X4

Open Journal of Soil Science, 2025, 15(3), 199-223

X/

"‘: g‘é'seé‘;;gﬁ https://www.scirp.o.rg/journa|/ojss
94% Publishing ISSN Online: 2162-5379

o,

ISSN Print: 2162-5360

Soil Characterization and Land Suitability
Evaluation for Egusi Melon (Citrullus
mucosospermus) Cultivation in Bafia,
Centre Region of Cameroon

Kontchou Joel Jordan Dzokou®, Alexis Boukong, Roger Kogge Enang'”,
Tagny Arthur Landry Tapa, Atsagou Hillary Harbor Mekoudja, Ghomsi Lionelle Meyou

Soil Science Department, Faculty of Agronomy and Agricultural Sciences, University of Dschang, Dschang, Cameroon

Email: *joeldzokou@gmail.com

How to cite this paper: Dzokou, K.J.J., Bou-
kong, A., Enang, RK,, Tapa, T.A.L, Me-
koudja, A.H.H. and Meyou, G.L. (2025) Soil
Characterization and Land Suitability Eval-
uation for Egusi Melon (Citrullus mucoso-
spermus) Cultivation in Bafia, Centre Re-
gion of Cameroon. Open Journal of Soil Sci-
ence, 15, 199-223.
https://doi.org/10.4236/0jss.2025.153010

Received: December 27, 2024
Accepted: March 16, 2025
Published: March 19, 2025

Copyright © 2025 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

Abstract

Enhancing the value of indigenous food crops such as Egusi melon, which is
considered a “lost crop” in many places around the globe, can significantly
contribute to food security of millions of people who depend on agriculture
for their livelihood. One of the limitations to optimal production of Egusi
melon is the lack of soil and climate information for sustainable crop manage-
ment. Soils of the Bafia district were characterised and classified in order to
assess their suitability for growing Egusi melon. Seven sites, representative of
the study area, were identified based on previous studies in the study area.
Land evaluation was done using a parametric method. The soils belong to
three reference soil groups; Ferralsols, Acrisols and Cambisols. The climate of
the area is moderately suitable, with the main limitation being relative humid-
ity. However, 42.9%, 28.57%, 85.71% and 14.29% of the land in the study area
is limited by soil physical characteristics (t), topography (t), fertility charac-
teristics (f) and moisture (w), respectively. More specifically, these limitations
are related to slope, soil texture, pH, flooding and base saturation. Also, 28.6%
of this land is currently unsuitable and potentially suitable (N1), while 71.3%
is marginally suitable (S3). Based on this assessment, it is highly recommended
to employ appropriate management practices that can improve the physical,
chemical and biological properties of the soils.
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1. Introduction

The loss of value of traditional indigenous food crops and their decline in produc-
tion are becoming increasingly recurrent. The cultivation of these crops would
contribute to the food security of millions of people who depend on agriculture
for their livelihoods [1]. Egusi melon (Citrullus mucosospermus) is a seed vegeta-
ble widely grown in the tropics [2]. Although this crop has been classified as an
“under-utilised or lost crop” of African origin [3], it is however commercialized
in some African countries (e.g. Benin, Cameroon, Ghana, Nigeria, Togo, Namibia,
Sudan, etc.), Europe (England, Scotland, Ireland, France, etc.), the United States
and Asia (Japan and China), where it is sold as whole seeds or ground [4]. The
seeds contain about 50% oil, which is comparable to other oilseed crops [5]. It
contains about 29.23% proteins, 56.67% lipids and 9.87% carbohydrates [6]. The
nutrient value of Egusi melon thus makes it an interesting oilseed beyond the bor-
ders of Africa, where it is mainly grown for consumption and export [7]. In the
past few years, a considerable decline in Egusi melon seed yields has been observed
in Cameroon. Yields dropped from 414.41 Kg/ha in 2015 to 373.08 Kg/ha in 2019
[8]. In order to ensure sustainable agricultural development and production of
this crop, robust and efficient farmland management is needed [9]. The increasing
population and food demand in Cameroon exert significant pressure on land re-
sources, particularly affecting the cultivation of Egusi melon. Land evaluation and
soil characterization are crucial for growing Egusi melon as they directly influence
crop yield and quality. They guide sustainable agricultural practices by identifying
suitable areas for cultivation, thereby minimizing land degradation and promot-
ing environmental conservation [10]. Studies have shown that Egusi melon thrives
best in fertile, well-drained soils with adequate organic matter and nutrients, par-
ticularly nitrogen and phosphorus [11]. Soil pH, Texture, and moisture retention
also significantly affect growth, sandy loam soils are preferred due to their drain-
age properties [11]. Understanding land characteristics aids in adapting cultiva-
tion practices to changing climatic conditions, ensuring resilience against poten-
tial crops failures [12]. Furthermore, the most productive lands for Egusi melon
helps in optimizing fertilizer applications and can enhance their economic re-
turns, contributing to food security and local economics [13]. Land suitability
analysis (LSA) is one of the key processes in land use planning [14] and is a pre-
requisite for achieving optimal use of available land resources [15].

The objective of this study was to assess land suitability for rain-fed Egusi melon

cultivation in Cameroon for better sustainable land use and management.

2. Materials and Methods
2.1. Description of the Study Area

The study area is located in the Centre Region of Cameroon, precisely in the Bafia
district, between latitudes 4°40' and 4°48' North, and longitudes 11°2' and 11°8'
East (Figure 1). Bafia district covers an area of about 1300 km?. The area is located

on the southern Cameroonian plateau with an average altitude of 700 m and ele-
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vations that can reach 900 m. The climate is the humid sub-equatorial type, with
four seasons (a short rainy season, a short dry season, a long rainy season and a
long dry season). Average annual rainfall varies between 1400 mm and 1600 mm.
Average temperatures vary between 23°C and 25°C. Average Relative humidity is
87%. The vegetation in the area is dominated by gallery forest and shrub savannah.
It is fairly well watered by rivers and many marshes, including the Mbam river,
Sanaga river, Inoubou and Noun [16]. The soils are sesquioxidic, with acrisols and
ferralsols dominating on acid rocks found in the forests and indurated ferralitic
soils characterised by iron nodules found in the savannah and in some forests.
These soils have metamorphic rocks as dominant parent material (gneiss, or-

thogneiss, mica schists), belonging to the geological group of Yaoundé [17] [18].

4°45'0"N

11°10°0"E 11°15'0"E
1 1

* Localities
— Rivers
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— National roads
— Secondary roads
Altitudes (m)
N 440 - 490
B 490 - 530
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CIBafia Commune

T
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T 1
11°10'0"E 11°15'0"E

Figure 1. Location of study area showing the sampling sites (soil profiles).

2.2.Field Methods (Soil Description and Sampling)

Seven sites (Table 1), representative of the study area, and based on previous sur-
vey studies by ORSTOM [19], were identified. The seven sites were selected based
on geomorphological features, soil forming factors, and pedogenic processes as
depicted in previous studies by ORSTOM in the study area [19]. For each of the
sites, a soil profile was realised under natural vegetation and described according
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to the FAO soil description guidelines [20]. Soil samples were collected following
diagnostic horizons, and stored in polythene bags prior to laboratory analyses.
Undisturbed samples for bulk density determination were collected using Ko-

pecky rings of 100 cm?®.

Table 1. Geographical coordinates of the various sites.

Sites Latitude Longitude Elevation (m)
LAKPWANG 4°45.995'N 11°09.85'E 544
SANAM 4°46.200'N 11°11.220'E 519
NYAMSON 2 4°45.449'N 11°15.152'E 462
BIABEZOCK 4°45.920'N 11°16.114'°E 526
DONE IRIBOUEM 4°43.887'N 11°11.319E 536
GOUFAN 2 4°41.762'N 11°14.362'E 498
CAMPUS AREA 4°46.075'N 11°14.205'E 482

2.3. Laboratory Analysis

Chemical properties were determined according to the procedures described by
Pauwels et al [21]. Soil OC content was determined by the Walkley and Black
method, while bulk density was determined as the oven dry mass (105°C) of each
undisturbed core sample by volume. Soil pH was determined using 1:2 soil-H,O
and 1:2 soil-KCl ratios for pHyaer and pHxa, respectively. Total nitrogen and avail-
able phosphorus (P) were determined by the Kjeldahl wet digestion method and
the Bray II method, respectively. Exchangeable base cations were determined by
the Schollenberger’s method using a 1M ammonium acetate solution buffered at
pH 7. The concentrations of exchangeable sodium (Na*) and potassium (K*) in
the solution extract were obtained by flame photometry, while those of calcium
(Ca?*) and magnesium (Mg*") were obtained by complexometry using a 0.002M
Na;-EDTA solution. The cation exchange capacity (CEC) was determined by di-
rect continuation of the Schollenberger’s method using a 1N KCl solution for the
displacement of ammonium ions. The hydrometer method was used for particle
size analysis according to the procedures described by Bouyoucos [22] after soil

dispersion with a 1N sodium hexametaphosphate solution.

2.4. Determination of Growing Period and Humid Periods

After obtaining daily rainfall for the study area for the past 30 years, the average
monthly rainfall over a 30-year period was determined. Potential evapotranspira-
tion (PET) was estimated using the FAO Penman-Monteith method [23] [24] de-
fined by Equation (1).

0.408A(Rn - G) +y 200 U2(es—ea)
ETo= T+273 (1)
A+y(1+0.34U2)
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where:

ETo = Reference evapotranspiration (mm-day™),

Rn = net radiation at the crop surface (MJ-m-day™),

G: soil heat flux density (G = 0 because it is assumed that there is a balance
between heat loss during the day and night, MJ-m2-day™),

T: Mean daily air temperature at 2 m height (*C),

U2: wind speed at 2 m height (m-s™),

y: psychrometric constant (KPa-"C™),

es: saturated vapour pressure (KPa),

ea: actual vapour pressure (mbar),

es-ea: saturation vapour pressure deficit (kPa),

A: slope of saturation vapour pressure curve (kPa."C™).

The potential evapotranspiration determined enable the obtention of the cli-
matic diagram (Figure 2) in the study area. Based on the climatic diagram, the
humid period begins in early March and ends around mid November, while the
growing period starts around the end of the month of March and ends around the

end of the month of November.

350 -

200 1
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Figure 2. Climatic diagram of study area showing the humid and growing periods.

2.5.Land Use, Crop Requirements and Assessment of Land
Suitability

The land use envisaged is rain-fed cultivation of Egusi melon by smallholders. The

suitability of the land was assessed using land evaluation tables proposed by Sys et
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al. [25] for the needs of watermelon, which belongs to the same family ( Cucurbi-
taceae) and genus ( Citrullus) as Egusi melon, given that the specific needs of Egusi
melon are unavailable. A parametric method [25] [26] was used to classify soil
suitability into four categories: highly suitable (S1), moderately suitable (S2), mar-
ginally suitable (S3) and unsuitable (N) (Table 2). In this parametric method
(Equation (2)), the soil and climate characteristics are defined using different

scores [25]

I:AX\/%X%X%-”% (2)
where I is the specified index and A, B, C, D, E, etc. are the different scores as-
signed to each parameter making up the crop requirements, with A corresponding
to the lowest score. The climatic characteristics are corrected as follows:

if CI < 25, then CCI =1.6xCI; (3)

if 25 < CI < 92.5, then CCI =16.67 + 0.9xCI ; (4)

where, CI = climatic index and CCI = corrected climatic index.

If the climatic value is less than 25, for example, the correction is done using
Equation (3). If the value is between 25 and 92.5, correction is done using Equa-
tion (4). If the value is 92.5, no correction is required. Land indices, on the other
hand, are obtained based on Equation (2), and are corrected using Table 3 [27].
The values obtained after correction are used to determine a soil’s capability.
These corrections increase the accuracy of evaluation indices and better reflect
soil and environmental conditions. The climatic characteristics considered in this
study are rainfall, temperature and relative humidity, while the soil characteristics
are topography (slope), moisture (flooding and drainage), soil physical character-
istics (texture, percentage of volume of gravel content and soil depth), soil fertility
characteristics (CEC, base saturation, organic carbon content, soil reaction), sa-

linity (electrical conductivity) and alkalinity (exchangeable sodium percent).

Table 2. Qualitative land suitability classes for the different land indices.

Land index Definition Symbol
90 - 100 Very suitable without limitation S1-0
85-90 Very well suited with slight limitations S1-0/1
75 - 85 Very well suited with slight limitations S1-1
60 - 75 Very able to moderately able S1-1/S2
50 - 60 Moderately able S2
40 - 50 Moderately to marginally fit S2/83
25-40 Marginally fit S3
15-25 Marginally fit to unfit S3/N
0-15 Unfit N
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Table 3. Classification of critical fertility levels in soils for organic carbon (OC), total nitrogen (N), available phosphorous (P), cation

exchange capacity (CEC), base saturation (BS), exchangeable base cations and soil reaction.

Soil properties

OC (%)

Total N (%)
CEC (cmol(+)-kg™)
BS (%)

Ca?* (cmol(+)-kg™!)
Mg?* (cmol(+)-kg™)
K* (cmol(+)-kg™)
Na** (cmol(+)-kg ™)

P (mgkg™)

C/N

p Hivater

EC (dS'm™)

Very low
<04
<0.05

<6

<2
<0.5
<0.1
<0.1

<7

Very acidic

Acidic

<4 4.0-53

Non - saline

<2

Critical fertility level

Low
0.4-1.0

0.05 - 0.125

<10

Moderately
acidic

53-6.0

Slightly
saline

2-4

Medium
1.0-1.8
0.125 - 0.225
12 -25
41 - 60
5-10
1.5-3.0
0.3-0.6
0.3-0.7
16 - 46
Medium
10- 14

Slightly
acidic

6.0-7.0

Moderately
saline

4-8

High Very high
1.8-3.0 >3.0
0.225 - 0.30 >0.30
25-40 >40
61-80 81 -100
10-20 >20
3.0-8.0 >8.0
0.6-1.2 >1.2
0.7-2.0 >2.0
>46 -
Bad Very poor
14 - 20 >20
Moderﬁiil:y alka- Alkaline
7.0-8.5 >8.5
Very Extremely
saline saline
8-16 >16

By determining the land index and using the guidelines defined by Sys et al

[28], the qualitative land suitability classes (Table 2) and the factors limiting plant

growth in the different soil series for the crop were determined. Critical values for

nutrients and soil fertility parameters are presented in Table 4 [29]-[31].

Table 4. Corrected land index values according to class.

Ability class Land index (LI) Corrected land index (CLI)
S1 75 75 + 0.625 (LI-60)
S2 50-75 50 + 0.410 (LI-24)
S3 25 - 50 25 + 0.455 (LI-5)
N1 15-25 LI
N2 0-15 LI
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2.6. Statistical Analysis

Descriptive statistics (mean values, standard error of means, and coefficient of var-
iation) was performed on soil properties. Coefficient of variation (CV %) was used

to examine the variability of soil properties and was calculated using Equation (5);

cv(%):%xmo (5)

where; SD = standard deviation, x = arithmetic mean of soil property.

Soil properties having CV values < 15% were grouped as least variable, those
with CV values between 15% and 35% were grouped as moderately variable and
those with CV > 35% indicated high variability [32]. Statistical analysis was facil-
itated using Microsoft Excel 2016 and SPSS (Version 20).

3. Results and Discussion
3.1. Morphological and Physical Properties

The morphological and physical characteristics of the studied soils are presented
in Table 5. The soils of profiles 1 and 2 are dominantly reddish, slightly red at the
surface and yellowish red in the subsurface horizons of profile 2. Profile 3 is dom-
inantly greyish, while profiles 4 and 6 are brown at the surface and red in the lower
horizons. Profile 5 is yellowish brown at the subsurface horizons and greyish black
at the surface, while profile 7 is slightly reddish at the surface and pinkish at the
bottom of the profile. Surface colour in tropical soils with high rainfall and leach-
ing is strongly linked to organic matter, while colour of subsurface horizons is
generally related to the types of minerals present in the soil [33]. The general neg-
ative depth function of organic matter in these soils is consistent with the colours.
The soils in the study area are dominated by a sub-angular blocky structure, with
the exception of unit 2, where the structure is massive in the subsurface. Unit 3
has both granular and massive structures. This reflects the parent material, and
could probably be linked to the type of alluvium deposited, and also to the abrupt
break in texture [34]. The soils in the study area are predominantly clayey in tex-
ture, with the exception of the soils in unit 3, which are predominantly sandy-clay
at the surface and linked to the parent material, which consist of fluvial deposits.

All the soils in the study area are friable when dry and hard to soft when wet.

Table 5. Morphological and physical characteristics of the studied soils.

i % Ci
. Depth Colour Consistency Porosity BD Sand Silt Clay o?rse Textural
Horizon . Structure Boundary 3 fraction
(cm) (moist) Moist Wet (%) (g/lem’) (%) (%) (%) class
>2 mm
Unit 1 (LAKPWANG)

Ap 0-18 2.5YR3/4 GR VFR SST- 57.6 1.12 37 19.5 43.5 0 C
AB 18 -35 2.5YR4/8 SB FR NST D-W 55.1 1.19 25 8.5 66.5 0 C
Bol 35-70 2.5YR5/6 SB VFI NST A 494 1.34 22 13.5 64.5 0 C
Bo2 70 - 200 2.5YR4/8 SB FI SST D-W 47.1 1.40 25 60 15 0 SL
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Continued
Unit 2 (SANAM)
Ap 0-16cm 2.5YR4/2 SB FR SST 53.8 1.22 25.5 18.5 56 0 C
Bol 16 - 63 cm 5YR6/4 MA FI SST D-1 48.8 1.36 14 15 71 0 C
Bo2 63-120cm 5YR6/6 MA FR VST C-B 51.0 1.30 11 16 73 5 C
Bo3 120-145cm 5YR6/6 MA VFR ST D-I 357 1.70 27.5 11 61.5 18 C
BC 145-200cm  5YR7/6 MA FR SST-ST D-W 61.0 1.03 26 .5 18.5 55 0 C
Unit 3 (BIABEZOCK)
AP 0-36cm 5YR3/1 GR VEFR NST 42.8 1.52 46 12.5 41.5 3 SC
AB 36 - 63 cm 5YR5/2 GR VEFR NST G-I 37.6 1.65 76.5 6.5 17 44 SL
Bw 63 -94 cm 5YR6/3 GR FR NST G-I 40.4 1.58 70 7.5 22.5 11 SCL
Btg 94 - 120 cm 5YR6/1 MA FI ST D-1 47.2 1.40 51.5 10 38.5 5.5 SC
Unit 4 (NYAMSON)
Ap 0-27 5YR6/3 SB FI ST-SST 50.6 1.31 23 10.5 66.5 0 C
Bw 27 - 65 7.5YR5/4 SB FI SST D-W 41.1 1.56 33 7.5 595 14 C
BC1 65 - 150 7.5YR6/8 SB FR NST D-W 43.5 1.50 65 9 26 4 SCL
BC2 150 - 210 2.5YR5/8 SB FR SST G-W 47.5 1.39 51.5 10 38.5 0 SC
Unit 5 (DONE IRIBOUEM)
Ap 0-28 5YR4/1 SB FI ST 529 1.25 44 14.5 41.5 0 SC
AB 28 - 67 10YR5/6 SB FR ST D-W 49.3 1.34 36.5 5 58.5 0 C
Btl 67 - 140 10YR6/6 SB FR ST A 422 1.53 35 10 55 0 C
Bt2 140 - 200 10YR5/6 SB VEFR SST A 45.4 1.45 46 4 50 0 C
Unit 6 (GOUFAN 2)
Ap 0-30 5YR5/4 SB FR ST 49.1 1.35 47.5 11 41.5 0 SC
BA 30-94 5YR5/8 GR VEFR NST A 52.8 1.25 31 11.5 57.5 2 C
Bol 94 - 152 5YR6/8 SB — GR FR NST C-B 35.5 1.71 58 11 31 23 C
Bo2 152 - 240 2.5YR5/8 SB — GR FR SST A 38.0 1.64 56.5 8.5 35 5.5 SC
Unit 7 (CAMPUS AREA)
Ap 0-27cm 5R3/1 SB FR ST 55.8 1.17 62 13 25 0 SCL
AB 27 -70 5R5/3 SB FR VST D-W 52.0 1.27 49.5 15 355 0 SC
Bo 70 - 147 5YR7/8 SB FI VST G-W 474 1.39 71 10 19 0 SL
BC 147 - 210 7.5YR/4 SB VFR NST D-1 44.7 1.46 51.5 7.5 41 0 SC

SB = Sub angular blocky, GR = Granular, SB — GR = Sub angular blocky parting to Granular, FR = Friable, FI = Firm, VFI = Very
firm, ST = Sticky, SST = Slightly sticky, NST = Non-sticky, C = Clear (2 - 5 cm), G = Gradual (5 - 15 cm), D = Diffuse (>15 cm), S
= Smooth, W = Wavy, I = Irregular, A = Abrupt. NB: FI = fine (for structure) and firm (for consistence). Source: FAO [20].
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Table 6. Chemical characteristics of the representative soil profiles in the study area.

Exchangeable base cations Ca*/  SEB CEC
Horizon/ OC Total N P Bray II (cmol(+)-kg™) pH7 BS ESP EC
Hyeter pH: ApH C/N Mg* 1
Depth Pl PHra ApH o0 g CN - o/kg) g/ (emol o1 (%) (%) (dSm)

+ + + + ko !
Na Mg? Ca? K (+)kg )(+)-kg“)

Profile 1
Ap (0-18) 4.6 4.4 -0.2 1.18 0.14 8.40 3.89 0.38 0.15 2.64 2.96 49/44/6  6.13 30.40 20.17 0.51 0.08
AB(18 - 35) 4.6 4.3 -0.3 0.86 0.07 12.32 2.60 0.64 0.36 3.12 4.16 53/39/8 8.28 27.20 30.43 1.31 0.02
Bo: (35 - 70) 4.8 4.4 -0.4 0.71 0.06 11.20 3.48 1.14 0.42 3.76 5.04 51/38/11 10.37 32.00 32.40 1.32 0.02

Bo: (70 - 200) 4.9 4.7 -0.2 0.55 0.06 9.23 1.84 2.53 0.56 6.16 3.36  28/51/21 12.61 25.60 49.26 2.18 0.02

Profile 2

Ap (0 - 16) 4.9 4.7 -0.2 1.33 0.07  19.05 3.48 0.38 0.36 4.08 528  54/42/4 10.09 28 36.05 1.27 0.04

Bol (16 - 63) 5.8 5 -0.8 1.02  0.067 1533 1.84 2.98 0.09 2.16 5.84 53/20/27 11.06 21.6 51.21 0.40 0.02
Bo2 (63 - 120) 5.8 5 -0.8 1.02  0.098 10.40 1.84 0.22 0.36 4.56 4.80 50/48/2 9.93 176  56.44 2.02 0.02
Bw (120 - 145) 6 5.2 -0.8 094 0.081 11.69 1.31 1.04 0.56 3.44 6.00 57/33/10 11.04 152 72.60 3.68 0.02

BC (145 - 200) 6 53 -0.7 086 0.109 7.95 3.48 0.30 0.49 4.00 6.24  59/38/3 11.03 18.4 593  2.67 0.02

Profile 3
Ap (0 - 36) 6.2 4.8 -1.4 1.33 0.112 11.90 3.36 0.55 0.49 2.40 4.16 59/34/8  7.60 16.4 46.35 3.00 0.03
AB (36 - 63) 6 4.5 -1.5 1.10 0.07 15.69 7.70 0.46 0.49 3.44 7.92 67/29/4 12.31 17.44 70.60 2.82 0.03
Bw (63 - 94) 6.2 4.9 -1.3 0.63 0.116 5.43 10.80 1.60 0.63 5.04 10.00 60/30/10 17.27 2240 77.10 2.80 0.02

Btg (94 - 120) 4.8 4.3 -0.5 0.47 0.053 8.96 10.74 3.95 0.83 9.68 11.44 46/39/16 25.90 46.80 5535 1.77 0.02

Profile 4
Ap (0-27) 6.4 5.1 -1.3 1.02 0.081 12.67 8.05 2.11 0.63 4.47 11.20 63/25/12 18.42 28.32  65.04 221 0.04
Bw (27 - 65) 6.3 5.3 -1 0.86 0.053 16.43 8.87 0.83 0.15 4.64 9.6 64/31/6 15.23 39.84 3822 0.39 0.04
BC1 (65 - 150) 6.8 5.8 -1 0.63 0.06 10.55 6.99 0.73 0.15 0.64 4.72  78/11/12 6.25 37.6 16.62 0.41 0.03
BC2 (150 - 210) 6.9 6 -0.9 0.55 0.056 9.80 6.47 0.64 0.29 2.88 7.44  68/26/6 11.25 35.2 31.96 0.82 0.03
Profile 5
Ap (0 - 28) 6.3 53 -1 298 0.084 3548 9.39 0.30 0.05 5.04 0.64 11/84/5 593 38.72 1531 0.13 0.09
AB(28 - 67) 5.9 52 -0.7 1.65 0.07  23.53 11.21 0.83 0.22 4.48 10 65/29/5 15.53 30.8 5043 0.72 0.04

Btl (67 - 140) 5.9 52 -0.7 149 0.063 23.63 7.58 1.04 0.15 2.64 8.4 70/22/9 12.23 26.08 4690 0.59 0.02

Bt2 (140 - 200) 6.1 5.7 -0.4 1.33  0.054 14.21 7.93 1.73 0.36 0.72 12.72  84/5/11 15.52 28 55.44 1.27 0.02
Profile 6

Ap (0 - 30) 6.3 5.6 -0.7 227  0.117 19.46 5.59 1.04 0.15 0.24 1.84 59/8/33  3.27 33.6 9.73  0.46 0.06

BA (30 - 94) 54 4.9 -0.5 1.18 0.067 17.51 9.39 0.73 0.09 1.84 392 60/28/11 6.58 38.4 17.14  0.22 0.02

Bol (94 - 152) 5.8 5.6 -0.2 1.02  0.064 16.01 8.46 0.38 0.15 1.28 3.6 68/24/7  5.41 344 15.73  0.45 0.02

Bo2 (152 - 240)

(=)}

5.7 -0.3 1.02  0.067 15.33 8.98 0.73 0.02 0.16 4.16  82/3/14 5.07 33.2 15.28 0.06 0.03
Profile 7

Ap (0-27) 7.3 6.8 -0.5 3.29 0.14  23.53 10.92 0.64 0.02 4.48 9.76  66/30/4 14.90 28.8 51.73 0.07 0.19

AB (27 - 70) 7.1 6.2 -0.5 1.88 0.126 14.94 9.86 0.55 0.02 1.12 8.4 83/11/5 10.09 348 2899 0.05 0.05

Bo (70 - 147) 7.1 6.1 -1 1.33  0.102 13.14 8.28 0.30 0.02 1.2 6.8 82/14/4 831 24 34.64 0.08 0.03

CB (147 -210) 6.6 5.4 -1.2 102 0.039 2648 10.98 0.30 0.02 3.12 6.06  64/33/3 9.51 33.6 2832 0.06 0.03

OC = Organic carbon, C/N = carbon to nitrogen ratio, SEB = Sum of exchangeable base cations, CEC = Cation exchange capacity,
BS = Base saturation, ESP = Exchangeable sodium percent, EC = Electrical conductivity.
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Table 7. Descriptive statistics selected soil properties for the various soils studied.

P Bray K CEC

OC Total N I Na* Mg* Ca* SEB H7 BS ESP EC Sand Silt Clay
Sites PHuwier pHza C/N P
% mg/kg (cmol(+)-kg™) % dS-m™ %

Mean 4.72 4.45 0.83 0.08 10.29 2.95 1.17 0.37 3.92 3.88 9.35 28.8 33.07 1.33 0.04 27.25 25.38 47.38

Profil 1 (+SE) £0.07 +0.09 +0.13 +0.02 *+090 +046 +0.48 +0.09 *+0.78 +046 +139 +146 +6.03 +0.34 +0.02 +333 +11.76 +11.98
CV% 3.175 3.892 32.532 46.815 17.429 31.036 81.74 45736 39.853 23.719 29.738 10.14 36.46 51.28 85.714 24.41 92.68 50.57
Mean 5.7 5.04 1.03 0.09 12.88 2.39 0.98 0.37 3.65 5.63 10.63 20.16 44.45 2.01 0.02 20.9 15.8 63.3

Profil 2 (+SE) +£0.20 +0.10 +0.08 +0.01 *+1.95 +046 *0.52 +0.08 +0.41 +026 *+0.25 +221 +11.3 +056 *+0.00 +348 +1.38 +3.73
CV% 8.04 4.568 17.241 21.291 33.82 42.606 118.12 48.29 25.272 10.37 5352 24,53 56.7 62.818 37.268 37.19 19.58 13.19

Mean 5.8 4.63 0.88 0.09 10.49 8.15 1.64 0.61 5.14 8.38 15.77 25.76  62.35 2.6 0.03 61 9.13 29.88

Profil 3 (+SE) +0.33 +0.14 +020 +0.02 +2.18 +1.75 +0.81 +0.08 *+161 +158 +391 +713 +7.02 +028 +0.01 +728 +134 +598
CV % 11.609 5.954 45.395 35485 41.52 43.02 99.06 26.366 62.56 37.74 49.61 5539 22,5 21.52 23.094 23.88 29.465 40.06

Mean 6.6 5.55 0.77 0.06 12.36 7.60 1.08 0.30 3.16 8.24 12.79 3524 37.96 0.96 0.04 43.13 9.25 47.62

Profil 4 (#SE) +£0.14 +0.21 +0.11 +0.01 +149 +0.53 +035 *£0.11 +0.93 +1.40 +2.63 +249 +10.10 £0.43 +0.00 +9.38 +0.66 +9.35
CV% 446 7.573 28.087 20.26 24.04 14.149 64.287 74.261 58.784 34.068 41.08 14.15 53.23 89.63 16.496 43.51 14.301 39.25

Mean 6.05 5.35 1.86 0.07 24.21 9.03 0.98 0.20 3.22 7.94 1230 309 42.02 0.68 0.04 40.38 838 51.25

Profil 5 (#SE) £0.09 +0.12 +038 +0.01 +436 +0.82 +030 *+0.07 +0.98 +259 +226 +278 +9.07 +0.24 +0.02 +272 +243 =+3.69
CV% 3.165 4.449 40.61 18.685 3599 18.308 60.704 66.798 60.768 65.28 36.77 18 43.19 69.25 77.742 13.47 5796 14.39

Mean 5.86 5.45 1.37 0.08 17.08  8.11 0.72 0.10 0.88 3.38 5.08 34.9 14.47  0.30 0.03  48.25 10.5  41.25

Profil 6 (£#SE) £0.19 +0.19 +030 +0.01 +092 +0.86 +0.14 +0.03 +041 +053 +0.69 +1.19 +163 +0.1 +001 +620 +0.68 +5.83
CV% 6.425 6.783 43939 32431 10.72 21.213 37.457 60.338 93.01 31.124 26.966 6.84 22.51 6497 58245 25.7 12.895 28.28

Mean 7.03 6.13 1.88 0.10 19.52  10.01 0.45 0.02 2.48 7.76 10.70 30.3 3592 0.07 0.08 58.5 11.38  30.13

Profil 7 (#SE) £0.15 +0.29 +0.50 +0.02 +3.24 +0.63 +0.09 +0 *+081 +£083 +145 +247 £546 +0.01 =004 £499 +1.65 =498
CV% 4.251 9.367 53.459 43911 3322 12.616 38.936 0 65.424 21.346 27.05 16.29 30.39 19.861 102.99 17.05 29.02 33.04

SE: Standard error of means.

3.2. Soil Chemical Properties

3.2.1. Soil Reaction

The pH values observed in the various study sites are presented in Table 6. Soils
of unit 1 are acidic, while in unit 2, acidity varies from acidic to moderately acidic.
In both units, there is a general decrease in acidity with depth. This decrease in
pH with depth, especially in tropical soils where heavy rains obtain is mainly due
to leaching of bases [35]. Acidity in soils of unit 3 varies from slightly acidic in the
surface horizons to acidic in the subsurface horizons, while those in unit 4 are
slightly acidic. The decrease in pH in these soils may be related to the accumula-
tion of organic acids in deeper horizons through leaching [36]. In units 5 and 6,
the soils are generally slightly acidic throughout the profiles. Unit 7 has a basic
character (slightly alkaline) in the upper parts of the profile and slightly acidic in
the lower parts of the profile. This degree of alkalinity in soils of unit 7 may be
attributed to the recurrent practice of bush burning in the area, a farming practice
that releases ash, capable of raising the pH [37] [38]. The coefficient of variation
(Table 7) indicates that for all soils, pH is least variable, ranging between 3.17 and
11.61 %. This low variability in pH of the soils is influenced by factors of soil for-

DOI: 10.4236/0jss.2025.153010

209 Open Journal of Soil Science


https://doi.org/10.4236/ojss.2025.153010

K. J.J. Dzokou et al.

mation, and land management [39]. As pH is a good indicator of soil quality, in-
fluencing the availability and uptake of nutrients in crops such as Egusi melon,

proper management of soil acidity is necessary despite the low variability.

3.2.2. Organic Carbon

Unit 1 has a medium organic carbon content and is of very good quality at the
surface. The OC content is generally low and of average quality in the lower parts
of the profile. In unit 2, OC content generally varies from low to medium with a
general decrease with depth. The quality of the OM in this profile has an inverse
depth function. The soils in units 3 and 4 have a low to medium OC content of
poor quality at the surface horizons and good quality at the subsurface horizons.
Units 5, 6 and 7 have medium to high levels of OC with concentrations generally
decreasing with depth. In the latter three soils, the organic matter is of very poor
quality. Generally, organic matter decreases with depth as would be expected,
linked to the presence of dense vegetation at the surface and the accumulation of
organic matter from plant litter [40]. The high variability (CV = 17.24% - 45.40%)
of the OM quality observed in the soils corroborates with the variety of vegetation

and microorganisms observed in the studied soils [41].

3.2.3. Total Nitrogen

Apart from profiles 1 and 7 where total nitrogen concentrations are relatively
higher, all the soils generally have low nitrogen concentrations, which decrease
with depth. This low level of nitrogen in the soils may be related to leaching by
rainwater [42], given the heavy rainfalls usually recorded in the study area. The
correlation tables (Table S1 to Table S7) show both positive and negative, signif-
icant to highly significant correlations between total nitrogen and other soil phys-
ical and chemical properties, indicating that several parameters can be explana-
tory of soil nitrogen availability. In Unit 1, there exists a positive and significant
correlation between sand and nitrogen (R = 0.98), indicating that the presence of
sand in the soil could affect the availability of nitrogen to plants. In Unit 3, the
positive and highly significant correlation between total nitrogen and potential
acidity (R = 0.99), indicates that the two are linked by biogeochemical processes,
such as nitrogen mineralization, which can be linked to certain types of soil mi-

croorganisms available with a pH that favours their development.

3.2.4. Available Phosphorus

Soils in units 1 and 2 have very low concentrations of phosphorus (<7 ppm). Soils
in units 3 and 6 have P concentrations that vary from low to very low with a gen-
eral increase with depth. The increase in phosphorus with depth may be linked to
less leaching, as the deeper soil horizons are less subject to leaching than the upper
layers, which allows a slightly greater retention of phosphorus at depth [43]. In
unit 4, the trend is the reverse of the two previous units, with phosphorus levels
decreasing with depth, from low to very low. The soils in units 5 and 7, on the

other hand, have low levels throughout the soil profile. The low to very low P levels
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with negative depth functions in these soils may be linked to phosphorus sorption.
Highly weathered soils may contain clay minerals such as iron and aluminium
oxides, which have a strong capacity to fix phosphorus and make it unavailable
[43]. Average phosphorus levels in Bafia soils ranged from 2.39 + 0.46 ppm to
10.01 £ 0.63 ppm (Table 7). This shows the low to very low level of phosphorus,
which is a constraint for the production of Egusi melon. Low phosphorus levels
lead to a delay in flowering, a significant reduction in above-ground biomass (up
to 71%) and root biomass (up to 68%), and a reduction in leaf number and plant
size [41]. Phosphorus deficiency also limits interaction with other nutrients, es-
sential for crops, which can lead to a drastic drop in yields [44] [45]. Table S1 to
Table S7 show a positive and significant correlation between phosphorus and cal-

cium (R = 0.98), and between phosphorus and base saturation (R = 0.98).

3.2.5. Electrical Conductivity

The soils in the study area are generally non-saline (<2 dSm™) (Table 4). This is
probably due to the leaching of salts into the lower horizons as a result of the heavy
rainfall in the study area.

3.2.6. Cation Exchange Capacity

Cation exchange capacity is high (25 - 40 cmol (+) kg™) in the soils of units 1, 4,
5, 6 and 7. This may be linked to the accumulation of organic matter in these soils,
the clay minerals being essentially low CEC clays [46]. In unit 2, the CEC is aver-
age, varying between 15.2 and 28 cmol (+) kg™, while CEC unit 3 are average at
the surface and very high at the subsurface horizons. The nature of the parent
materials, which are alluvial deposits and clay content of the soils could be con-
tributing factors for this observation [47]. Leaching of bases down the lower ho-

rizons is a possibility [48].

3.2.7. Exchangeable Base Cations

The presence of cations in the soil is generally linked to parent materials and or-
ganic matter. Table 5 indicates that calcium concentration in units 1, 2, 3 and 5
increases slightly with depth, from low (6 - 12 cmol (+) kg™) high. This can be
explained by the accumulation of calcium down the profiles, and by several factors
such as pH, organic matter and soil mineralogy [48]. The presence and distribu-
tion of these cations in the soil can have an impact on the growth of Egusi melon.
It is important to ensure that the soil contains adequate levels of these cations,
particularly calcium, which plays a crucial role in plant nutrient uptake and overall
growth [49]. Based on the cationic balance ratio Ca/Mg/K, necessary for optimum
absorption, which is 76% for calcium, 18% for magnesium and 6% for potassium
[50], there is a pronounced imbalance in calcium in units 1, 3 and 4. In units 2
and 5, there is an imbalance in potassium, magnesium and calcium throughout
the soil profiles. Unit 6 is characterized by an imbalance in calcium in all horizons,
as well as an imbalance in magnesium in the subsurface horizons. In Unit 7, there

is an imbalance in magnesium and potassium.
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3.3. Soil Classification

Based on soil morphological and physico-chemical properties, and taking into ac-
count procedures for naming soils using Reference Soil Groups, principal and
supplementary qualifiers [51], three reference soil groups were identified and clas-
sified as follows; Profiles 1, 2, 6 and 7 were classified as Haplic Ferralsol (Epic,
Ochric, Orthodystric), Haplic Ferralsol (Epic, Ochric, Orthodystric), Gleyic Fer-
ralsol (Dystric, Endic, Profundihumic) and Chromic Ferralsol (Arenic, Endic,
Profundihumic) respectively. Profiles 3 and 4 were classified as Eutric Amphiflu-
vic Stagnic Protogleyic Cambisols (Humic) and Rhodic Cambisols (Clayic), re-
spectively. Profile 5, was classified as a Rhodic Acrisol (Clayic, Endic, Humic).

3.4. Land Evaluation

The climatic indices (Table 8) indicate that the suitability class for climatic pa-
rameters for the three possible growing seasons in the study area is the same (52,
¢, with a moderate limitation due to relative humidity). Based on climatic charac-
teristics, Bafia is moderately suitable for growing Egusi melons. Firstly, the iden-
tification of a medium suitability class for climate (class S2) is in line with studies
that recognise the importance of climatic parameters such as rainfall and relative
humidity for the cultivation of crops [52] [53]. For example, drought has been
identified as a major factor affecting agricultural productivity in Africa [53]. In
the case of Bafia, moderate limitations due to relative humidity could negatively
affect crops during certain periods, but could be managed via irrigation systems
or adapted agricultural practices. Soil evaluation shows that the soils in units 1
and 2 are currently unsuitable with very severe but correctable limitations. The
soils of units 3, 4, 5 and 6 have marginal suitability, while soils in unit 7 have me-
dium suitability. The different constraints for each unit are presented in Table 9.
It can be observed (Table 9) that 42.9%, 28.6%, 71.4% and 14.3% of the land in
the study area is limited by the physical characteristics of the soil (s), topography
(t), fertility characteristics (f) and moisture (w), respectively. More specifically,
these limitations are related to slope, soil texture, pH, flooding, base saturation,
organic matter and gravel. Variations in soil suitability between different units
could result in common challenges by farmers in areas with heterogeneity in soils
and climate. To cope with such variability, practices need to be adapted to ensure
stable yields [54]. The presence of correctable limitations suggests that soil man-
agement strategies could be put in place to improve soil suitability, such as fertility
enhancement or anti-erosion measures. The specific constraints cited, such as
slope, soil texture, flooding, etc., are well documented in studies as factors influ-
encing agricultural production [52] [55]. Soil texture, for example, affects water
retention and nutrient availability, while steep slopes can increase the risk of ero-
sion. For this reason, organic matter needs to be added to increase the structural
stability of the soil in order to resist erosion and ensure good water retention. Or-
ganic matter could also raise the pH, thereby reducing acidity. Biochars derived

from animal manure and grass, for example, are used to increase soil N, P, K, Ca,
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Mg and S content [56] [57]. In addition, the use of mineral fertilisers can help in
increasing soil fertility levels for melon crops [58]. As strategies that should be
implemented to help small-scale farmers in Bafia cope with the Egusi melon pro-
duction constraints in future, the following are suggested: Adoption of sustainable
practices, such as crop rotation and the use of improved seeds, to optimize yields.
Rotating crops helps in breaking pest and disease cycles, improving soil health,
and increasing nutrient availability. Associating or rotating Egusi melon with leg-
umes can be particularly beneficial as they fix nitrogen in the soil. Using high
quality, disease-resistant seeds can significantly enhance yields. Improved seeds
are necessary for better germination rates, growth, and resistance to pests and dis-
eases. Combining biological, cropping, and chemical practices to manage pests
can reduce the reliance on chemical pesticides and promote a healthier ecosystem
[59]. Fertility trials that can inform on optimal fertilizer rates for Egusi melon

production are also to be considered as a perspective.

Table 8. Land suitability evaluation for Egusi melon cultivation in the various study sites.

Site
NYAMSON2 DONE IRI- CAMPUS
P LAKPWA ANAM BIABEZOCK FAN 2
arameters WAN SAN OC LABLE BOUEM GOUFAN AREA
\Y% PV \Y% PV \% PV \Y% PV v PV \Y% PV \% PV
Climate
Ato] 503 95 503 95 503 95 503 95 503 95 503 95 503 95
Precipitation
JutoS 590.58 96 590.58 96 590.58 96  590.58 96 590.58 96 590.58 96 590.58 96
of GP (mm)
StoN 547 100 547 100 547 100 547 100 547 100 547 100 547 100
Ato] 25 98 25 98 25 98 25 98 25 98 25 98 25 98
Mean
temperature JutoS 24.04 95 24.04 95 24.04 95 24.04 95 24.04 95 24.04 95 24.04 95
of GP (°C)
StoN 24 95 24 95 24 95 24 95 24 95 24 95 24 95
Ato] 86 70 86 70 86 70 86 70 86 70 86 70 86 70
Relative hu-
midity of GP JutoS 87.75 66 87.75 66 87.75 66 87.75 66 87.75 66 87.75 66 87.75 66
(%)
StoN 86 70 86 70 86 70 86 70 86 70 86 70 86 70
CIAto] 67.54 67.54 67.54 67.54 67.54 67.54 67.54
ClJuto S 63.03 63.03 63.03 63.03 63.03 63.03 63.03
CIStoN 68.22 68.22 68.22 68.22 68.22 68.22 68.22
Topography (t)
Slope 8% 85 22.67 5047 1% 98.75 1% 98.75 1% 98.75 1% 98.75 1% 98.75
Humidity (w)
Flooding FO 100 FO 100 F1 60 FO 100 FO 100 FO 100 FO 100
Drainage Good 100 Good 100 Moderate 95 Good 100 Good 100 Good 100  Good 100
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Continued
Physical characteristics of soil (s)
Texture/Structure C 85 C 60 SC 95 C 60 SC 95 SC 95 SCL 95
Percentage of soil
coarse fraction (%) 0 100 0 100 0 100 39.9 55.1 14 85.83 2 96.67 0 100
Soil depth (cm) 200 100 200 100 120 89 200 100 200 100 240 100 210 100
CaCO; 0 100 0 100 0 100 0 100 0 100 0 100 0 100
Gypsum 0 100 0 100 0 100 0 100 0 100 0 100 0 100
Soil fertility characteristics (f)
Apparent CEC
(Cmol(+)Kg-" clay) 51.23 100 36 100 37.9 100 41.8 100 76 100 70 100 92.9 100
Base saturation (%) 2427 67 43.12 90.41 46.35 9256 624 100 17.7 60 9.73 60 49.5 94.67
SEB 7 100 10.55 100 7.6 100 18.1 100 6.6 100 3.27 81.16 14.42 100
Organic carbon 1.06 76 1.18 84 1.33 86.63 1 72.5 2.9 100 2.27 100 3.15 100
PHuater 4.6 40 5.3 52 6.2 97 6.4 99 6.3 98 6.3 98 7.3 90
Salinity and sodicity (n)
EC (dS'm™) 0.056 100 0.03 99.95 0.03 99.95 0.04 99.95 0.09 99.85 0.06 99.9 0.18 99.7
ESP (%) 0.83 99 0.9 99.43 3 98.13 2.03 98.73 0.17 99.89 0.46 99.71 0.07 99.96
Corrected LIAto] 19.83 20.13 40.18 36.07 42.63 41.74 64.87
Corrected LI Juto S 19.17 19.44 39.58 35.62 41.95 41.10 63.23
Corrected LI S to N 19.94 20.23 40.27 36.14 42.73 41.84 65.12

A = April, ] = June, Ju = July, S = September, N = November, V = value, PV = parametric value, GP = growing period, CI = climatic
index, C = Clay, SC = sandy clay SCL = sandy clay loam, LI = land index, CEC = cation exchange capacity, SEB = sum of exchange-
able bases ESP = exchangeable sodium, EC = electrical conductivity.

Table 9. Constraints and potential yields of Egusi melon in the study sites.

Unit Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7
Class Nlgt,s, f Nlgt,s, f S3c,w S3¢,s, f S3¢ f S3¢,f S2 ¢
Potential yields 15% - 25% 15% - 25% 25% - 50% 25% - 50% 25% - 50% 25% - 50% 50% - 75%

4. Conclusion

The aim of this study was to determine the suitability of soils for growing Egusi
melon in the Bafia locality. The physical and morphological characteristics of
these soils are highly variable, with low to very low levels of phosphorus in all soils.
The climate of Bafia has marginal suitability (S2c) class with moderate limitations
due to relative humidity for the production of Egusi melon (Citrullus mucoso-

spermus). The final assessment of the land in Bafia shows, on the one hand, cur-
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rent unsuitability, but with a potential suitability, (N1/c, t, s, f) and (N1/c, t, s, f),
for units 1 and 2 respectively, with very severe but correctable limitations; mar-
ginal suitability, with severe limitations (S3/c, w,), (S3¢,s,f ), (S3/c, s, ) and (S3/c,
s, f) for units 3, 5 and 6, respectively. The main constraints to production include
both climate (ie. relative humidity), and pedological factors; topography (slope),
humidity (flooding), soil physical characteristics (texture, coarse elements and soil
depth) and fertility characteristics (base saturation, organic carbon, sum of ex-

changeable bases and pH) in the Bafia district.
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Supplementary Materials

Table S1. Correlation matrix between soil characteristics in unit 1.

pHuweer pHka  OC T‘I’:al Mg* Ca* CEC  BS  Sand  Silt  Cly T ?;ay
PHwater
pHka  0.834
OoC -0.874 -0.617
Total N —-0.647 -0.274 0.925
Mg 0.91 0.926 -0.859 -0.61
Ca?* 0.184 -0.385 -0.415 -0.664 —0.092
CECpH7 -0.243 -0.527 0.435 0.331 -0.617  0.429
BS 0.871 0.818 -0.932 -0.757 0.973* 0.058 —-0.666
Sand -0.576 -0.13 0.86 0.983* -0.477 -0.791 0.165 -0.635
Silt 0.757 0.988* —-0.572 -0.234 0.912 -0.479 -0.637 0.81 -0.074
Clay -0.583 -0.934 0.323 -0.043 -0.762 0.69 0.579 -0.619 -0.205 -0.961*
P BrayII -0.554 -0.627 0.767 0.673 -0.814  0.091 0.911 -0.891 0.529 -0.686  0.526
*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-tailed).
Table S2. Correlation matrix between soil characteristics in unit 2.
PHwater pHza oC T(I):;al P ]i; & Mg (;Iis Sand Silt Clay BS Ca?*
PHwater
pHka 0.924*
OoC —0.979** —0.973**
Total N 0.528 0.654 -0.633
PBrayII -0.524 -0.23 0.344 0.229
Mg?* -0.213 -0.077 0.143 0.621 0.372
CECpH7 -0.927* -0.85 0.882* -0.557 0.626 -0.037
Sand -0.119  0.226 0 0.061 0.418 0.133 0.058
Silt -0.502 -0.337 0.358 0.27 0.904* 0.393 0.63 -0.006
Clay 0.297 -0.086 -0.133 -0.157 -0.724 -0.27 -0.287 -0.929* -0.365
BS 0.119 -0.147  0.073 -0.481 -0.896* -0.239 -0.319 -0.299 -0.85 0.593
Ca?* 0.478 0.672 -0.566  0.091 0.094 -0.503 -0.279  0.607 -0.195 -0.493 -0.317

*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-tailed).
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Table S3. Correlation matrix between soil characteristics in unit 3.

Total

P Bray

CEC

PHuwater pHra OoC N I Mg* Ca? pH7 BS Sand Silt Clay
PHwater
pHxa 0.863
OoC 0.66 0.35
Total N 0.83 0.992%*  0.379
P BrayII -0.499 -0.309 -0.944 -0.377
Mg** -0.926 -0.666 -0.891 -0.655 0.751
Ca?* -0.656 -0.471 -0.963* -0.524 0.981* 0.855
CECpH7 -0.964* -0.709 -0.806 -0.679 0.627 0.985* 0.755
BS 0.288 0.216 -0.368  0.096 0.636  —-0.025 0497 -0.193
Sand 0.347 0.083 -0.097 -0.04 0.419 -0.208  0.302 -0.351 0.925
Silt -0.129  0.084 0.306 0.208 -0.602 -0.025 -0.509 0.123 -0.934 -0.972*
Clay -0.393 -0.12 0.049 0.002 -0.374 0.259 -0.253  0.399 -0.916 —-0.999** 0.959*
*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-tailed).
Table S4. Correlation matrix between soil characteristics in unit 4.
pHuweer pHka  OC T‘I’:al P ]i ;a" K+ Mg g‘; BS Sand  Silt  Clay
PHwater
pHka  0.943
OoC -0.901 -0.993**
Total N  —-0.295 -0.595 0.68
P Bray II -0.982* -0.872  0.809 0.126
K+ -0.544 -0.786  0.853 0.956* 0.384
Mg** -0.789 -0.733  0.731 0.259 0.722 0.514
CECpH7 0.105 0.403 -0.509 -0.936 0.083 -0.877 -0.295
BS -0.648 -0.796  0.852 0.77 0.496 0.903 0.812 -0.782
Sand 0.842 0.88 -0.897 -0.541 -0.739 -0.758 -0.946 0.513 -0.936
Silt 0.385 0.09 0.029 0.706 -0.552  0.539 -0.072 -0.875 0.427 -0.089
Clay -0.718 -0.445 0.347 —0.452 0.82 -0.182  0.581 0.565 0.07 -0.416 -0.854

*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-tailed).
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Table S5. Correlation matrix between soil characteristics in unit 5.

Total P Bray . - ,. CEC .
N I K Mg Ca pH7 Sand  Silt Clay BS

PHwate pHxa oC

PHwater

pHxa 0.366

OoC 0.784 -0.286

Total N 0.516 -0.581 0.932
PBrayIl -0.078 -0.434 0.284 0.522

K+ -0.35 0.733 -0.856 -0.978* -0.506

Mg 0.203 -0.764 0.746 0.936 0.721 -0.960*

Ca?* -0.66 0.448 -0.962* -0.924 -0.158 0.898 -0.753
CECpH7 0.797 -0.168 0.959* 0.898 0.463 -0.786 0.74 -0.848

Sand 0.824 0.818 0.315 -0.008 -0.205 0.208 -0.289 -0.119 0.422

Silt 0.565 -0.454 0.843 0.783 -0.112 -0.794 0.593 -0.952* 0.655 0.024

Clay -0.979* -0.304 -0.787 -0.51 0.225 0.369 -0.177 0.714 -0.743 -0.753 -0.676

BS -0.767 0.312 -0.986* -0.904 -0.146 0.846 —0.698 .988* —0.899 -0.271 -0.919 0.804

*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-tailed).

Table S6. Correlation matrix between soil characteristics in unit 6.

OC  Total P Bray . ” ,. CEC ‘
% N m X Mg G 4, BS Sand St Cly

pHuwater pHxal

pHwater

pHra  0.824

oC 0.667  0.149
Total N 0.743 0.249  0.994**
PBrayIl -0.82 -0.426 -0.945 -0.963*

K+ 0.517 -0.02 0.823 0.824 -0.65

Mg2+ -0.915 -0.82 -0.437 -0.529 0.558 -0.511

Ca? -0.697 -0.257 -0.966* —0.964* 0.982* —0.651 0.399
CECpH7 -0.884 -0.990** -0.247 -0.347 0.496 -0.118 0.89 0.326

BS -0.888 -0.495 -0.933 -0.965* 0.982* -0.725 0.69 0.939  0.579

Sand 0.582 0938 -0.165 -0.07 -0.15 -0.363 -0.595 0.011 -0.882 -0.194

Silt -0.359 -0.599 0.32 0.227 -0.221 -0.018 0.686 -0.393 0.619 -0.052 -0.581

Clay -0.577 -0.928 0.138 0.048 0.185 0.388 0.553 0.034 0.866 0.212 -0.996** 0.501

*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-tailed).
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Table S7. Correlation matrix between soil characteristics in unit 7.

pHwaew pHra OC T‘I’:al Pl:;ay + Mg*  Ca* ;:E(; BS Sand St Clay

pHwater

pHra  0.968*

OC 0791 0919

Total N 0.975* 0951 0.8
PBrayll -0268 —-0.026 0368 ~—0.178

K* 0719 0828 0913 0816 0.412

Mg®* 0055 0292 0608 0014 0791 0.401

Ca® 0842 0932 0964* 0894 0277 0974° 0.406
CECpH7 -0441 -0343 -0 -0237 0.645 0238 0044 0013

BS 0712 0835 0897 0624 0248 0639 0712 0763 —0.445

Sand 047 0376 0.136 0268 -0.632 —0.203 —-0.026 0.023 —0.999** 0.474

silt 0765 0741 0.641 0.888 -0.036 0.845 -0.149 0.822 0199 0294 —0.172

Clay 0725 —-0.622 —-0349 —-0563 0.645 -0.077 0.075 -0296 0935 -0573 —-0.945 —0.159

*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-tailed).
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