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Abstract
Nine soil samples collected at Nanga Eboko and Bertoua (Cameroon) were subjected to physicochemical
and fertility status studies.  The analyses required for this aim were carried out at the International
Institute of  Tropical Agriculture (IITA). Grain size analysis was assessed using Robinson’s pipette method,
and Structural Stability Index (SSI) was calculated using Pieri’s formula. The chemical parameters studied
were determined by specific evaluation methods dedicated to each parameter. The results show that
sand is the most important granular family. Soil structural stability is average at Bertoua, with a low risk
of degradation (7 Â SSI d” 9), while soils at Nanga Eboko are subject to degradation (SSIÂ 5). Nutrients
such as organic matter (OM), total nitrogen (TN) and organic carbon (C) have reached standard levels
in Bertoua, whereas values for these parameters are low in Nanga Eboko. All samples have an acid pH
(pHH”6) with acceptable levels of exchangeable bases (Ca2+, Mg2+, Na+) except for K+, which is
low at both sites (Â0.04 cmol/kg). Cation exchange capacity (CEC) values are also within the standard
range (10-25 cmol/kg) at both sites. Assessment of  fertility status revealed that soils of  Nanga Eboko
have a very low fertility level, while Bertoua soils may have a low or medium fertility level.
Keywords: fertility, pH, structural stability, exchangeable bases, cation balance.

Résumé
Neuf échantillons de sol prélevés à Nanga Eboko et Bertoua (Cameroun) ont fait l’objet d’études physico-
chimiques et de l’état de leur fertilité. Les analyses nécessaires ont été effectuées à l’Institut International
d’Agriculture Tropicale (IITA). L’analyse granulométrique a été évaluée par la méthode de la pipette de
Robinson, et l’indice de stabilité structurelle (ISS) a été calculé à l’aide de la formule de Pieri. Les
paramètres chimiques étudiés ont été déterminés par des méthodes d’évaluation spécifiques à chaque
paramètre. Les résultats montrent que le sable est la famille granulaire la plus importante. La stabilité
structurale des sols est moyenne à Bertoua, avec un faible risque de dégradation (7 Â SSI d” 9), tandis
que les sols de Nanga Eboko sont sujets à la dégradation (SSIÂ 5). Les éléments nutritifs tels que la
matière organique (MO), l’azote total (AT) et le carbone organique (C) ont atteint des niveaux standards
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à Bertoua, alors que les valeurs de ces paramètres sont faibles à Nanga Eboko. Tous les échantillons ont
un pH acide (pHH”6) avec des niveaux acceptables de bases échangeables (Ca2+, Mg2+, Na+) sauf pour
K+, qui  a une teneur  faible dans les deux sites (Â0,04 cmol/kg). Les valeurs de la capacité d’échange
cationique (CEC) se situent également dans la fourchette admise (10-25 cmol/kg) sur les deux sites.
L’évaluation de l’état de fertilité a révélé que les sols de Nanga Eboko ont un niveau de fertilité très
faible, tandis que les sols de Bertoua ont un niveau de fertilité faible ou moyen.
Mots clés : fertilité, pH, stabilité structurale, bases échangeables, équilibre cationique

 1.0 INTRODUCTION
Planet Earth is currently facing a food shortage
due to a strong demographic explosion. It is
essential to feed humanity, because in some places,
people are suffering from famine.  This reality
compels us to turn to agriculture, which appears
to be a promising sector for meeting humanity’s
food needs. With this in mind, there is a need to
encourage an explosion in agricultural practices.
Knowledge of soil properties is a prerequisite to
support this approach. For this reason, researchers
around the world have taken an interest in
agronomy. (Mulumba and Lal, 2008; Dumanski
and Pieri, 1992)

In Cameroon, research regarding soil fertility and

cropland management has also intensified.  A

number of studies have focused on the description

of soil profiles, providing a better understanding

of  soil structure. (K amgang K abeyene, 1998;

Nyeck et al., 1999; Samba et al., 2020). Other

research has focused on soil properties in relation

to fertility and cultivation practices. (Azinwi et al.

, 2018 ; Azinwi et al., 2020 ; Lotse Tedontssah et

al., 2022 ; Temgoua et al., 2014; Tsozué et al.,

2016 ; Nguemezi et al., 2019 ; Yemefack et al.,

2016 ; Tematio, 2005 ; Tematio et al., 2011). This

research has considered multiple amendments

when soil fertility is poor (Nkouathio et al., 2004).

The aim is to achieve good agricultural yields. Very

often, however, this aim comes up against a

number of limitations linked either to the intrinsic

properties of the soil, or to the plant material used,

or to the uncontrolled use of fertilizers, which can

have unfortunate consequences for consumer

health and the environment. For this purpose, it
is advisable, in any agricultural project, to
consider at the same time the assessment of soil
fertility, cultivation skills and environmental
preservation.
The present work is a contribution to the
understanding of the physicochemical properties
of unused soils from two sites in Cameroon, in
order to assess their fertility status.

 2.0 STUDY AREA AND METHODS
2.1 Study Area

The samples used for this study come from two
regions of Cameroon, namely the East (Bertoua)
and Centre (Nanga Eboko) regions. In the Central
region at Nanga - Eboko, samples were taken
from the Etog Nang site. The study area is located
between latitudes 04°37' and 04°53' north and
longitude 12°20' and 12°33' east, covering an
area of  around 720 km2. In Bertoua’s eastern
region, the samples were collected in  localities
of Bertoua 1, Doume and Diang from latitudes
4°18’0 ‘’ to 4°42’0'’N and longitudes 13°18’0'’
to 13°42’0'’E respectively, at an average  altitude
of 673m above sea level.

The study areas are both subject to a transitional
equatorial climate with 4 seasons unevenly
distributed throughout the year (Suchel, 1987).
A short rainy season which runs from mid March
to mid-June, a short dry season from July to
August, a long rainy season from August to mid-
November and a long dry season from mid-
November to mid-March.
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The geological formations in the study area all
belong to the ancient basement which occupies
three quarters (3/4) of Cameroon (Gazel and
Gérard, 1954). This basement belongs to the
Central African Pan-African chain (Nzenti et al.,
2001; Toteu et al., 2004), more precisely in the
Central Cameroon domain crossed by the Sanaga
fault (Ganwa et al., 2016). It is presented by
granites and metamorphic rocks, approximately
2.2 to 1.9 Ga in age (Li et al., 2017). The soil at
Nanga Eboko develops on amphibolite while that
at Bertoua develops on granite (Fig.1). Granite
formations cover the entire study area. The
granite facies represented is a calc-alkaline biotite
granite (Ganwa et al., 2016). Its petrographic
composition includes quartz, K-feldspar,
plagioclase, biotite and, secondarily, apatite (Li
et al., 2017). The granite in the region is derived
from palaeopetroterozoic magmatic activity that
resumed during the Pan-African orogeny (Nzenti
et al., 2001). In addition, amphibolites can be
seen in the southeastern and the northeastern
ends of the study area. They are fairly common
in the study area, but do not form large masses.
Quartz veins are common in the Nanga-Eboko
amphibolite outcrops and are sometimes thicker
than the amphibolites (Martin, 1966). The
amphibolites in the study area are greenish-grey
to black. They have a foliation characterised by
metric bands of amphiboles and millimetre to
centimetre beds of quartz on a macroscopic scale.
Microscopically, the amphibolite is
holomelanocratic and has a grano to
nematoblastic texture. It consists mainly of green
hornblende, garnet, quartz and opaque minerals.
The protolith is basalt (Owona et al., 2013).

Three classes of soils derived from the basement
formations are found in the study area, namely:
undeveloped soils, ferrallitic soils and
hydromorphic soils (Martin, 1966).  The soil
samples used in this study were taken from
ferrallitic soils which are dominant at the sampling

sites. These soils generally have three levels:
alterite at the base of  the profile, intermediate
nodular horizons and superficial clay horizons
(Martin, 1966). Soils derived from the alteration
of amphibolites are thinner, dark red (10R 3/3)
to red (10R 3/6) and clayey to clayey-gravelly.
Unweathered quartz fragments are abundant in the
weathering material. Soils developed on granite
are fairly thick, grey brown (10YR 3/2) to ochre
(5YR 4/6 to 5YR 5/8) and sandy clay.

2.2 Methods
Soil samples were collected in nine wells at a
depth of 50 cm using hand tools in the Etoug nang
savannah at Nanga Eboko( four samples) and in
the Ndoumbi rainforest at Bertoua( five samples)
(Fig.1). The samples were then packed into
labelled plastic sampling bags. Once packaged, the
samples were transported to International
Institute of  Tropical Agriculture of  Yaoundé
laboratory for analysis of physico-chemical
parameters enabling soil fertility to be studied.
Physicochemical analysis consisted in determining
the particle size, using the international method
of  Robinson pipette. The textural diagram (FAO-
ISRIC, 2020) constructed from the particle size
data allows to define the different textural classes
of  the samples. The structural stability index (SSI),
which is a physical parameter that determines the
degree of erodibility of a soil, was evaluated using
the Pieri equation (1), as follows (Pieri, 1992):

Where, OC is the soil Organic Carbon content; S
is the silt fraction and Cl is the clay fraction. The
interpretation of this parameter shows that for: a
SSI >9% indicates stable structural soil; 7% <
SSI > 9% indicates low risk of  structural
degradation; 5% < SSI >7% indicates high risk
of  degradation, and SSI < 5% indicates structurally
degraded soil.
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Figure 1: Geology of  study area, Asaah et al., 2015 (a): sampling maps; Bertoua site (b); Nanga
Eboko site (c)

The chemical elements determined were: organic
carbon, using the Walkley and Black (1934)
method; total nitrogen, using the Kjeldahl
method; pH-water, using a pH meter with (1/
2.5) as the soil-water ratio; total phosphorus,
using the Bray1 method; Cation exchange capacity
(CEC), by extraction with 10% KCl followed by
distillation using the Kjeldahl method and
exchangeable cations (Ca, Mg and K), by Atomic
Absorption Spectrophotometry (AAS). Some
cationic balances were established (Dabin, 1961;
Martin, 1979; Nyeck et al., 1989). These balances
make it possible to study fertility scales and
highlight the impact of the content of one cation
on the absorption of the other(s) using binary

diagrams (K/Mg; Ca/Mg), the influence of pH
on nitrogen nutrition (N/pH) or triangular diagram
(Ca/Mg/Ca).
The chemical fertility classes and corresponding
criteria for soil fertility were used to identify soil
fertility levels (Tab.1). There are four levels of
classification. Class I indicates high fertility level:
soils are in this class when the characteristics have
no or only slight limitations. Class II corresponds
to medium fertility level: soils are in this class
when the characteristics have no more than 3
moderate limitations, possibly combined with
slight limitations. Class III is regarding low fertility
level: soils in this class have more than 3 moderate
limitations associated with a single severe
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limitation and Class IV defines very low fertility level: soils in this class have more than one severe
limitation.

Table 1:  Criteria for soil fertility (Amonmidé et al., 2019)

OM : organic matter ;  Pass : assimilable phosphorus ; V : saturation rate ; T : sum of  bases ; N : nitrogen ;
K+ : potassium ion ; CEC : cation exchange capacity

3.0 Results
3.1. Physicochemical properties
The results of grain size analysis (sand, clay and
silt) are recorded in Table 2, Sand proportion
remains most abundant with respective averages
of 56.484% and 55.15% in Bertoua (B1, B2, B3,
and B4) and Nnanga Eboko (N1, N2, N3, and
N4) soils. Clay contents are average for both soil
groups at Bertoua (35.532%) and Nanga Ebogo
(35.375%). Silt percentages are low at both
Bertoua (7,984%) and Nanga Eboko (9,475%).
Plotting the soil samples in the textural digram
(Fig.2) enabled to identify the texture of  each soil
sample.  The textural diagram shows that Bertoua

soils have either a sandy clay texture (B1, B2 and
B5) or a sandy clay loam texture (B3 and B4).
Soils at Nanga Eboko have a clay texture (N1
and N2), a sandy clay loam texture (N3) and a
loamy sand texture (N4). SSI values show a
variation from 7.24 to 14.89% with an average
of 9.606% in Bertoua corresponding to soils that
aren’t structurally degradable or present a low risk
of  degradation. While in Nanga Eboko, the result
runs from 0.37 to 1.20% with an average of  0.785
indicating structurally degraded soils.
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Chemical analysis allowed the assessment of some
parameters (Organic matter, Organic Carbon,
Nitrogen, C/N ratio, Total Phosphorus). Organic
matter (OM) plays an important role in soil fertility
as it is the source of mineral-producing litter after
decomposition.  Table 4 shows that the average
organic matter content of the samples is 4.672%
for Bertoua soils, this value drops to 0.4275 for
Nanga Eboko soil samples.  The results obtained
for the Bertoua soil group are execllent as the
standard value indicates a range oscillating

between 2- 3% while the OM content is very low
compared to the norm corroborating those
obtained by Amonmidé et al., (2019). The
evolution of organic carbon (C) is similar to that
of organic matter, with an average of 50.254%
above the reference range of 0.5-3% in Bertoua
soil samples, compared with a very low value
(0.2%) for Nanga Eboko soils. N levels show a
similar evolution in comparison to OM and C.
The average obtained in soils Bertoua is 0.208%,
compared with 0.0% for Nanga Eboko soils.
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Comparing these values with the reference
interval of  0.1-0.15, it appears that the average
N fertility of Bertoua soils is very good, whereas
it is very poor for Nanga Eboko soils. The C/N
ratio, which is used to assess the mineralization
rate, also shows that this parameter is moving in
the right direction for the Bertoua soils (10.98%),
with reference to the standard (9-11%), whereas
the C/N ratio is below this standard at Nanga
Eboko (3.01%). Total phosphorus (TP) levels
show no particular influence, since the averages
obtained in the two soil groups are almost
identical (372.72 mg/kg in Bertoua and 315.51
mg/kg in Nanga Eboko) and close to the average
(450 mg/kg). The samples studied reflect a soil
water pH ranging from 4.75 to 8.38 with an
average of 6.44 for Bertoua soils and from 6.27
to 8.07 with an average of 7.275 for Nanga
Eboko soils (Tab.3). Table 3 shows also the cation
exchange capacity values of the samples that

range from 6.83 to 18.70 cmol/kg with an average
of  11.20 cmol/kg.  According to the Table 3, Mg2+

contents range from 0.57 to 1.37 cmol/kg, with
an average of 1.012 cmol/kg for Bertoua soils,
whereas these contents range from 0.86 to 1.22
cmol/kg, with an average of  1.0625 cmol/kg.  Ca2+

content range from 1.63 to 21.59 cmol/kg, with
an average of  7.73 cmol/kg for Bertoua soils. While
for Nanga Eboko soils, content fall but remain
within the admissible range, varying from 0.76 to
8.71 cmol/kg with an average of 3.6075 cmol/
kg. K+ values range from 0.11 to 0.25 cmol/kg,
with an average of 0.158 cmol/kg in Bertoua, and
from 0.04 - 1.57 cmol/kg, with an average of
0.4525 cmol/kg in Nanga Eboko. Na+ content
ranges from 0.01 to 0.02 cmol/kg, with an average
of 0.014 cmol/kg in Bertoua, and from 0 to 0.058
cmol/kg, with an average of 0.037 cmol/kg in
Nanga Eboko.
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Figure 2 : Sampling map

Figure 3 shows that, in most soil samples from
Nanga-Eboko and Bertoua, the Ca-Mg
equilibrium is respected, except for N3 (deficient
in Mg) and B4 or N4 (excess in Ca). The Mg/K
ratio values found are not ideal for all samples
taken with the exception of  N4 (Fig.3). The
optimum Ca/Mg/K K ternary diagram revealed
that, samples examined cluster around the ideal

point, with the exception of samples B3 and N3
(Fig.3).The results obtained are very similar to
those reported by Samba et al. (2020), who
examined the fertility of alluvium in the Nyong
valley, and those of  Nguemezi et al., (2020), who
studied the fertility of  soils in the Tombel region
from Cameroon.

Figure 3: Graphs of some cationic balances: a) K-Mg equilibrium; b) Ca-Mg
equilibrium; c) Ca-Mg-K equilibrium
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3.2 Fertility status
The evaluation of the physico-chemical
parameters of soil samples enables the deduction
of  their fertility status. Soil fertility status is related
to degree of  fertility, level of  fertility, fertility
classes and limitations.  The results obtained (Tab.
4) show that samples B3, B4 and B5 present a

single limitation corresponding to classes II and III
indicating a medium to low degree of  fertility.
Other soil samples present more than one
limitation, including at least one severe limitation
corresponding to class IV that reflects a very low
degree of  fertility.

4.0. DISCUSSION
4.1. Physicochemical properties
The results of grain size analysis  are in agreement
with those reported in the work of Lotse
Tedontsaah et al., (2022); Tsozue et al., (2016);
Tsozue et al., (2019). The distribution of  the three
granular families (sand, clay, silt) is consistent with
the plutonic and massive natures of the parent
rock and the weathering processes. These elements
come from plutonic rocks (granite and
amphibolite) made of by quartz, micas and
plagioclase. Quartz alters to form sand, while clay
and silt come from the alteration of micas and
plagioclases (Ndjigui, 2008). In relation to soil
fertility, the results obtained are at odds with the
textural balance established by Antoine (2006);
Baize and Jabiol (2011), namely 15-25% clay; 30-
35% silt and 40-50% sand.  However, the samples
analyzed show high proportions of sand with very
low percentages of silt, with quantities of clays
varying greatly from one sample to another. The
soil texture may play an important role known as
soil signature. This is due to the fact that it is

difficult to be altered in the short run by types of
land use or soil management (Nguemesi et al., 2020;
Lotse Tedontsaah et al., 2022). The results of  SSI
parameter are at odds with the work of Nguemesi
et al., (2020), regarding volcanic soils in
southwestern Cameroon. The level of OM has a
direct influence on the bioavailability of elements
such as organic carbon (C), nitrogen (N) and total
phosphorus (TP), depending on the quantity of  OM
and its mineralization process (Samba et al. , 2020).
The level of OM also has a direct influence on CEC
through humus- clay-complex (Tsozué et al., 2019;
Yemefack et al., 2004). The results of  organic
Carbon and C/N ratio establish the similarity with
those reported by Forster (1972); Samba et al.,
(2020) and Amonmidé et al., (2019). pH parameter
has a direct influence on soil fertility. When pH is
low, it induces toxicity, and when it is high, the
availability of certain nutrients such as iron and
manganese decreases. When it is close to neutral,
all soil elements can be assimilated (Dabin, 1961;
Kamgang Kabeyene, 1998; Meyim-Dayambo,
2000; Samba et al., 2020). The pH values obtained
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are in line with work carried out on ferralitic
soils and associated terrains with a pH below 7
(Tsozoué et al. , 2011; Azimwi Tamfuh et al. ,
2018; Nguemesi et al. , 2020; Lotse Tedontsah
et al. , 2022). On the other hand, in volcanic
soils, the pH rises to the basic range, enabling
good soil fertility to be achieved (Tematio et al.,
2004). What’s more, an examination of  soil
fertility, highlighting pH and nitrogen, reveals
that only samples B3, B4 and B5 show good
fertility (Fig. 4). Regarding the reference interval,
10 < CEC <25 (Amonmidé et al., 2019), the
results reflect a good soil cation balance. The
low values of the S/T saturation rate provide a
better understanding of  CEC behavior. The
saturation rate values are significant (S/T>
10%) compared with the reference interval (60%
<S/T <80%)  (Nkouathio et al., 2007; Samba
et al., 2020). The results obtained are in
accordance with most fertility studies carried out
in acid soil (Tsozoué et al., 2011; Azimwi
Tamfuh et al., 2018; Nguemesi et al., 2020;
Lotse Tedontsah et al., 2022). Exchangeable
bases (Mg2+, Ca2+, K+ and Na+) are a source
of  nourishment for plants and perform a variety
of specific functions during their development.
Cationic reference values vary from one cation
to another: Mg2+ from 1 to 1.5 cmol/kg; K+ from

0.2 to 0.4 cmol/kg Ca2+ from 2.3 to 3.5 cmol/kg
and Na+ from 0.3 to 0.7 cmol/kg (Nkouathio et
al., 2007; Amonmidé et al., 2019). When soil is
acidic, these elements are not bioavailable, as they
are strongly retained by the clay-humus complex.
The results obtained are similar to those of
authors who have examined the fertility of soils
with several limitations (Tsozué et al., 2011;
Azimwi Tamfuh et al., 2018; Amonmidé et al.,
2019; Samba et al., 2020).
The assessment of some cationic balance allowed
to study Ca / Mg equilibrium that is used to
examine the possibility of optimum plant uptake
of the Ca2+ ion in the presence of Mg2+ and vice
versa (Boyer, 1982). The imbalance appears in
case of excessive or deficient levels of either of
the cations within the reference interval (1 Â Ca
/ Mg Â 5). These results of Ca / Mg balance are
in disagreement with the work of Nguemezi et
al., (2020), who reported a Ca/Mg ionic imbalance
in most Tombel soils. The Ca / Mg equilibrium
and the optimum Ca/Mg/K K ternary diagram
are in line with the results obtained by Samba et
al., (2020), who examined the fertility of alluvial
deposits in the Nyong valley, and those of
Nguemezi et al. (2020), who studied the fertility
of  soils in the Tombel region.

Figure 4:  Graph of N-pH equilibrium
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4.2. Fertility status
The results allow to understand that, the fertility
status of soil results from a combination of
interdependent physical and chemical fertility
factors (Dabin, 1961; 1961) including the
geological nature of soil.  These results are similar
to those obtained by Amonmidé et al., (2019)
following the evaluation of soils under cotton
cultivation in Benin. Since the nine samples
studied come from ferralitic soil, the results
obtained are in line witth conclusion drawn by
some authors indicating that ferralitic soil present
a low level of fertility and more than one limitation
(Tsozué et al., 2011; Azimwi Tamfuh et al., 2018).
In contrast, fertility status of some areas as
volcanic terrains or valleys reflect good level of
fertility without more than one limitation (Lotse
Tedontsah et al., 2022).

5.0 CONCLUSIONS
This study aimed to characterize some physical
and chemical properties of soil samples taken in
Bertoua and Nanga Eboko, in order to highlight
their fertility status. At the end of  this research,
the main conclusion reached indicates very low
degree of  fertility (class IV) in Nanga Eboko.
However, in Bertoua, fertility levels are
sometimes medium to low (classes II to III). To
obtain good agricultural yields on these soils,
physical and chemical amendments and a
preliminary study of cultural aptitudes should be
considered.
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