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Abstract: Sustainable crop production necessitates that potential and the nutrients level of the soils to be used
should be evaluated. 20 acres of land was evaluated for cocoa production in Yewa North local government,
Ogun state and the soils were classified according to the criteria of USDA Soil Taxonomy system and correlated
with FAO World Reference Base for Soil Resources. Four soil mapping unit identified were classified as Alfisols
and correlate as Lixisols. The surface horizons were slightly acidic in reaction while the sub soils were strongly
acidic. The soils are deficient in macro and micro elements, their values were below the critical level required
for optimum cocoa production. Suitability evaluation of the soils was carried out using parametric approach
and the result showed that presently, the soils of mapping units A, B and C are marginally suitable (S3) while
mapping unit D is presently not suitable for cocoa production. With the appropriate fertility management, the
soils would be classified as moderately suitable (S2) for cocoa production.

Keywords: Cocoa production, land evaluation, soil classification

Received 24 Nov., 2022; Revised 05 Dec., 2022; Accepted 07 Dec., 2022 © The author(s) 2022.
Published with open access at www.questjournals.org

I. INTRODUCTION

Soil is one of the world’s greatest valuable assets. It is an essential natural resource that sustains most
of the planet's life, directly or indirectly and it is a fundamental need for civilizations to thrive, therefore needs
to be treasured. Healthy soil is vital to blossoming agriculture. Hence, one of the tactics to accomplish
sustainable agriculture in a sustainable environment is to examine soil properties and in particular through soil
characterization and land evaluation for several land utilization types [1]. Pedological characterization provides
valuable information and knowledge on soil characteristics and gives clear understanding of soil genesis,
morphology, classification and spatial distribution of soils in an area [2]. The information gathered through
pedological characterization is needed by soil fertility specialists to carry out fertilizer trials and establish
meaningful fertilizer recommendations [3].

To solve the problem of food insecurity, modern agriculture demands that farmers have direct or
indirect information on the potential and nutrients level of the soils to be used. Such knowledge assists the
farmer to make informed selections of crops and/ or livestock to be reared that are precisely reasonable. This has
given rise to the need for land suitability assessment before cultivation and other agricultural practices [4]. [5]
stated that land suitability assessment (LSA) is the examination of a piece of land for its capability to sustain a
specific agricultural use. Generally, LSA for agricultural purposes includes characterization of the biophysical
and ecological characteristics of a location according to the agricultural potentials of the land. Basically, it
encompasses accounting for the features of the land and matching them with the crop requirements in order to
develop land - crop production suitability index in a spatially explicit manner. LSA encompasses evaluating the
relative edaphic-ecological requirements of the crops with the spatial edaphic-ecological conditions of a
particular location. The locations where the edaphic-ecological conditions amalgamate with the crop
requirements will be acknowledged as suitable [6]. In order to have useful soil database allowing proper
decisions for assessing the potentials and constraints of the soils for different uses and land management options
such as fertilizer application, improved tillage methods as well as crops management systems, pedological
characterization of the study area was carried out. The objectives of this study were to characterize, classify the
soils of the study area and assess their suitability for cocoa production.
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1. MATERIALS AND METHODS

2.1. Description of the study area

The study area is located in Fayena village, via Owode Ketu, ljaka Isale, Yewa North Local
Government, about 29 km from Igbogila town; within the tropical rainforest region of southwestern Ogun state,
Nigeria. The mean annual rainfall recorded in the study area in the last 11 years is about 1636 mm, the mean
minimum and maximum temperature is 15 and 33'C respectively. Relative humidity, wind speed and wind
dj)rection are 86 %, 1.34 m{s and 214 respectively [7]. Geographically, it lies approximately between latitude
7 857.8'N and longitude 2 5558.5'E, on an altitude of 87.20 meters above sea level. The soil moisture regime
is ustic while soil temperature regime of southwesthern Nigeria is iso-hyperthermic [8]. Figure 1 shows the
location map of the study area.

2.2. Vegetation and Land use

The vegetation is presently mosaic of farmland and secondary forest regrowth. Generally, the study
area was divided into four mapping unit based on the vegetation. Mapping unit A is presently being used for
arable crop cultivation cassava (Manihot spp), Mapping unit B was characterized by scattered cocoa
(Theobroma cocoa) and cashew (Anarcadium occidentale), Mapping unit C was uncultivated, part of it was
gradually transforming to secondary forest, the rest was characterized with bush regrowth while Mapping unit D
supported scattered mango, grapes and cassava.

2.3. Field study

Four profile pits were established on 20 acres of land assessed for cocoa production. The study area
was divided into four mapping units (A, B, C, and D) based on the vegetation of the land and one profile pit was
established on each mapping unit. The topography of the land is slightly undulating. The profile pits established
were characterized according to the [9] procedures for soil profile description. The profile pits were described
and documented on the field (Table 2). Soil samples were collected from the 15 identified genetic horizons.
Multiple sub-sampling method was employed to guarantee representative of the samples. Soil samples collected
were bagged, labeled and taken to the laboratory for physical and chemical analyses. The location of individual
soil profile pit was recorded using geographical positioning system (GPS) device as in Table 1.
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Map of Nigeria showing Ogun state Map of Ogun State showing Yewa North Local government
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Figure 1: Location Map of the study area.
Table 1: Profile pit points and coordinates
Profile pit Latitude Loonqitude” Elevation
A 7 856.3N 2 55'582E 94.86 m
B 7 857.7'N 2 561.7E 85.86 m
C 7 90.9'N 2 5618'E 60.80 m
D 7 81.3'N 2 5557.5'E 93.02m

2.4. Laboratory analysis and soil classification

Soil samples collected were analyzed following the standard method. Soil texture was determined using
the Bouyoucos hydrometer method [10]. Soil pH was determined in distilled water and 1.0 M KCI [11]. The
cations (Ca, Mg, K, Na, Cu, Zn, Fe and Mn) were extracted with 1.0 M ammonium acetate (NH,OAc) solution
at pH 7.0. Exchangeable Ca and Mg Cu, Zn, Fe and Mn in the leachate were determined by atomic absorption
spectrophotometer while exchangeable K* and Na* were determined by flame photometer. The organic carbon
was determined by [12] method. The exchangeable acidity was determined by extraction with 1.0 M KCI
solution and titrated with NaoH and HCI solutions to measure total acidity [13]. Available phosphorus was
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determined by Bray-1 method [14]. Total nitrogen by Kjeldahl method [15]. Soil classification was carried out
according to the procedure of soil taxonomy [16] and correlates with World Reference Base for soil resources.

2.5. Suitability evaluation

The FAO framework for soil suitability evaluation was used for the study [17]. Land characteristics
recognized on the field were combined with those determined in the laboratory to make the preferred land
qualities which were used as basis for the land assessment. A numerical rating of the land characteristics in a
normal scale from a maximum (normally 100) to a minimum value (20) was employed. If a land characteristic
was optimal for the considered land utilization type, the maximal rating of 100 was attributed; if the land
characteristic was unfavorable, a minimal rating of 20 was applied. The index of suitability (actual and
potential) was calculated using the square root method:
IP = A x V ((B/100) x (C/100) x ... x (F/100)).

Where:
IP = land index
A =overall lowest characteristic rating

B, C...F = lowest characteristics ratings for each land quality group [18].

1. RESULTS AND DISCUSSIONS
3.1. Morphological characteristics of the soil

The morphological characteristics of the soils of the study area is summarized and presented in the
Table 2. The topography is gently sloping on 2-4 % slope gradient. Depth to water table were not encountered at
any profile depth. Likewise, soil erosion hazard was not encountered at any part of the study area.

The soils of mapping unit A are very deep and well drained, depth to impenetrable layer and

groundwater was not encountered at 160 cm. The colour of the soils ranges between brown (7.5YR 4/2) at the
surface to reddish gray (5YR 5/6) at subsoil. The texture of the surface soils was silty loam and silty clay at sub
soil. The soil structure included moderate to weak angular blocky. The soils are very friable when moist, slightly
sticky and non-plastic when wet. The outline of the profile ranges from clear wavy to clear smooth boundary.
Very few coarse roots are common at the surface soil and very fine common, very few, very fine roots at
subsoil.
The colour of the soils of mapping unit B were dark reddish gray (5YR 4/2) at the surface and pinkish gray
(7.5YR 7/2) to pink (7.5YR 8/4) at the subsurface layers. The texture of the surface soil was loam silty and silty
clay at the subsoil while the soil structure is moderate to weak fine angular blocky. The soils are well drained
and deep (128 cm).

Table 2: Soils morphological description

Horizon Depth Colour Texture? Structure® Consistence® Boundary*
Root distribution
(cm) (moist) (moist/wet)
Profile pit A
Ap 0-30 7.5YR 4/2 Sil 1fgr mvfr wsstnpl  cw
coarse, very fine very common roots
AB 30-50 7.5YR 6/2 Sil 1fabk m fr w sst npl dw
few coarse, very fine common roots
B2 50-76 5YR 5/4 Sicl 2msbk m vfr w st npl cd
very few, very coarse, very fine roots
Btl 76-117 5YR 5/8 Sicl 1fabk m vfr w st spl cs
very few very fine roots
Bt2 117-160 5YR 5/6 Sicl 1fabk mvfr wsstnpl  ND
very few, very fine roots
Profile pit B
Ap 0-14 5YR 4/2 ISi 1fcr m fm w st pl cs
very common, very coarse, very fine roots
AB 14-48 75YR7/2 ISi 2mabk m vfr w sst spl wd
very few, few coarse, fine roots
Btl 48-95 75YR7/4 Sicl 2fabk m vfr w sst npl cs
very few very fine roots
Bt2 95-128 7.5YR 8/4 Sicl 1fsbk m vfr w nst npl ND

very few fine roots and few mottles
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Profile pit C
Ap 0-21 75YR 4/2 ISi 2mgr m fm w sst spl wd
common very fine, fine, very coarse roots
AB 21-69 5YR 6/2 ISi 2msbk m fm w sst spl cwW
very few very fine and coarse roots
Bt 69-126 75YR7/2 Sicl 1fcr m fm w nst npl ND
none

Profile pit D
Ap 0-32 5YR 4/4 scl 2msbk m fm w sst npl aw
common very fine, medium and coarse roots
Btvl 32-62 2.5YR 3/6 grsc 3cssl m vfr w vst pl gi
very few fine roots,
Btv2 62-86 2.5YR 4/8 grsc 3cssl m vfm w st npl ND
None
%Texture: sc = sandy clay, gr = gravelly, ¢ = clay, Sicl = silty clay, Sil = silty loam, ISi= loam silty; scl= sandy
clay loam

bStructure: 1 = weak, 2 = moderate, 3 = strong, cr = crumb, sbk = subangular blocky, abk = angular blocky, vf =
very fine, f = fine, m = medium; gr = granular, ssl = structureless;

“Consistence: m = moist, w = wet, vfr = very friable, fr = friable, fm = firm, vfm = very firm, nst = non sticky,
sst = slightly sticky, vst = very sticky, st = sticky, npl = non plastic, spl = slightly plastic, pl = plastic;
Boundary: a = abrupt, ¢ = clear, g = gradual, d = diffuse, s = smooth, w = wavy, i = irregular, ND = not
determined

The soils of mapping unit C were characterized by brown (7.5YR 4/2), loam silt on soil surface, down
to (5YR 6/2) and finally to pinkish gray (7.5 YR 7/2) at the deeper subsurface. Water table not encountered at
126 cm. The structural type of the profile pit is moderate to weak, medium crumb and sub-angular blocky. Very
few coarse roots and few mottles were present in the profile pit.

The soils of mapping unit D are moderate to well drained, characterized by reddish brown 5YR (4/4),
clay loam at the surface horizon and dark red (2.5YR 4/8) gravelly sandy clay in the subsoil. The soil is shallow
(86 cm) and characterized with gravel. The soil structure is moderate at the surface and strong at subsurface.
Common very fine, medium and coarse roots were present.

Generally, the soils are very fine and very friable devoid of quartz and stones (except profile pit D),
display little change in horizons. The brown colour of the surface soils indicates the presence of organic matter.
The dark colour impacted on the surface horizons by the soil organic matter makes the boundaries between
horizon A and B to be clear [19]. The brighter colour of subsurface soils is an indicative of well-drainage [20].
Roots concentration was common in the surface horizons of all the profile pits examined and decreased with soil
profile depth.

3.2. Soils physical properties

Physical properties of the soils are presented in Table 3. The texture of the surface soils ranged from
sand to loamy sand. The sand particles seemed to be the most dominant size fraction with a range of 70.4 to
93.2%. The silt particles ranged from 2 to 20 % while clay was the least with a range of 4.8 to 13.4% in the
soils. The predominance of sand in the surface horizon could be attributed to the removal of clay and silt by
water erosion. Silt/clay ratio shows the degree of pedogenic weathering in soil, also reflects the weathering stage
of soil parent materials and shows the erodibility potential of the soils [21] and [22]. The silt/clay ratios of 0.40
to 3.30, 0.30 to 1.30, 1.0 to 2.70 and 1.20 to 1.30 were observed in mapping unit A, B, C and D respectively.
Mapping unit B was more weathered than others because of the lower silt/clay ratios of subsoil.

3.3. Soils chemical properties
3.3.1. Soil pH

The chemical properties of the soils studied are presented in Table 4. The pH of the soils was slightly
acidic to neutral and it varied from 5.37 to 6.92 and 4.86 to 6.59 in water and 1N KCI solution, respectively. The
surface horizons were slightly acidic in reaction while the sub soils were strongly acidic. In the surface horizons,
the pH ranged from 6.27 to 6.92 and 5.69 to 6.59 in distilled water and 1 M KCI solution, respectively. The pH
values were above 6.00 recommended as good for cocoa soil [23]. The low pH of the soils could be as a result
of high rainfall in the area which made the soils to be fragile and susceptible to leaching. Generally, the soil pH
decreased with the soil depth.

3.3.2. Soil Organic carbon, Total Nitrogen and Available Phosphorus
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The soil organic carbon (SOC) contents ranged from 0.01 to 1.02% corresponding to 0.02 to 1.75% soil organic
matter (SOM) which was rated low. The values decreased with profile depth. The values were below the critical
value of 3 % stated to be the best for cocoa production in Nigeria [23]. The low SOC might have ensued from
the high mineralization rate and cropping history of the area. The organic matter of these soils need to be greatly
increased through the use of leguminous plants and better plant residue management. Total nitrogen (TN)
content varied from 0.01 to 0.09%. The values were within low soil nitrogen fertility class range. The soil N
content was generally below critical level of 0.09%. The lower content of nitrogen observed may be attributed to
continue nutrient mining by plants. Thus, addition of N based fertilizer would be required in the study area for
optimal production of cocoa. The soil available phosphorus (P) content were low. Generally, the values were not
adequate for cocoa production since the values obtained were below the critical value of 10 mg/kg [23]. This
implies that application of P supplying fertilizers is needed.

3.3.3. The exchangeable cations

Relatively low amounts of exchangeable bases were present in all the profile pits examined. The
exchangeable calcium for the soil varied from 0.59 to 2.12 cmol/kg. The soil Ca®* values for each profile pit
were less than the critical value of 5.0 cmol/kg for ideal cocoa production [23]. Application of Ca®* containing
fertilizer is required to achieve ideal cocoa yields. The exchangeable magnesium (Mg?") content varied from
0.17 to 0.72 cmol/kg soil. The soils examined had their exchangeable Mg content lower than 0.9 cmol/kg which
is the critical value for Mg in cocoa production [23]. Exchangeable potassium (K) contents ranged between 0.04
and 0.92 cmol/kg. The soil K levels were lower than the critical level of 0.3 cmol/kg soil. This indicates that the
soils were very low in K content and would therefore need the use of K supplying fertilizer to meet the need.
The sodium content ranged from 0.20 — 0.42 cmol/kg. [24] reported that when the value of Na content is <1
cmol/kg, it cannot be detrimental to the roots of the plants.

Table 3: Soils physical properties

Horizon Depth(cm) Sand Siit Clay Siit/Clay Textural Ciass
— (%) —
Profile pit A
Ap 0-30 93.2 2 48 0.4 Sand
AB 30-50 79.2 16 48 33 loamy sand
B 50-76 83.2 10 6.8 15 loamy sand
Btl 76-117 75.2 16 8.8 1.8 sandy loam
Bt2 117-160 70.4 20 9.6 21 sandy clay loam
Profile pit B
Ap 0-14 83.2 9.4 74 1.3 loamy sand
AB 14-48 81.2 54 134 04 sandy loam
B1 48-95 85.2 7.4 7.4 1.0 loamy sand
B2 95-125 86.4 2.8 10.8 0.3 loamy sand
Profile pit C
Ap 0-21 89.2 5.4 5.4 1.0 sand
AB 21-69 79.8 14.8 5.4 2.7 loamy sand
B 69-126 87.8 6.8 5.4 1.3 sand
Profile pit D
Ap 0-32 87.8 6.8 54 13 Sand
Btvl 32-62 84.8 8.4 6.8 1.2 loamy sand
Btv2 62-86 78.6 11.8 9.6 1.2 sandy loam

3.3.4. Exchangeable acidity and effective cation exchange capacity

The soil exchangeable acidity (AI**+H") ranged from 0.06 - 0.13 cmol/kg. The effective cation
exchange capacity (ECEC) of the soils ranged from 1.30 -3.75 cmol/kg. The values were below the minimum
standard of 4.0cmol/kg recommended for ideal production of tree crops [25]. Therefore, the study area needs to
be properly managed by applying appropriate fertilizer for optimum cocoa yield.

3.3.5. Soil micronutrients

Availability of most of the micronutrients in soils depend on soil pH and OC [26]. [27] also stated that
clay fraction and OC of the soils are the mainstay of micronutrients in the soils. The soil micronutrient contents
of the studied soils, Mn ranged from 1.85 — 45.4 mg/kg. The values are at sufficiency level only at the surface
horizons. Fe content ranged from 2.30 to 50.85 mg/kg, the values are below the critical value of 161 mg/kg
reported by [28] and [29] as ideal for tree crops. Copper content ranged from 0.44 — 0.98 mg/kg soil, the values
are also below the critical level of 1.2 — 2.0 mg/kg soil. The Zn ranged from 0.07— 1.06 mg/kg soil, the values
are also below the critical value of 3.0 to 3.45 mg/kg. Those nutrients elements that are below the critical levels
need to be supplied through proper fertilizer application to build their level up in the soil.
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Table 4: Soils chemical properties

Horizon—Depth pH Exchangeabte bases Al+H—ECEC—BS TN oc Avail—Mn Fe Cu Zn
P
H0 KCI Ca Mg K Na
(cm) —  (cmol/kg) — - @ - —  (mghkg) —
Profile-PitA
Ap 0-30 6.92 659 164 072 091 042 0.06 3.75 9840 0.06 070 1022 454 29.8 0.72 1.06
AB 30-50 576 509 059 028 007 024 012 1.30 90.76  0.03 010 823 13.9 7.20 0.61 0.23
B2 50-76 543 486 076 043 008 028 0.11 1.66 9338 0.02 0.01 527 11.4 1260 072 0.22
Btl 76- 537 476 062 029 006 032 013 1.42 90.83 0.03 0.07 370 9.25 1695 0.56 0.09
117
Bt2 117- 587 479 070 026 007 020 011 1.34 91.78 0.03 0.02 254 4.10 2005 0.68 0.07
160
Profile pit B
Ap 0-14 630 589 190 066 031 042 0.08 3.37 97.63 0.08 092 518 2205 50.85 0.78 0.85
AB 14-48 593 534 099 028 014 027 0.10 1.65 9395 0.01 0.09 204 12.15 1865 0.53 0.20
Bl 48-95 6.20 543 061 017 092 035 0.07 1.29 9458 0.01 0.03 153 4.65 18.8 059 0.29
B2 95- 6.25 584 095 031 004 025 0.07 1.62 95.67 0.02 0.04 333 3.15 15.9 091 0.36
125
Profile pit C
Ap 0-21 6.28 577 172 054 015 0.28 0.09 2.78 96.76  0.07 098 574 8.25 36.15 098 0.78
AB 21-69 559 488 141 028 012 035 0.12 2.28 9474  0.04 024 4.02 3.50 14.9 0.44 0.33
B1 69- 619 597 120 033 004 024 0.08 1.89 95.76  0.03 0.03 3.89 1.85 2.30 048 0.28
126
Profile pit D
Ap 0-32 6.27 569 18 070 0.14 036 0.06 3.14 98.09 0.04 054 888 3205 3675 056 0.89
Btvl 32-62 570 486 212 066 009 029 0.13 3.29 96.05 0.02 034 1258 1625 365 0.53 0.48
Btv2 62-86 569 479 175 064 008 032 012 291 9588 0.09 1.02 1813 1025 187 0.79 0.53

OC = organic carbon, TN = Total nitrogen, Avail. P = available phosphorus, ECEC = effective cation exchange
capacity, BS = base saturation

3.4. Soil Classification

All the profile pits were mainly of kandic horizon judging from their textural class (fine-earth fraction)
of sand, loamy sand or loamy coarse sand established by the particle size data ((Table 2) and decrease in organic
carbon content with increasing depth. There was no consistent increase in clay content with soil depth. They are
characterized by high base saturation of >50% by NH,OAc — pH 7 which is part of the basis for classifying
them as Alfisols [16]. This result is similar to the work of [25] who worked in similar environment, in Ogun
State, Nigeria. The soils belong to suborder Ustalfs due to its ustic moisture regime. Profile pits 1, 2 and 3
belong to great group Kandiustalfs and consequently classified at subgroup level as Typic isohyperthermic
kandiustalf because of its temperature regime [8].

In the FAO World Reference Base for soil Resources (2006) system of soil classification, they were
correlated as orthoeutric Lixisols because of an effective base saturation that is > 50% throughout the mineral
soil surfaces. Profile pit 4 belong to great group Plinthustalfs due to the presence of concretions and gravels and
then classified at subgroup level as Typic Plinthustalfs. In the FAO/UNESCO system, it correlates as Plinthosol.
The summary of the soil classification is presented in Table 5.

Table 5: Summary of the soils classification

Profile pits Order Suborder Great group Subgroup FAO/UNESCO
A Alfisol Ustalfs Kandiustalfs Typic kandiustalf orthoeutric
Lixisol

B Alfisol Ustalfs Kandiustalfs Typic kandiustalf orthoeutric
Lixisol

C Alfisol Ustalfs Kandiustalfs Typic kandiustalf orthoeutric
Lixisol

D Alfisol Ustalfs Plinthustalfs Typic Plinthustalfs

Plinthosol

3.5. Suitability evaluation of the soils

The factor rating of land use requirements for cocoa (Table 6) were matched with the soil properties
(Table 7). The actual or current suitability of the soils under parametric approach as calculated with the index of
productivity for each profile pit [18] showed that profile pit A, B and C are marginally suitable (S3) for cocoa
production while profile pit D is presently not suitable (N1) (Table 8). However, in the potential suitability, all
the profile pits would be moderately suitable for cocoa production with proper fertility management. The major
limitation is fertility status for mapping unit A, B and C while soil depth, coarse fragment and fertility status
placed mapping unit D in N1 class (presently not suitable) for cocoa production. [30] in his evaluation of soils
of Idoffa within Yewa North Local Government area in Ogun State also reported that soil fertility is the major
limitation to the suitability of Nigeria soils.
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V. CONCLUSION

Soils of the studied area were characterized, classified and evaluated for cocoa production. The soils
were moderately acidic to neutral. The soils are deficient in macro and micro elements, their values were below
the critical level required for optimum cocoa production. Land suitability evaluation result revealed that
currently, the soils are marginally suitable for cocoa production. Potentially, that is, with good management
practices, the soils would be moderately suitable. Therefore, management practices such as application of
appropriate fertilizers, incorporation of crop residues and organic manure should be adopted to correct the major
limitations on the studied soils for optimum cocoa production.
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Table 6: Factor Ratings of land use requirements for cocoa

Land, soil and climatic S1 (100%) S2 (85%) S3 (60%) N1 (40%) N2 (20%)
characteristics

Climate (c) 1,600-2,500 1,400-1,600 1,200-1,400 - <1,200
Annual rainfall (mm)

Mean annual temperature 23-28 28-35 20-25 35-38 >38

(°C)

Length of dry season 1-2 2-3 3-4 >4 any
(months)

Dryest month (%) 40-60 35-65 30-75 Any -
Relative humidity (%) 40-65 35-75 30-85 Any -
Topography (t)

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

Drainage Well Moderate/better Imperfect/better Poor/better Very poor/better
Flooding No No F1 F1 Any
Physical soil condition(s)

Soil depth (cm) >150 >100 >50 >50 Any
Coarse fragments (\Vol.%) <15 15-35 35-55 >55 Any
Texture/structure C-60s to SC C+60s to SCL C+60s to LFS C+60sto LFS CmtoCs
Fertility status (f)

Soil pH (in water) 6.0-7.0 70-76 55-6.0 55-4.0 >7.6
Base saturation (%) >60 50-35 <20 - -
Apparent CEC (Meg/ 100 g >16 12-16 8-12 <8 -

soil)

Organic matter (% C, 0- >3 25-15 1.5-0.8 0.6-0.8 <0.6

15cm)

F1 = Slight, C-60V to L = Clay vertisol structure to loam, C+60s to s = Very fine clay, C+60s to fs = Very fine

clay blocky structure to fine sand, C+60s to SCL = Very fine clay blocky structure to sandy clay loam, C+60v to
fs = Very fine clay vertisol to fine sand, vertisol structure to sandy soil, CM to SC = Massive clay to sandy clay.
S1 = highly suitable, S2 = moderately suitable, S3 = marginally suitable, N1 = presently not suitable, N2 =
permanently not suitable.

Source: Modified from Sys et al., (1993).

Table 7: Summary of land characteristics of the land units

Land characteristics Profile pit A Profile pit B Profile pit C Profile pit D
Annual rainfall (mm) 1636 1636 1636 1636

Mean annual temperature 33 33 33 33

(°C)

Length of dry season 4 4 4 4

(months)

Relative humidity (%) 86 86 86 86

Slope <8 <8 <8 <8

Flooding No No No No

Drainage well drained well drained well drained well drained
Texture Sand loamy sand Sand Sand

Coarse fragments <15 <15 <15 <15

Soil depth (cm) 160 125 124 86

Base saturation (%) 98.40 97.63 96.76 98.09

Soil pH (H,0) 6.92 6.30 6.28 6.27
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Organic matter (% C, 0-15 0.72 0.92 0.98 0.54
cm)

Table 8: Parametric suitability class scores of the study area

Land qualities Profile pit A Profile pit B Profile pit C Profile pit D
Climate (C)

Annual rainfall (mm) 100 (S1) 100 (S1) 100 (S1) 100 (S1)
Topography (T)

Slope (%) 100 (S1) 100 (S1) 100 (S1) 100 (S1)
Wetness (W)

Soil drainage 100 (S1 100 (S1 100 (S1 100 (S1
Flooding 100 (S1 100 (S1 100 (S1 100 (S1
Soil Physical condition (S)

Texture 60 (S3) 60 (S3) 60 (S3) 60 (S3)
Soil depth (cm) 100 (S1) 85 (S2) 85 (S2) 40 (N1)
Coarse fragment (%) 100 (S1) 100 (S1) 100 (S1) 40 (N1)
Fertility status (F)

Soil pH 100 (S1) 100 (S1) 100 (S1) 100 (S1)
Soil organic carbon 40 (N1) 40 (N1) 40 (N1) 40 (N1)
Base saturation 100 (S1) 100 (S1) 100 (S1) 100 (S1)
Actual suitability 29 (S3) 29 (S3) 29 (S3) 23 (N1)
Potential suitability 71(S2) 71(S2) 71(S2) 58 (S2)

A = actual/current suitability class, B = potential suitability class (after soil fertility improvement)
Aggregate suitability scores: S1 (75-100); S2 (50-74); S3 (25-49); N1 (12-24); N2 (0-12).

REFERENCES

[1]. Esu, I. E. (2004). Soil characterization and mapping for food security and sustainable environment in Nigeria. In: Salako, F.K., et al.
(eds.). Managing soil resources for food security and sustainable environment. Proceeding of 29th Annual Conference of the Soil
Science Society of Nigeria, University of Agriculture, Abeokuta, Nigeria. 6-10. December 2004. pp 9-17.

[2]. Karuma, A. N., Gachene, C.K.K., Msanya, B. M., Mtakwa, P. W., Amuri, N. and Gicheru, P. T. (2015). “Soil Morphology,
Physico - Chemical Properties and Classification of Typical Soils of Mwala District, Kenya,” International Journal of
Plant & Soil Science, 4 (2): 156-170.

[3]. Msanya, B.M., Kaaya, A.K., Araki, S., Otsuka, H. and Nyadzi, G.l. (2003). Pedological characteristics, general fertility and
classification of some benchmark soils of morogoro district, Tanzania, African Journal of Science and Technology (AJST) Science
and Engineering Series 4(2): 101-112.

[4]. Beets W. C. (1992). Multiple —Cropping and tropical Farming Systems Growers. West Africa Press.

[5]. Littleboy, M., Smith D. M. and Bryant, M. J. (1996). Simulation modeling to determine suitability of agricultural land. Ecological
Modeling. 86: 219-225.

[6]. Wang, H., Wang X. and Li, H. (2006). Land utilization situation in heilonjiang province based on quantitative geography model.
Transactions of the Chinese Society of Agricultural Engineering, 7: 70-74.

[7]. NASA (2020), (Langley Research Centre LaRC). https://power.larc.nasa.gov/data-access-viewer/ Accessed 8th Feb. 2022.

[8]. Amusan, A.A., and T.I. Ashaye. 1991. “Granitic-Gneiss Derived Soils in Humid Forest Tropical South Western Nigeria I: Genesis
and Classification.” Ife Journal of Agriculture 13: 1-10.

[9]. FAO/UNESCO (2006). A Framework for International Classification, Correlation and Communication. World Soil Resources
Reports. No. 103, FAO, Rome.

[10]. Gee, G. W. and Or, D. (2002). Particle size analysis. In: Dane J.H. and Topp G.C. (Eds.). Methods of soil analysis, Part 4, Physical
methods. Soil Science Society America Book series No. 5 ASA and SSSA, Madison, WI. p 255-293.

[11]. Thomas, G. W. (1996). Soil pH and Soil Acidity, In: Spark D.L (ed,) Methods of Soil Anaysis, Part 3 Chemical Methods, Soil
Science Society of America. Madison, Wisconsin. pp 475-490.

[12].  Walkey, A. and Black, I. A. (1934). An examination of Detjareff method for determining soil organic matter and proposed
modification of chromic acid titration method. Soil Science 37:29- 38.

[13]. Mclean, E. O. (1965). Aluminum. In: Methods of soil analysis. C. A. Black (ed). Agronomy No 9.
American Society of Agronomy. Pp 978- 998.

[14].  Kuo, S. 1996. “Phosphorus.” In Methods of Soil Analysis Part 3: Chemical Methods, edited by D.L. Sparks, 869-920. Wisconsin:
Soil Science Society of America, Madison.

[15].  Bremner, J. M. (1996). “Total Nitrogen.” In Methods of Soil Analysis. Part 3: Chemical Methods. No.5, edited by D.L. Sparks,
1085-1121. Madison, WI.: ASA and SSSA.

[16].  Soil Survey Staff. (2014). “Keys to Soil Taxonomy.” 12th ed. USDA Natural Resources Conservation Service.

[17]. Sys, C. E., Van Ranst, E., Debaveye, J. and Beerneart, F. (1993). Land Evaluation: Part Ill. Crop Requirements, Agricultural
Publication No, International Training Centre for post graduate soil scientists, University Ghent, Brussels, Belgium. 166 p.

[18].  Udoh, B. T., Ogunkunle, A. O. and Olaleye, A. O. (2006). Land suitability evaluation for banana/plantain (Musa spp.) cultivation
in Akwa Ibom State of Nigeria. Journal of Research in Agriculture, 3(3): 1-6.

[19]. Driessen, P., Deckers, J. Spaargaren, O. and Nachtergaele, F. (2001). Lecture notes on the major soils of the world. World Soil
Resources Reports (94), FAO, Rome.

[20]. Amusan, A. A. (1991). Pedogenesis in granitic gneiss of humid tropical Southwestern Nigeria. Unpublished Ph.D. Thesis, Obafemi
Awolowo University, lle- Ife, Nigeria. Pp 92.

[21]. Sombroek, W. G. and Zonneveld, 1. S. (1971). Ancient dune fields and fluviatile deposits in Rima-Sokoto River Basin (NW,
Nigeria). Soil Survey Paper No. 5. Soil Survey Institute. Wageningen. The Netherlands. 109pp.

[22].  Mbagwu, J., Lal, R. and Scott, T. W. (1985). Physical properties of three Soils in Southern Nigeria. Soil Science.136 (1): 48-55.

[23].  Egbe, N.E., Ayodele, E.A., Obatolu, C.R. 1989. “Soils and Nutrition of Cacao, Coffee, Kola, Cashew and Tea.” Progress in Tree
Crops Research 2:28-38.

*Corresponding Author: Olasoji, H. O 20 | Page


https://power.larc.nasa.gov/data-access-

Soil Characterization, Classification And Land Suitability Evaluation For Cocoa Production In ..

[24].
[25].
[26].
[27].
[28].
[29].

[30].

Uwitonze, P., Msanya, B. M., Mtakwa, P. W., Uwingabire, S., Sirikare, S. (2016). Pedological characterization of soils developed
from volcanic parent materials of Northern Province of Rwanda, Agriculture For. Fish, 5(6): 225-236.

Orimoloye J. R., Amadi-Rapheal K. A. S and Akinbola G. E. (2019). Characterization and agricultural potentials of some pedons
derived from sand stone parent rock near Abeokuta, Southwestern Nigeria. Journal of Soil Science and Environmental
Management. Vol. 10(5), pp. 82-93.

Brady, N. C. and Weil, R. R. (2002). The Nature and Properties of Soils. 13th edition. Pearson Education. India.

Lombin, G. (1983). Evaluating the micronutrient fertility of Nigeria’s semiarid savanna soils. 2. Zinc. Soil Sci., 136: 42-47.

Feiziasl V, Jafarzadeh J, Pala M, Mosavi SB (2009). Determination of Critical Levels of Micronutrients by Plant Response Column
Order Procedure for Dryland Wheat (T. aestivum L.) in Northwest of Iran. International Journal of Soil Science 4:14-26 doi:
10.3923/ijss.2009.14.26

Crespo CJQ, Zenteno MDC, Intriago FLM, Alvarado RAC (2017). Nutrient critical levels and availability in soils cultivated with
peach palm (Bactris gasipaes Kunth) in Santo Domingo de Los Tséchilas, Ecuador. Acta Agronomie 66(2):235-240

Oluwatosin, G.A., Adeyolanu, O.D., Ogunkunle, A.O. and Idowu, O.J. (2006). From land capability classification to soil quality:
And assessment. Tropical and Subtropical Agroecosystems. 6 (2), 45-55.

*Corresponding Author: Olasoji, H. O 21| Page



