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ABSTRACT: Soil quality is a key determinant of vegetation cover dynamics in tropical protected areas, yet its quantitative relationship with
vegetation degradation under anthropogenic pressure remains poorly documented at the profile scale in West African savannas. This study,
carried out in Comoé National Park (CNP, north-eastern Céte d’Ivoire), tested the hypothesis that the forest-savanna vegetation gradient along
an approximately 800 m transect of the corresponds to a measurable decline in soil quality driven by increasing anthropogenic pressure at the
park periphery. Five pedological profiles were excavated in March 2023, morphologically described and analysed following ISRIC protocols, and
classified using WRB 2022. Clay cation exchange capacity (clay-CEC) and available phosphorus (P) were used as primary soil quality indicators.
Results revealed a systematic soil quality gradient from gallery forest to degraded tree savanna: clay-CEC in the argillic horizon decreased from
27.4 cmol (c) kg™ (Ferric Lixisol, gallery forest) to 9.5 cmol (c) kg™ (Ferric Acrisol, degraded savanna), while available P declined from 16.3 to 0.1-
1.4 mg kg™. Three mid-slope profiles classified as Stagnic Ferric Acrisols showed temporary waterlogging from 10-11 cm depth and near-
complete Pimmobilisation, directly constraining rooting depth and woody species regeneration. Two pedological anomalies were documented:
MnOz-mediated pH buffering (pH 7.0) and smectite heoformation (CEC = 148 mmol* kg™!) under pseudo-gley conditions. These findings
establish a quantitative edaphic basis for vegetation cover decline in the CNP periphery and support differentiated conservation management
strategies.
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1 INTRODUCTION

Soils of the West African Sudanian savannas play a fundamental role in natural ecosystem dynamics and the resilience of agricultural systems
against climatic and anthropogenic disturbances [1]. Their capacity to support woody vegetation, store carbon, and regulate hydrological cycles
depends on edaphic properties that vary strongly across landscapes according to topography, lithology, and land use history [2]. Yet the
guantitative relationship between soil quality and vegetation cover dynamics at the profile scale remains poorly documented in West African
protected ecosystems.

The Comoé National Park (CNP, north-eastern Cote d'Ivoire), the largest protected area in West Africa (11,500 km?* UNESCO World Heritage
Site), constitutes a privileged observatory for soil-vegetation interactions. Its ecosystems are subjected to increasing anthropogenic pressure at
the periphery (clearing, shifting cultivation, transhumance) documented by multiple studies on vegetation cover degradation [3], [4], [5] and
land use change [6], [7], [8]. In contrast, systematic pedological investigations remain scarce: the work of Roose [9] and BUNASOLS [10]
established the broad regional cartographic units, but without the analytical resolution necessary to link soil properties to vegetation at the
transect scale.

The WRB 2022 classification system (World Reference Base for Soil Resources, IUSS Working Group WRB, 2022) [11], based on strict
analytical criteria, particularly clay cation exchange capacity (clay-CEC) as the discriminating criterion between Lixisols (>.24 cmol (c) /kg in the
argillic horizon) and Acrisols (< 24 cmol (c) /kg), provides a rigorous and internationally comparable framework for characterising the pedological
diversity of this environment. We hypothesise that the vegetation gradient observed along transect L1 corresponds to a measurable
pedogenetic gradient in which clay-CEC and phosphorus availability are the most discriminating indicators of soil quality decline.

Corresponding Author: Akotto Odi Faustin 998




Konaté Alassane, Bongoua-Devisme Affi Jeanne, Dibi N’'Da Hyppolite, and Akotto Odi Faustin

2 MATERIAL AND METHODS
21 STUDY AREA

The study site is the Comoé National Park (CNP), located between 8°30" and 9°40" N and 3°10’ and 4°20° W (Fig. 1), covering approximately
1,149,150 ha. The climate is tropical subhumid (Képpen: Aw), with mean annual precipitation of 900-1,100 mm. The dominant vegetation is
Sudanian wooded savanna with Isoberlinia doka, Daniellia oliveri, and Vitellaria paradoxa, with gallery forests along waterways (Khaya
senegalensis, Ceiba pentandra). The parent material is Precambrian granite-gneiss basement. The five profiled soils span a toposequential
sequence from gallery forest (L1-P1, 201 m) to degraded tree savanna (L1-P6, 190 m), covering approximately 800 m.
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Fig. 1. Location of the study area - A. Study site; B. Toposequential sequence of transect L1, Comoé National Park, Céte d'lvoire
2.2 FIELD SAMPLING AND PROFILE DESCRIPTION

Profiles were excavated in March 2023 (end of dry season). Pedological pits (1.5 m x 1.0 m, depth 0.7-1.2 m) were described following the
FAO Guide for the IUSS WRB Working Group (2022). GPS coordinates (UTM, Zone 30N, WGS84) and altitudes were recorded by differential
GNSS (+2 m precision). Munsell colours were determined on moist and dry soil using the Munsell 2009 chart. Coarse elements were estimated
visually and verified by sieving (2 mm sieve).

23 LABORATORY ANALYSES

Soil samples (500 g per horizon) were air-dried, crushed, and sieved at 2 mm. All analytical methods follow ISRIC protocols [12]: particle-size
distribution by the Robinson pipette method (5 fractions) after H.02 treatment and sodium pyrophosphate dispersion; organic carbon by
Walkley-Black method; total nitrogen by Kjeldahl; pH (H20 and KCl) at 1: 2.5 ratio; CEC and exchangeable bases by ammonium acetate extraction
at pH 7.0 (Metson method); available phosphorus by Bray Il method; coarse elements by sieving and weighing at 105°C. For profile L1-P4, MnO>
nodules were confirmed by H.0,/HCl decolourisation test.

24 SOIL CLASSIFICATION

The primary classification is WRB 2022. Parallel systems used are Soil Taxonomy (USDA 1999), FAO (1974), and CPCS. Clay-CEC (= CEC/ (%
clay / 100)) is the key criterion discriminating Lixisols from Acrisols. The WRB 2022 procedure was applied sequentially: (i) ochric horizon
verification; (i) argillic horizon (clay ratio B/A > 1.2); (iii) Lixisol/Acrisol discrimination; (iv) first-level qualifiers (Ferric, Stagnic, Endopetric); (v)
second-level qualifiers (Dystric, Skeletic).
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3  RESULTS
3.1 OVERVIEW OF THE L1 TOPOSEQUENCE

The five profiles span 11 m of altitude (201-190 m) and represent a complete ecological gradient from gallery forest to degraded tree
savanna. Table 1 summarises the WRB 2022 classification, key clay-CEC values and drainage conditions.

Table1. WRB 2022 classification, clay-CEC of the argillic horizon and Stagnic depth along transect L1, Comoé National Park

Profile |[Site / Vegetation Alt. (m) C(I::;s:z;;;:_;c Stagnic depth WRB 2022 Classification

L1-P1 |Gallery forest 201 274 None Ferric Lixisol (Dystric, Skeletic)

L1-P3  |Grass savanna 201 21.2 10cm Stagnic Ferric Acrisol (Dystric)

L1-P4 |Degraded wooded savanna 199 16.8 11cm Stagnic Ferric Acrisol (Dystric, Endopetric)
L1-P5 |Shrub savanna 196 10.7-21.2 11cm Stagnic Ferric Acrisol (Dystric, Endopetric)
L1-P6 |Degraded tree savanna 190 9.5 None Ferric Acrisol (Dystric, Endopetric)

3.2 FERRIC LIXISOL (DYSTRIC, SKELETIC) L1-P1 - GALLERY FOREST

Situated at 201 m in gallery forest, L1-P1 (Fig. 2) is the only Lixisol on the transect. Clay-CEC in the argillic horizon B1.2 (94-110 cm) reaches
27.4 cmol (c).kg > exceeding the WRB 2022 threshold, reflecting 2: 1 clay minerals (illite, interstratified) inherited from gentle weathering under
dense forest. Available phosphorus is highest at the surface (16.3 mg.kg?), base saturation exceeds 79% throughout, and pH ranges 6.2-6.5. The
60 % coarse elements in AO (argillaceous aggregates) justifies the Skeletic suffix; ferruginous concretions > 15% in B1.1 justify the Ferric prefix.

Horizon Profile Description

A

A0 (0-3 cm): Dark brown (7.5YR 6/3, dry), sandy-loam texture, granular structure, moist,

very rich in organic matter. High coarse element content (60%) consisting of consolidated
argillaceous aggregates with sub-horizontal roots (mm to cm). Very high porosity. Very good
drainage. Progressive transition to Bw1.
Bwl Bwl (3-94 cm): Light brown (7.5YR 7/6, moist to dry), sandy-loam texture, massive and
coherent structure. Very little organic matter. Coarse elements 34.78% (ferruginous sandy-clay
concretions). Good porosity. Sub-horizontal roots (cm to dm). Good drainage. Progressive
transition to Bw2.

Bw2 (94-110 cm): Beige (7YR 3/2, moist to dry), sandy-clay loam texture, coherent
structure. No organic matter. Coarse elements 23.07% (clay-sandy concretions). Good porosity.
No roots observed. Good drainage. Bottom of profile.

Bw2

Fig. 2. Morphological description of profile L1-P1 Ferric Lixisol (Dystric, Skeletic) - Gallery Forest, Bouna, Comoé National Park. UTM coordinates: N
967163 / W 409911, altitude 201 m, March 25, 2023

3.3  STAGNICFERRIC ACRISOL (DYSTRIC, ENDOPETRIC) - GRASS SAVANNA

Both profiles L1-P3 and L1-P4 (Fig. 3 and Fig. 4) show redoximorphic features from 10-11 cm, indicating seasonal perched water tables above
the compact argillic horizon. In L1-P3, the diagnostic Btg horizon (10-26 cm, 49% clay) has clay-CEC = 21.2 cmol (c).kg < 24, confirming Acrisol
classification. Available P drops from 3.6 mg.kg™ (A1) to 0.1-1.3 mg.kg? (deep Bcg). In L1-P4, clay-CEC falls to 16.8 cmol (c).kg? in the argillic Btg
(11-23 cm), the second lowest on the transect. A remarkable pH anomaly in Bcg2 (61-100 cm): pH 7.0 and positive ApH (+1.1), attributed to
MnO:; reduction (see Section 4.3). Ferruginous induration at 90 cm classifies L1-P4 as Endopetyric.
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Horizon Profile Description

Al (0-10 cm): Dark greyish brown (2.5Y 3/2, moist), loamy clay texture (34 %
clay), well-developed granular structure, OM = 1.40%, numerous roots, good
drainage. Sharp transition to Btg,

Al

Btg (10-26 cm): Pale beige (2.5Y 6/2, moist to dry), clayey texture (49 % clay).
Argillic horizon (t) with hydromorphic features from 10 cm (g); 22.72% clay-ferrous
concretions; clay-CEC = 21.2 cmol(c) kg™ (Acrisol). Low porosity. Few centimetric
roots. Poor drainage (temporary waterlogging). Irregular transition to Bweg,

Btg

Bweg (26-36 cm): Mottled brown (5Y 4/2, dry), sandy-loam texture (14% clay)
marked textural break from Btg (49 to 14 %). Particulate structure (no cohesion). No
organic matter. 20 % ferrous concretions with oxidation and hydromorphic mottles.
Low porosity. Rare roots. Poor drainage. Progressive transition to Begl,

Begl (36-53 cm): Dull brownish red (10YR 3/2, dry), sandy-clay loam texture
(31% clay). Massive compact structure. No organic matter. 12 % ferrous concretions
(incipient induration). Very low porosity. Rare roots. Very poor drainage. Progressive
transition to Beg2,

Bwcg

Bcegl

Beg2 (53-70 em): Dull brownish red with intense rust mottles (10YR 5/2, dry),
clayey texture (43 % clay). Massive structure. No organic matter. 15 % iron and clay
concretions. Very low porosity. Rare roots. Very poor drainage. Intense rust mottles
indicate iron oxidation during drying phases after waterlogging. Bottom of profile.

Bceg2

Fig. 3. Momphological profile of L1-P3 Stagnic Ferric Acrisol (Dystric, Endopetric), grass savanna, Bouna, Comoé National Park. UTM: N 967096 / W
410054, altitude 201 m, March 24, 2023

Horizon Profile Description
okt = A1 (0-11 em): Dark brown (10YR 3/3, moist), loamy clay texture (20 % clay),
1 well-developed granular structure, OM = 1.47%, signs of anthropogenic compaction.

. Sharp transition to Btg.

Btg (11-23 cm): Yellowish brown (7.5YR 5/6, moist), clayey texture (38 %
clay)-abrupt clay increase from Al (20 to 38 %), ratio Btg/A1 = 1.90, well above the
WRB argillic threshold of 1.2. Argillic horizon (t) with redoximorphic features (g).
Clay-CEC = 16.8 cmol(c) kg! < 24 (Acrisol). 18 % clay concretions with
hydromorphic mottles. Low porosity. Few centimetric roots. Poor drainage. Irregular
transition to Bweg.

Bweg (23-40 cm): Mottled yellowish brown (10YR 5/4, moist), clayey texture
(39 % clay). In-situ alteration (w) + concretions (c) + redox mottles (g). 20 %
ferruginous concretions with intense oxidation mottles. Particulate structure. No
organic matter. Rare roots. Poor drainage. Progressive transition to Begl.

Begl (40-61 cm): Brown (7.5YR 4/6, moist), sandy-clay texture (22% clay).
Black MnO: mottles; clay-CEC = 20.9 < 24; pronounced waterlogging. Massive
compact structure. No organic matter. 25% coarse elements. Very low porosity. Rare
roots. Very poor drainage. Progressive transition to Beg2,

Beg2 (61-90 cm): Olive brown (5Y 5/3, moist), clayey texture (36 % clay). pH =
7.0 anomaly; abundant MnO: nodules; induration at 90 cm (Endopetric); refusal at
100 cm. Positive ApH (+1.1) indicates net positive variable charge. Massive
structure. No organic matter. 30% coarse elements. Very low porosity. No roots.
Very poor drainage. Bottom of profile.

R
Al X

Fig. 4. Morphological profile of L1-P4 Stagnic Ferric Acrisol (Dystric, Endopetric), degraded wooded savanna, Nassian periphery, Comoé National Park.
UTM: N 967036 / W 410136, altitude 199 m, March 24, 2023

34 STAGNIC FERRIC ACRISOL (DYSTRIC, ENDOPETRIC) - L1-P5 - SHRUB SAVANNA
Profile L1-P5 (196 m, Nassian) presents a high CEC (14.8 cmol (c).kg) in the Btg horizon (11-50 cm), interpreted as a smectite neoformation

signature under pseudo-gley conditions (colour 5Y 7/3). Clay-CEC drops to 10.7-21.2 cmol (c). kg'in the Bpfg horizon (50-91 cm), confirming
Acrisol classification. Available P is near-zero throughout depth (0.1-0.3 mg.kg ). Ferruginous induration begins at 50 cm (Fig.5).
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Horizon Profile

Al

Btg

Bpiz

el

Description

Al (0-11 em): Dark brown (7.5YR 6/3, moist), sandy-clay loam texture (26 % clay),
granular structure, OM = 1.38 %, 34.78 % argillaceous aggregates, abundant sub-horizontal
roots (mm to cm). Very good porosity. Very good drainage. Progressive transition to Btg.

Btg (11-50 cm): Beige pseudo-gley (5Y 7/3, dry), characteristic ¢olour of intense
seasonal waterlogging. Clayey texture (46-52 % clay according to sampling depth). Clay
accumulation ratio 1.77-2.00, well above the WRB threshold of 1.2. Argillic horizon (t) +
hydromorphic features (g). 8.33 % oxidising argillaceous concretions. CEC = 148 mmol* kg-
1 exceptional wvalue suggesting smectite neoformation under pseudo-gley conditions.
Massive structure. Low porosity. Rare centimetric to decimetric roots. Poor drainage.
Irregular transition to Bpfg.

Bpfg (50-91 cm): Mottled red (I0YR 5/2, dry), clayey texture (45-49 % clay). Incipient
Petroferric horizon (pf) with ferruginous induration from 50 cm (Endopetric). Quartz vein
from Precambrian basement (granite) visible below 50 cm. Very poor drainage with intense
oxidation traces. 8.82% coarse elements. No roots. Very low porosity. Bottom of profile
with generalised induration beyond 90 cm..

Fig. 5. Morphological profile of L1-P5 Stagnic Ferric Acrisol (Dystric, Endopetric), shrub savanna, Kakpin-Nassian, Comoé National Park. UTM: N 966975 /

W 410213, altitude 196 m, March 24, 2023

35 FERRIC ACRISOL (DYSTRIC, ENDOPETRIC) - L1-P6 - DEGRADED TREE SAVANNA

Profile L1-P6 (190 m) is the most ferrallitised, with absolute minimum clay-CEC of 9.5 cmol (c).kg* in the argillic Bt1 (20-59 cm). Unlike L1-P3-
P5, L1-P6 shows no Stagnic features (vivid colours exclusively 5YR/7.5YR), indicating effective drainage, likely facilitated by the macroporosity of
pysoplentique ferruginous concretions. Unaltered quartz and feldspar crystals in Bt2 (59-74 cm) signal a shallow lithological contact with

Precambrian granite. Available P
feldspars.

in A1 (5.5 mg.kg?) is slightly higher than in L1-P3/P4 (Fig. 6), attributed to transitional P release from weathering

Description

Horizon Profile

Al

Btl

Bi2

Bfe

Al (0-9 cm): Dark brown (7.5YR 3/4, moist), sandy-loam texture (16% clay), granular
~ coherent structure, OM = 1.21 %, 44% argillaceous aggregates (intense biological pedoturbation
by termites and burrowing fauna). Good porosity. Numerous roots (mm to em). Good drainage.
¢ Irregular transition to A3.

A3 (9-20 cm): Dark to pale brown (7.5YR 6/6, moist), clayey texture (46 % clay), partially
humiferous (OM = 1.21 %), incipient oxidising concretions (36.36 %). Coherent to subangular
blocky structure. C/N = 7.8: highly mineralised organic matter. Medium drainage. Irregular
transition to Btl.

Btl (20-59 cm): Brun rougeatre (5YR 6/8. frais a sec). Argile (40 %). Horizon argilique
principal : ratio Btl/Al = 2,50. Couleur 5YR témoigne de sesquioxydes de Fe libres
(goethite/hématite). EG = 35,71 % de concrétions pysoplentiques (ferrugination avancée).
Structure massive et cohérente. pH 5,3; CEC = 3,8 cmol(c)’kg; CEC argile = 9,5 cmol(c)/kg.
Transition progressive vers Bt2,

Bt2 (59-74 cm): Reddish brown (5YR 5/8, dry), clayey texture (42 % clay). Lower argillic
| horizon. Unaltered quartz and feldspar crystals visible (23.68 % coarse elements) shallow
| lithological contact with Precambrian granite (granite or gneiss). Massive structure. Poor
drainage. Few rare millimetric roots. Progressive transition to Bfe.

Bfe (74-94 e¢m): Brown-red with ochre red mottles (SYR 5/8 mottled, dry), clayey texture
" (41 % clay). Dense pysoplentique clay concretions (22.85 %) + ferruginous induration at 85 cm
(Endopetric). Subangular fragmentary structure. No roots. Very low porosity. pH rises to 6.1
(Fe/Al oxide buffering). Active lateritisation beyond 85 cm. Bottom of profile.

Fig. 6. Monphological profile of L1-P6 - Ferric Acrisol (Dystric, Endopetric), degraded tree savanna, Nassian, Comoé National Park. UTM: N 966990 / W

410287, altitude 190 m, March 25, 2023
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3.6 ANALYTICAL SUMMARY

The five profiles of transect L1 form a coherent pedogenetic sequence whose morphological expression (Figures 2-6) is fully consistent with
the analytical data summarised in Tables 2 and 3. Three convergent gradients structure this sequence.

Asystematic decline in clay-CEC. The diagnostic argillic horizon shows a monaotonic decrease in clay-CEC from 27.4 cmol (c) kgt in the gallery-
forest Lixisol to 9.5 cmol (c) kgt in the degraded tree-savanna Acrisol, crossing the WRB 2022 discrimination threshold of 24 cmol (c) kg™ between
L1-P1 and L1-P3 (Table 1). This transition from 2: 1 clay minerals under gallery forest to kaolinite-dominated assemblages under open savanna
is visually expressed by the progressive change in horizon colouration (from the beige-brown tones of L1-P1 to the vivid reddish-brown 5YR hues
of L1-P6 Bt1) and is confirmed by the systematically lower CEC values throughout the argillic horizons of L1-P3 through L1-P6 (Table 2).

A progressive onset and intensification of waterlogging. The absence of redoximorphic features in L1-P1 and L1-P6 contrasts sharply with
the Stagnic features documented from 10-11 cm in L1-P3, L1-P4, and L1-P5. The distinctive pale beige pseudo-gley colour (5Y 7/3) of the Btg
horizon in L1-P5 is the most visually striking expression of this waterlogging, consistent with the exceptional CEC of 148 mmol* kg recorded in
Table 2 and interpreted as smectite neoformation under alternating redox conditions. In L1-P4, the blackish MnO2 nodules visible in Bcg2 directly
correspond to the pH 7.0 anomaly and positive ApH (+1.1) reported in Table 2.

A near-complete phosphorus collapse. Available P in the surface horizon drops from 16.3 mg kg™ under gallery forest to 1.4-3.6 mg kg under
savanna (L1-P3, L1-P4, L1-P5), reflecting the progressive loss of organic litter input visible in the thinning and darkening of surface A horizons
across. Thesslightly elevated Pin L1-P6 A1 (5.5 mg kg™ Table 1) is a transitional anomaly attributable to incipient feldspar weathering, as confirmed
by the unaltered quartz and feldspar crystals visible in the Bt2 horizon of Figure 6 (a morphological feature unique to this profile on the transect).

Taken together, the morphological profiles (Figures 2-6) and analytical tables (Tables 2-3) establish that the forest-savanna vegetation
gradient along transect L1 is underpinned by a measurable, multi-indicator soil quality decline, operating simultaneously on clay mineralogy,
drainage regime, and phosphorus availability: three edaphic functions directly controlling woody species establishment and vegetation cover
dynamics in the Comoé National Park periphery

Table2. Summary of WRB 2022 classification and key analytical parameters for the five profiles of transect L1, Comoé National Park. CECclay = clay cation
exchange capacity in the diagnostic argillic horizon (*); V = base saturation (pH 7 ammonium acetate}); P = available phosphorus (Bray ll) in the surface

horizon
Profile Vegetation Clay ratio B/A | CECclay’(cmol/kg) | Stagnic (depth cm) P avail. mg/kg WRB 2022
Ferric Lixisol
L1-P1 Gallery forest 2.50 274 None 16.3 (Dystri, Skeletic)
Stagnic Ferric Acrisol
L1-P3 Wooded savanna 144 21.2 Yes (10) 36 .
(Dystric)
Stagnic Ferric Acrisol
L1-P4  |Degraded savanna 1.90 16.8% Yes (11) 21 . .
(Dystric, Endopetric)
= Forric Acricol
L1-P5  |Degraded savanna 1.77-2.00 10.7% Yes (11) 14 Stang erme crls.o
(Dystric, Endopetric)
L1-P6 Tree savanna 2.50 9.5 None 5.5§ Ferric Acnsol .
(Dystric, Endopetric)

XpH anomaly (7.0) in Bcg2 attributed to MnO; nodule dissolution. ¥Btg-1 CEC = 148 mmol* kg™ (smectite neoformation); minimum CECclay in Bpfg. § Elevated P
from incipient feldspar weathering.
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Table 3. Detailed analytical data (chemistry and clay-CEC) for all profile horizons. OC = organic carbon; CEC = cation exchange capacity; V = base saturation;
ApH = pH (KCl) - pH (H0)

Profile | Horizon | Depth(cm)| pHH,O 0OC (%) Clay (%) CEC cmol/kg V (%) CECclay cmol/kg| ApH
AO 03 6.2 0.84 6 4.7 79 783 -09

L1-P1 B1.1 394 6.4 0.46 15 5.6 80 373 -0.9
B1.2 94-110 6.5 034 27 7.4 80 274 -09

Al 0-10 6.1 0.81 34 7.7 76 226 -1.1

Btg 10-26 6.8 043 49 104 77 21.2° -09

L1-P3 Bwcg 26-36 6.3 0.35 14 5.6 76 40.0% -0.9
Bcgl 36-53 6.5 0.38 31 6.5 78 20.6 -09

Bcg2 53-70 6.6 0.35 43 113 77 25.1 -09

Al 011 6.0 0.85 20 6.8 82 34.0 -09

Btg 11-23 6.2 0.58 38 6.4 80 16.8" -09

L1-P4 Bwcg 23-40 6.3 0.45 39 7.8 80 20.0 -09
Bcgl 40-61 6.5 0.38 22 4.6 83 20.9 -0.9

Bcg2 61-100 7.0% 0.32 36 113 89 314% +1.1%

A0 011 6.6 0.80 26 8.1 83 31.2 -1.1

Btg-1 11-50s 6.6 0.55 46 14.88 83 32.2 -11

L1-P5 Btg-2 11-50i 6.7 0.54 52 - - - -1.1
Bpfg-1 50-91s 6.4 043 49 104 82 21.2° -1.1

Bpfg-2 50-91i 5.6 0.52 45 4.8 85 10.7° -1.1

Al 09 6.6 0.70 16 45 88 28.1 -1.1

A3 9-20 5.9 0.70 46 6.0 83 13.0 -1.1

L1-P6 Btl 20-59 53 0.45 40 3.8 84 95 -1.1
Bt2 59-74 5.6 0.44 42 49 83 11.7 -1.1

Bfe 7494 6.1 0.44 41 5.6 84 13.7 -1.1

*Diagnostic argillic horizon. XArtefact: CECclay inflated by very low clay content (14 %); not used for classification. ¥Bcg2 pH anomaly and positive ApH attributed
to MnO; dissolution. CEC = 148 mmol* kg'; interpreted as smectite neoformation. s = upper sub-sample; i = lower sub-sample.

4 DISCUSSION
41 CLAY-CEC As DISCRIMINATING CRITERION BETWEEN LiXiSOLS AND ACRISOLS

The 24 cmol (c) kg™ threshold clearly separates L1-P1 (Ferric Lixisol, clay-CEC = 27.4) from profiles L1-P3 and L1-P4 (Acrisols, 16.8-21.2 cmol
(c) /kg). This difference reflects distinct clay mineralogy: gallery forest Lixisols retain a kaolinitic-illitic fraction with high adsorptive capacity under
gentle weathering and favourable drainage, whereas wooded-savanna Acrisols subject to more pronounced ferrallitisation and alternating
drought—saturation cycles show declining clay-CEC through advanced kaolinisation and progressive replacement by low-charge iron oxides [13
[, [14]. L1-P4, at the CNP periphery (Nassian), has the lowest clay-CEC among the Stagnic Acrisols (16.8 cmol (c).kgY), consistent with more intense
ferrallitisation and more persistent hydromorphic conditions. L1-P6, without Stagnic features but showing the most oxidising permanent
conditions (colours 5YR/7.5YR throughout), reaches the absolute minimum of 9.5 cmol (c).kg characteristic of kaolinite + Fe** oxides
assemblage with minimal charge.

4.2 PROGRESSION OF STAGNIC FEATURES AND THEIR ECOLOGICAL SIGNIFICANCE

Profile L1-P1 is free of redoximorphic features, benefiting from lateral drainage under gallery forest. In contrast, L1-P3 and L1-P4 show Stagnic
features from 10-11 cm, reflecting seasonal waterlogging in the wet season above the compact argillic horizon. This process, well-documented
in Sudanian Acrisols [15], is amplified in L1-P4 by ferruginous induration at 90 cm blocking vertical percolation. The resulting shallow rooting
constraint directly inhibits the establishment of deep-rooted woody species and contributes to the documented regression of tree cover at the
CNP periphery.

43 MNO2-MEDIATED PH ANOMALY IN L1-P4 BcG2
The pH 7.0 and positive ApH (+1.1) in Bcg2 of L1-P4 are exceptional for a dystric Acrisol (typical pH < 6.5 at depth). Two non-exclusive

mechanisms are proposed: (i) MnO: reduction under prolonged reducing conditions (MnO; + 4H* + 2e~ - Mn?* + 2H:0), consuming protons
and raising local pH; (ii) release of Ca?* and Mg?* during MnO; nodule dissolution, reaching the highest base saturation of the profile (V = 89.4%
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in Bcg2). This manganese-mediated neutralisation is documented in ferruginous soils with manganiferous nodules in West Africa [16], [17].
Induration at 90 cm concentrates reducing reactions in this zone. The positive ApH (net positive variable charge) further confirms dominance of
sesquioxides buffering at neutral-to-basic pH.

4.4 PHOSPHORUS AVAILABILITY AS THE LIMITING FACTOR FOR WOODY VEGETATION

The P gradient (16.3 mg.kg? in L1-P1 AO to 0.1-1.3 mg.kg? in deep Bcg of L1-P3/P4) constitutes the most direct edaphic constraint on
vegetation recovery. In gallery forest, dense litter ensures continuous biological P recycling, moderate ferrallitisation allows organic matter to
complex phosphate, and slightly acidic pH (6.2) limits P precipitation [18]. In savanna Acrisols, near-complete P immobilisation by Fe-Al
sesquioxides at low organic matter content [19] prevents the mycorrhizal symbiosis and root growth required for woody pioneer species to
establish on degraded surfaces. The slightly elevated P in L1-P6 A1 (5.5 mg.kg™) from weathering feldspars is a transient reservoir that will decline
as weathering advances.

45 SMECTITE NEOFORMATION ANOMALY IN L1-P5

The CEC of 148 mmol* kg in the Btg-1 of L1-P5 is far above the kaolinite range (3-15 cmol (c).kg™) and constitutes a diagnostic signature of
2: 1 phyllosilicate neoformation. Seasonal waterlogging (colour 5Y 7/3) creates favourable hydrolysis conditions for crystallisation of
montmorillonite or beidellite from dissolution of iron oxides and silica mobilisation [20], [21]. The 67% collapse of CEC from Btg to Bpfg-2,
concomitant with colour change from 5Y to 10YR indicating return to oxidising conditions, confirms that smectites are confined to the pseudo-
gley zone and replaced by kaolinite and Fe3* oxides in depth [13]. This neogenesis produces a temporary local improvement of cation retention
capacity in the waterlogged zone, but P immobilisation remains near-complete (0.1-0.3 mg.kg?).

4.6 PEDOGENETIC GRADIENT AND CONSERVATION IMIANAGEMENT

The decreasing clay-CEC gradient (78.3 to 9.5 cmol (c).kg* from L1-P1 to L1-P6), correlated with P decline (16.3 to 0.1-1.4 mg.kg?) and the
progression of Stagnic and Endopetric features, reflects a systematic increase in ferrallitisation and edaphic impoverishment from the protected
gallery forest toward the anthropogenic pressure zone at the CNP periphery [22], [23]. These results support differentiated conservation
measures: strict protection of gallery forests (maintaining P stocks and biological soil structure as refugia for woody species regeneration), and
rehabilitation of degraded Acrisols through adapted agroforestry (leguminous shrubs for N input and P solubilisation, wildfire management).
The profiles at the CNP periphery (L1-P4, L1-P6) represent irreversible stages of soil degradation under current management [24]; restoration
will require active intervention to re-introduce organic matter and break the impermeable ferruginous layers.

5 CONCLUSION

The pedological analysis of five profiles along transect L1 of the Comoé National Park, Bouna (Cote d’Ivoire) establishes a quantitative edaphic
basis for vegetation cover decline along the forest-savanna gradient under anthropogenic pressure. The single gallery-forest Ferric Lixisol
contrasts sharply with the three Stagnic Ferric Acrisols presenting early temporary waterlogging (10-11 cm), severe P immobilisation, and
abundant ferruginous concretions. L1-P4 documents an exceptional MnOz>-mediated pH buffering; L1-P5 shows a smectite neoformation
signature is the most ferrallitised profile, with the absolute minimum clay-CEC of 9.5 cmol (c) /kg, shallow lithological contact signalled by
unaltered feldspars, and pysoplentique concretions evidencing advanced lateritisation. Clay-CEC of the argillic horizon is confirmed as a reliable
and operationally relevant criterion for discriminating soil quality along this forest—savanna gradient in the Sudanian pedoclimatic context of
West Africa. The correlated gradient of clay-CEC and available P provides a robust analytical foundation for soil-vegetation modelling and for
prioritising differentiated habitat management at the CNP: strict protection of gallery forests and active rehabilitation of peripheral degraded
Acrisols.
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