B
	81-200
	4.43
	0.319
	0.550
	0.082
	8.8
	2.50
	1.07
	0.839
	0.167
	1.20
	5.776
	79.22

	
	
	
	

	
	
	Pedon 2
	
	
	
	
	
	
	

	Ah
	0-11
	6.55
	1.756
	3.027
	0.240
	3.51
	6.25
	3.06
	0.648
	1.220
	0.27
	11.450
	97.62

	A
	11-28
	6.55
	1.057
	1.823
	0.216
	22.8
	5.11
	2.79
	0.361
	0.493
	0.30
	9.054
	96.69

	AB
	28-73
	6.42
	0.279
	0.482
	0.127
	7.00
	2.83
	2.03
	0.344
	0.244
	0.32
	5.768
	94.45

	B
	73-200
	6.08
	0.399
	0.688
	0.162
	8.8
	3.62
	2.55
	1.013
	0.570
	0.34
	8.093
	95.80

	
	
	
	
	
	
	Pedon 3
	
	
	
	
	
	
	

	Ah
	0-30
	4.69
	1.576
	2.717
	0.220
	1.23
	4.19
	1.95
	0.543
	0.385
	1.12
	8.188
	86.32

	A
	20-46
	4.71
	1.975
	2.405
	0.216
	5.3
	2.06
	1.82
	1.283
	0.210
	0.92
	7.293
	87.38

	AB
	46-74
	4.66
	0.399
	0.688
	0.182
	5.3
	2.76
	1.07
	0.757
	0.023
	0.96
	5.578
	82.76

	B
	74-200
	4.67
	0.239
	0.413
	0.167
	5.3
	2.58
	0.99
	0.791
	0.144
	0.72
	5.225
	86.22



[bookmark: _Toc211944704]Land Suitability Evaluation of the soils of the study area
The results of the land suitability evaluation as seen in Table 4 were obtained in line with the law of minimum revealed that the soils of the study area are moderately suitable for cocoa production. The three pedons were marginally suitable for cocoa production due to limitations in climate because of high relative humidity (high amount of moisture which encourage fungal growth in cocoa plants pod at early stage.  
[bookmark: _Toc211944575][bookmark: _Toc211944706]Table 5. Summary of Land Suitability Evaluation for cocoa production in the 3 Pedons in the study Area
	Land characteristics
	P1
	P2
	P3

	Climatic (c)
	
	
	

	Annual rainfall (mm)
	2000_3000 (S1)
	2000-3000 (S2)
	2000-3000 (S3)

	Length of dry season (month)
	<3 (S2)
	<3 (S2)
	<3 (S3)

	Mean annual temperature (°C)
	25-26 (S1)
	25-26 (S1)
	25-26 (S1)

	Relative humidity (%)
	70-85 (S3)
	70-85 (S3)
	70-85 (S3)

	Dryest month (%)
	40-60 (S1)
	40-60 (S1)
	40-60 (S1)

	Topography (t)
	_
	_
	_

	Slope (%)
	3 (S1)
	3 (S1)
	3 (S1)

	Wetness (w)
	_
	_
	_

	Flooding
	No (S1)
	No (S1)
	No (S1)

	Drainage 
	WD (S1)
	WD (S1)
	WD (S1)

	Soil physical characteristics (s)
	SCL (S2)
	SCL (S2)
	SCL (S2)

	Texture/structure 
	_
	_
	_

	Coarse fragments (vol.%)
	<15 (S1)
	<15 (S1)
	<15 (S1)

	Soil depth(cm)
	200 (S1)
	200 (S1)
	200 (S1)

	Fertility characteristics (f)
	7.688 (S2)
	11.450 (S2)
	8.188 (S2)

	Apparent CEC (meq 100 g-1 soil)
	_
	_
	_

	Base saturation (%)
	93.23 (S1)
	97.62 (S1)
	86.32
(S1)

	Organic matter (% C, 0-15cm)
	2.442 (S1)
	3.027 (S1)
	2.717(S1)

	Aggregate suitability class
	S3 (c)
	S3 (c)
	S3 (c)


[bookmark: _Toc211944709]    Sources: Fasina et al. (2007)
 Conclusion
The soils of the study area present physical and chemical properties that influence their suitability for cocoa cultivation. Physically, the soils are dominated by sandy fractions (60–83%), with textures ranging from sandy loam to sandy clay loam. The relatively high sand content promotes good drainage, which is favorable for cocoa, but may also reduce water and nutrient retention. The low bulk density values (0.40–0.49 g cm-3) indicate good soil structure and porosity, providing an enabling environment for cocoa root development. Chemically, the soils are slightly to moderately acidic (pH 4.0–6.5), which falls within the acceptable range for cocoa growth, though the strongly acidic horizons may restrict P availability and root activity. Organic-C and total-N levels were generally low to moderate, reflecting limited organic matter status and pointing to the need for organic amendments to support long-term cocoa productivity. Available phosphorus is also low in some horizons, which may hinder early cocoa establishment if not corrected. Exchangeable bases (Ca, Mg, K, Na) are generally low, with Ca and Mg being the most dominant cations. The soils exhibit low effective CEC and moderate base saturation, indicating limited nutrient reserves and a relatively low inherent fertility status. This condition is typical of highly weathered tropical soils and suggests that cocoa cultivation on these soils would require proper fertility management.
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Table 1: Climatic, soil and land requirements for cocoa production [7]

Land, soil and climatic characteristics s1 52 s3 N1 N2
Climatic

Annual rainfall (mm) 1.600-2.500 1.400-1,600 1.200-1.400 2 <1.200

2.500-3.500 3.500-4.500

Length of dry season (months) <2 <3 <4 = <4,400

Mean annual temperature (°C) 2332 2235 2238 - <1

Relative humidity (%) 40-63 35.75 30-85 any -

Dryest month (%) 40-60 35-65 30-75 any -
Topography (1)

Slope (%) <8 <16 <30 - any
Wetness (w)

Flooding No No Fl Fl any

Drainage Well Moderate/better _Imperfect or better Poor or better Very poor/better
Physical soil characteristics(s)

Texture/structure C-60s to SC C+60s to SCL C+60s to LFS C+60s to LES CmtoCs

Coarse fragments (Vol.%) <15 <35 <% <ss any

Soil depth (cm) >150 >100 >50 >50 any
Fertility characteristic (f)

Apparent CEC (Meg/ 100 g soil) 16 <16 any : =

Base saturation (%) 35 20 any : =

Organic matter (% C. 0-15 cm) >15 0.8 any = 5

F1 = Slight, C+60s to SCL = Very fine clay blocky structure to sandy clay loam, C-60V to L = Clay vertisol structure to loam, C+60s to fs
blocky structure to fine sand. C+60v to fs = Very fine clay vertisol to fine sand, C+60s to s = Very fine clay, vertisol structure to sandy soil, CM to SC =
Massive clay to sandy clay
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