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Abstract

Ngong is a famous groundnut (Arachis hypogaea L.) producing locality in Cameroon, contributing to the supply of
local markets and neighboring countries. Official figures showed gradual yield decrease over recent years, attri -
butable to various factors, with poor soil conditions among the most acute. However, missing information on soil
quality and fertility status in these areas is jeopardizing efforts of improving agricultural productivity. This study
aimed to assess the soil fertility status in the groundnut production basin of Ngong. Three main ground-nut
production areas (Douka-longo, Tamoundél, and Sabongari) of the basin were selected and twenty-three topsoil
samples (0 — 30 cm) collected. Soil fertility attributes (index of structural stability (ISS), index of soil sealing (IB),
Forestier index (IF), aluminium toxicity (m) and Soil Quality Index (SQI)) were assessed. The studied sites were
effectively poor in soil fertility, having very low values of N, P, K, S, and cation exchange capacity (CEC). These
soils are under high risk of degradation because of the low soil aggregate stability (ISS < 9%) and fertility (IF <
1.5) indexes. The SQI ranged from 0 to 0.4 indicative of poor fertility with degraded soil condition. The main
factors controlling soil quality include Ca, pH, organic matter (OM), available P, total Nitrogen and CEC. Long-
term maintenance of soil quality requires better integrated soil fertility management practices. Optimal soil
nutrients management system such as the application of organo-mineral amendments rich in N P, K, Ca and Mg
to promote plant root establishment, which will also improve the soil structure should be considered to enhance
the soil fertility status along with the inclusion of good cultivars for yield improvement.
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Introduction of mineral and/or organic constituents (Gobat et al.,
2003). Soil components are the result of the
Soil is the essential primary resource for agriculture and transformation of the underlying parent rock, under
the natural surface of the earth, differentiated into diffe- the influence of vatious physical, chemical, and
rent layers (pedological horizons), with a losle structure biological processes (Demolon, 1932). The physico-
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cotton, and millet), livestock (cattle, poultry) and
chemical properties of soils are subjected to decay
over time due to several factors. The common factors
of soil degradation and decline fertility are climate,
anarchic land use practices and the lack of accurate
data to support sustainable soil management (Barbier
et al., 2003; Partey et al., 2011). Studies carried out by
many authors on the assessment of soil fertility in the
North of Cameroon (Mathurin et al., 2003; Olina
Bassala et al.,, 2008; Roland, 1986) highlighted the
decline in soil nitrogen content and the insufficiency
of available phosphorus, to which other elements are
added (Amani et al., 2022). Despite these studies,
there is still a lack of accurate soil information about
the quality of soil to sustain sustainable agricultural
production initiatives at local level. Knowledge of soil
quality and fertility in this region is essential for
sustainable agricultural production. For example, the
spatial distribution of soil types and/or soil parame-
ters and soil fertility is an indispensable first step in
obtaining reliable baseline data to facilitate all subse-
quent agricultural productivity breakthroughs. A pro-
ductive and sustainable agricultural system is funda-
mental to the well-being of the country (SDN 30,
2020). Declining soil fertility necessarily leads to lower
crop yields as reported for groundnut production in
Cameroon. Groundnut (Arachishypogaca 1.) 1is an
important source of lipids, proteins and minerals in
human and animal diets. The grain contains on
average 45-50% fat, 25-30% protein, 5-12% carbo-
hydrate and 3% fibre (Griel et al., 2004). They are
mainly processed into several by-products (flour,
peanut butter, hulled peanuts, salted peanuts, etc.)
which are very important for human consumption.
(Hubert, 2010).In addition to its importance in human
and animal nutrition, groundnut is also used in the
soap industry and medicine. Furthermore, groundnut
is a leguminous plant, with capacity of enrichment of
the soil with nitrogen through biological nitrogen
fixation (Kamdem et al., 2020, Nanganoa et al., 2019).
It can be used as a green manure in agriculture
(Aguieb and Messai, 2015). In Cameroon, groundnuts
is produced in all regions and used as a cash crop as
well as a subsistence food crop by smallholder far-
mers (Seraphin et al, 2015). However, like many
other crops, it is subjected to a number of constraints
such as increasingly irregular rainfall, lack of financial
resources, access to land and declining soil fertility
(Aguieb and Messai, 2015; Hamasselbé, 2008;
Mathurin et al., 2003). The 2017 official statistics
report from the National Statistics Institute of Came-

roon (INS) has reported a gradual yield decrease over
recent years, which could be attributable to the
factors above, with poor soil conditions among the
most acute. Groundnut production in Cameroon can
be increased to satisfy demand for this crop through
knowledge of soil quality and fertility. The objective
of this study is to assess the quality and state of soil
fertility in the agricultural production areas of Ngong
in order to identify the most important factors that
influence agricultural production.

Materials and Methods

Study area

The study area is in the municipality of Ngong. It
extended between latitudes 9°00' and 9°10" N and
Longitudes 13°30' and 13°45' E (Fig. 1C). The area is
in the Benoue plain, where groundnut production is
commonly practiced in rainfed condition by local far-
mers. The climate is tropical of the Sudano-Sahelian
type, characterized by mono-modal rainfall varying
between 800 mm and 1300 mm annually (Nguemhe
Fils. et al., 2014).This climate is characterized by two
seasons: a dry season lasting seven months (Novem-
ber-May) and a rainy season lasting five months
(June-October) (Offossou, 2011). Temperatures vary
according to the seasons, with an annual average of
28 °C, and the maximum ranging from 40 to 45 °C in
April (Offossou, 2011). The vegetation of the study
area is a shrubby Sudanian savannah with the appe-
arance of clear and degraded savannah around the
villages, with a higher density around the hunting
zone (Offossou, 2011). The study atea is crossed by a
few watercourses, the most important being the
Mayo-Douka.

Soils and pedogenic substrates

The geological formation covering about 95% of the
territory is the Garoua sandstone (Cretaceous). All
these sandstones are intercluded in some places by
volcanic formations which are the trachyte (Schwo-
erer, 1965). The study area is surrounded by lowlands
with specific soil characteristics (Brabant and Hum-
bel, 1974). According to the IUSS WRB2022 and De
Pauw, 2019 studies, the main soil groups identified are
Lixisol (40%) and Arenosol (30%y). The remaining
30% are stagnosols, gleysols, fluvisols, leptosols and
plinthosols (Fig. 1C). It should be noted that these are
young soils that are still in the process of formation;
the diversity of soils here can be explained by parent
rock, altitude and climate. Agriculture (groundnuts,
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Figure 1. Localization of the study area (A: map of Cameroon in Africa; B: Main production basin of groundnut in Cameroon; C: Study

sites). (Source Poggio et al,, 2021 modified)

small trade are the main livelihoods of the popu-
lations. Study area includes three (03) sites in the
municipality, well known for their high implication on
groundnut production namely: Douka-longo, Sabon-
gari and Tamoundé. In those sites, groundnut culti-
vation is semi-mechanized. Ploughing is performed by
oxen on which disc ploughs are mounted.

Soil sampling and analyses

To carry out our study, a field survey for soil samples
collection was carried out. In the field, 23 soil samples
were collected at 0 — 30 cm deep with hand auger in
the groundnut production plots in the three main stu-
dy sites, and distributed as follows: Douka-Longo (7),
Sabongari (8) and Tamoundé (8). In each sampling
plot, composite disturbed samples were taken from
the surface horizon (0 — 30 cm) for physico-chemical
analysis. Composites were built out of the random
collection and mixture of five subsamples within a
plot. Undisturbed soil samples for bulk density asses-
sment were collected with cylinders at corresponding
depths. Physico-chemical analyses were carried out at

3

the Soils, Plant and Water analytical laboratory of
Institute of Agricultural Research for Development
(IRAD), Yaoundé. Soil samples were air-dried, then
crushed and sieved to 2 mm and 0.5 mm. The bulk
density was obtained from undisturbed soil samples
using the Koppeki cylinder method (Blake, 2015).
Grain size analysis was obtained by the Robinson
Khon pipette method (Beverwijk, 1967; Day, 2015).
Soil chemical analyses such as pH, total nitrogen,
organic carbon, total and available phosphorus,
exchangeable bases (Ca, Mg, K, Na), CEC, and ex-
changeable aluminium were conducted. Organic car-
bon was determined by chromic acid digestion and
spectrometric analysis (Heanes, 2008). The determi-
nation of total Nitrogen was done by the method of
Kjeldahl. The organic matter content was obtained by
multiplying the organic carbon content by the
Sprengel factor which is 1.724 for cultivated lands. .
The available phosphorus P was extracted using the
Bray II procedure and the resulting extract was
analyzed using the molybdate blue procedure as
described by (Murphy and Riley, 1962). The pH was



T.G. A. Kamden et al.

DOI: 10.6092/issn.2281-4485/20147

EQA 66 (2025): 1-17

measured on a soil-water suspension at a ratio of
1/2.5 (w/v), using a pH meter equipped with a glass
electrode. Exchangeable cations (Ca?*, Mg?", K* and
Na®) were determined by Atomic Absorption
Spectroscopy after extraction by ammonium acetate
(CH,COONH,) using percolation method at pH 7.
CEC was determined using a 1IN solution of
ammonium acetate at pH 7 following these steps:
Saturation of the complex by NH4" ion and
extraction of exchangeable bases; Leaching with
alcohol in order to eliminate saturated solution;
Transfer of NH4" ion by saturation of complex with
a solution of 1IN KCI; Titration of NH4*" after
quantitative desorption by K*.

Soil fertility assessment

The fertility status was assessed based on computed
fertility parameters using the physico-chemical pro-
perties. Physical parameters of soil fertility considered
in this study are the index of structural stability (ISS)
and the index of soil sealing (IB) while the chemical
parameters were the Forestier index (IF) and the
aluminum toxicity (m). In addition to these parame-
ters, the interactions between exchangeable bases of
the soil were depicted. These were the Ca/Mg,
K/Mg, Ca/K and (Ca+Mg)/K ratios. The equili-
brium between certain soil properties as established
by FAO (FAO, 2006) was also investigated. Our
study focused on the textural diagram, it should be
noted that groundnuts grow well on soils that are
fine-textured, loosed and permeable, preferably sandy
soils (Hachim, 2020). The Forestier index (Forestier,
1960)can be used to assess the soil nutrients contents.
Soil equilibrium such as Dabin's N-pH equili-brium
(Dabin, 1961), Martin's Ca-Mg-K equilibrium (Martin,
1979) and Ca-Mg, S/CEC-pH equilibrium have been
established. We investigated the aluminium toxicity
using the Kamprath index (m), index of struc-tural
stability (ISS) the index of structural stability al-lows
to evaluate the susceptibility of soil aggregates to
destruction when subjected to fluid action (Emerson,
1976). The formula for ISS is:

OM
L+

where, OM the organic matter content; A , the clay
fraction (%); L, the silt fraction (%). Values of ISS are
translated to soil information as follows: For a value
of ISS = 5%, the soil has a degraded structure; for
values between 5% < ISS = 7% the soil is at high risk
of degradation, for values between 7% < ISS =< 9%,

Is§ = x 100 [1]

the soil is at low risk of structural degradation, and for
values above 9% (ISS = 9%) translate a soil with a
stable structure. The soil sealing index (IB) is rela-ted
to the risk of soil to erosion, expressed as the
sensitivity to compaction. From the agronomic
standpoint, it slows down water supply and soil
respiation to the detriment of its biological life and
productivity. It is estimated using the Remy and
Marin-Lafléche formula (1974):

(15xLp) + (0.75xLg)
IB = -C 2]
(A~ 10 x OM)

where, C = 2.0 X (pH —7), Lf(%) is the fine silt;
Lg (%) the coarse silt; A(%) is the clay fraction and
OM (%) is the organic matter content.

The values of the IB greater than 1.8 reflect a soil
with a high risk of erosion. Values between 1.6 < IB
< 1.8 reflect a soil with a medium risk of erosion, and
the values between 1.4 < IB = 1.6 reflect a soil with a
low risk of erosion. For values of 1B lower than 1.4
(IB < 1.4) the soil has no risk of erosion. The
Forestier index gives information on the reserve of
exchangeable bases in the soil. It is calculated from
the formula of Forestier (1960)

52
IF= ———— 3]
A+1Y

where, S = the sum of exchangeable bases in
meq/100g of soil; A: the clay fraction; Lf: the fine silt
fraction. For values of the Forestier indices lower
than 1.5 (IF <1.5) this reflects a soil poor in nutrients.
For values above 1.5 (IF >1.5) the soil reflects a good
soil nutrient reserve. Aluminum to-xicity is defined by
the Kamprath index (Kamprath, 1970). It is calculated
from the following formula:

100
m=APtx ———m— [4]
S+ AP

Where, A" the concentration of exchangeable alu-
minum in meq/100 g of soil; S: the sum of exchan-
geable bases in meq/100 g of soil. If m < 20% the
soil does not have Aluminum toxicity. For values of
m between 20 < m (%) < 50, they reflect a soil with
high Aluminum toxicity. When the values of m are
greater than 50% (m=50%), the soil has a very high
toxicity in aluminum. In addition to these parameters,
the sum of exchangeable bases (SBE) and the cation
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exchange capacity (CEC) were considered in our
assessment. They were classified after Beernaert and
Bitondo (1992). If the values of the sum of ex-
changeable bases are SBE < 2 meq/100 g, the level is
vety low; 2 < SBE < 5 meq/100 g, the level is low; 5
< SBE < 10 meq/100 g, the level is moderate, 10 <
SBE < 15 rneq/lOO g, the level is high and if SBE
>.15 meq/100 g, the level is very high. With regard to
the cation exchange capacity, Beernaert and Bitondo,
1992 also divided CEC values into different levels: if
the CEC values are less than 5 (CEC<5 meq/100 g),
the level is very low; 5 < CEC < 10 meq/100 g low
level; 10 < CEC < 25 meq/100 g moderate level; 25
< CEC < 40 meq/100 g high level and if the values
are greater than 40 (CEC = 40 meq/100 g), the level
is very high.

Balances between soil fertility parameters

Balances were assessed between physico-chemical
properties of the soils. These are the textural class,
pH, and cation balances plotted on diagrams accor-
ding to the models used by FAO (Food and Agricul-
ture Organization of the United Nations., 2000),
Forestier (1960), Dabin (1961), and Martin and Sief-
fermann (1966). The textural diagram of FAO (2000)
indicates the different textural classes of soils. The
triangular diagram of Dabin (1961) indicates the poles
of relative richness in Ca?*, Mg?*, and K* cations and
thus gives the cationic equilibrium of the three ca-
tions. The soil pH is a measure of the concentration
of free H* protons in the soil solution; the more H*
ions there ate, the less cations (Ca?*, Mg?", K*, Na*)
there will be in the soil. The more acidic the soil is,
the less exchangeable bases it contains. The pH direc-
tly influences the chemical reactions in the soil and
the availability of nutrients in a form that can be
assimilated by plants, and indirectly influences plant
growth. Dabin's (1961) diagram defines soil fertility
with reference to soil pH and total soil nitrogen
content. Soil pH is closely related to the sum of the
bases present in the soil (Meyim, 2000). The binary
diagram of Dabin (1979) makes it possible to
highlight the antagonism or the synergy between K*
and Mg?*; regarding the two other cations, namely
Ca?" and Mg?*, a clear antagonism is noted between
the two; the presence of one favors the absorption of
the other by the roots and conversely.

Computation of soil quality index (SQI)

Calculating soil quality consists in combining the soil
properties in response to variations in soil conditions

(Brejda et al., 2000). The different steps to calculate
the SQI have been described in previous works of
Ngo-Mbogba et al.,, (2015) and Brejda et al. (2000).
Principal component analysis (PCA) is applied for
soil indicators selection. PCA is a factorial analysis in
the sense that it produces factors (or principal axes)
that are linear combinations of the original variables,
hierarchical and independent of each other (Béguin
and Pumain, 2000). It is an effective tool for summa-
rizing and interpreting large quantities of data (Guer-
rien and Marc, 2003). With reference to previous
work in Cameroon, soil indicators were selected for
this study (Brejda et al., 2000; Nyeck et al., 2018).
These ate OM, pH water, CEC, Ca, Mg, K, C/N
ratio, available P, Al and N. These dataset indicator
focused more on soil chemical parameters, as authors
such as (Yemefack et al., 2000) represented their ut-
most important influence for crops growth. Each
indicator was normalized and the SQI parameter was
calculated by the method described by Equation [5]
(Andrews et al., 2002):

SQI = Y™, WiXi [5]

where, W is the normalized indicator, X is the
indicator score, SQI is the soil quality index; i is a soil
property and n, the number of soil properties.

Soil fertility status

To assess the Soils fertility status in the study area, we
use the classification proposed by Quemada and
Cabrera (1995) and completed by Mamouda et al.
(2021) and Nguemezi et al. (2020). The criteria for the
evaluation of soil fertility classes are:

®(Class I: soil characteristics do not have or have only
weak limitations;

® Class 1II: soil characteristics do not have more than
3 moderate limitations possibly associated with low
limitations;

® Class III: soil characteristics have more than 3
moderate limitations possibly associated with a single
severe limitation

® Class IV: soil characteristics have more than one
severe limitation.

Statistical analysis

For each variable studied, the data collected were
entered in a Microsoft Excel 2013 spreadsheet. The-
se data were transferred to SPSS.26 software for
analysis of variance (ANOVA) and means were se-
parated using Tukey's post hoc test at 5% probability
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level. Statistical analyses were preceded by nor-
mality check and some data were transformed to
follow normal distribution.

Results and discussions

Summary statistics of soil variables

The statistics of the 25 soils vatiables are summa-
rized in Table 1. Most of them showed positive
skewness varying between 0.18 and 2.13, except for
pH water, Mg, C/N, IB, sand, (Ca + Mg)/K and
BD, with negative skewness varying between -1.05
and - 0.02. The kurtosis were also varying, though

Table 1. Site variability of soils properties and fertility parameters

most of the variables had slight deviation from the
normal distribution (Lix et al., 1996). Except for pH
water, C/N, sand, and BD with coefficients of
variation (CV) of 6.33%, 11.84%, 2.78% and 1.62%
respect-tively, all other variables showed high to
very high CV, which means that there is a high
variability of soil parame-ters within the groundnut
production area. This fin-ding corroborates that of
Nanganoa et al. (2020) who reported a similar
variability of those soil properties while assessing the
soil nutrients variability the area. The results of
ANOVA along with the mean separation (Turkey’s
test) are presented in Table 2.

Stats min max mean SD CV (%) Skewness Range Kurtosis
OM (%) 0.54 1.33 0.80 0.20 24.51 1.14 0.79 0.97
N (%) 0.02 0.04 0.03 0.01 28.52 0.95 0.03 -0.07
P (ppm) 0.02 4.53 1.07 1.51 141.27 1.09 4.52 -0.29
pHw 470 5.69 5.19 0.33 6.33 -0.23 0.99 -1.59
Ca (Cmol(+)/kg) 0.12 1.24 0.48 0.30 62.01 0.99 1.12 0.50
Mg (Cmol(+)/kg) 0.05 0.23 0.16 0.04 26.02 058 0.18 0.66
K (Cmol(+)/kg) 0.03 0.10 0.06 0.02 32.61 0.39 0.08 -0.12
Al (Cmol(+)/kg) 0.06 0.33 0.16 0.11 69.79 0.55 0.27 -1.63
C/N 13.44 23.11 18.63 2.21 11.84 -0.02 9.67 0.28
S (Cmol(+)/kg) 0.24 1.58 0.74 0.34 45.33 0.93 1.35 0.47
CEC (Cmol(+)/kg) 0.73 571 1.94 1.04 53.68 213 4.98 6.82
S:CEC (%) 0.08 0.89 0.44 0.20 46.43 0.62 0.81 0.12
IF (%) 0.00 0.18 0.05 0.04 89.77 1.68 0.17 3.05
ISS (%) 4.29 10.11 578 1.59 27.43 1.52 5.82 1.86
m (%) 423 48.44 20.30 16.13 79.44 0.50 44.21 -1.64
1B (%) -76.10 52.53 5.18 25.60 493.99 -1.05 128.63 3.63
Sand (%) 80.46 90.38 85.58 2.36 2.76 048 9.93 0.36
Clay (%) 5.62 10.97 7.74 1.41 18.24 0.60 5.35 -0.14
Silt (%) 3.57 9.57 6.68 1.57 23.58 0.18 6.00 032
(Ca+Mg)/K 3.39 20.97 11.52 5.55 48.18 -0.14 17.58 -1.46
BD (g.cm-3) 1.58 1.69 1.63 0.03 1.62 -0.15 0.12 0.70
K/Mg 0.19 0.72 0.39 0.15 38.06 0.97 0.53 0.37
Mg/K 1.39 5.14 2.94 1.03 34.97 0.46 375 -0.30
Ca/Mg 1.29 5.29 2.78 1.18 42.69 0.50 4.00 -0.82
SQI 0.13 0.9 0.47 0.23 0.50 0.01 1.02 0.022
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Table 2. Soils chemical characteristics of the surface layer (0—30 cm) sampled at different sites

Sites Mo % CEC 1SS IF IB-C PH P (ppm) Ca Mg K C/N
1 0.740.1>  1.6%0.7*  58+1.9*  0.03+0.01> 1234248  52+03>  098+£1.8°  04+0.1> 0.14£0.05> 00440008  19.+2.5
2094020 24160 63+1.9°  0.0240.01°  -7.1+29.8>  48+0.1c 1494204 02+0.04> 0.14+£0.02>  0.08+0.02*  18.1+2.5°
3 08+02°  22407*  53109*  0.09£0.04*  10.64204*  56x0.1*  0.76£1.2*  08£02*  0240.02°  0.06+0.006> 18.7 £1.9*

Values followed by the same letters in the same column are not statistically different (p < 0.05) according to Tukey's test. Sitel: Douka-Longo; Site2: Tamoundé;
Site3: Sabongari

Regarding the physical fertility parameters, the index
of structural stability (ISS) did not show any signify-
cant difference between the sites (Table 2). However,
those ISS values (< 9%) are indicative of a high risk
of soil degradation (Beernaert and Bitondo, 1992).
From an agronomic standpoint, the structural degra-
dation indicates a low physical fertility (Mérelle, 1998)
likely to increase the risk of soil losses with the selec-
tive removal of nutrients and fine elements (clay, silt,
organic matter, etc.) essential for soil fertility and qua-
lity (Olina Bassala et al., 2008; Quantin, 1992; Rouse
et al, 1974). A significant difference is recorded for
sand content in Tamounde and Douka-Longo, while
the soil sealing index (IB) wasn’t significantly different
in Douka-Longo and Sabongari (Table 2), with re-
spect-ive values of 12.33% and 10.54 %. Those phy-
sical soil properties settings indicate a high risk of
erosion. The cohesion of the soil particles is increased
along with their resistance to detachment, which re-
duces the intensity of erosion. However, as the phy-
sical soil characteristics contribute to the soil resistan-
ce to detachment, the drawback is that it greatly redu-
ces the rate of water infiltration and increases the rate
of runoff (Morschel and Fox, 2008). Likewise, the
driving crust of these soils might present mechanical
resistance to root growth (Fabre and Kockma, 2002;
Tremblay-Boeuf, 1995) In Tamounde, soil sealing
Index (IB) was significantly different from those of
Douka-Longo and Sabongari with an average value of
-7.1%. Consequently, this soil had no risk of erosion
(IB<1.4%). In terms of fertility, this soil is therefore
favorable to good root development (Remy and
Marin-Lafleche formula, 1974). These soils also
favored water infiltration while maintaining a good
water reserve in the soil (Morschel and Fox, 2008).

Soil organic matter (SOM) is a source of carbon for
the nutrition and proliferation of soil microorganisms
(Chaussod et al., 1986) providing a large part of the
phosphorus available for the plants (Bationo et al.,
2000). In the soils investigated, (Douka Longo -

20006). In the soils investigated, (Douka Longo -
Tamoundé -Sabongari), the organic matter contents
varies between 0.72 to 0.95%, falling within the
average value according the classification system of
the Land Evaluation (Sys et al., 1993). It should be
noted that the organic matter at Douka Longo (0.72
+ 0.14%) and Sabongari (0.7710.15%) were not
significantly different, unlike Tamounde with the
significantly highest value (0.95 * 0.21%). Similar
results have been reported by Pallo and Thiombiano
(1989) highlighting that the SOM is less than 2% in
about 70% of cases in tropical soils. The difference
in altitude and the droppings of passing cattle can
explain the difference in SOM levels between the
sites. Tamoundé is the area with the largest number
of livestock. The Forestier index (IF) varied from
0.015 to 0.087 with a mean value of 0.087 £ 0.04
(IF<1.5). Those values reflected a low nutrient
reserve and consequently a low chemical fertility
(Nyeck et al, 1993; Tematio et al., 2001). This
observation corroborated the very low reserve of
exchangeable bases (S: 0.58 £ 0.16 to 1.11 £ 0.24
meq/100g) and low CEC obsetved in all the sites.
These soils had an average bulk density of 1.60 *
0.02 gcm?. In terms of acidity, pH gives an
indication of the acidity of the different soils. The
pH influences the availability of nutrients for plants
and the biological activity of the soil (Calvet, 2003;
Davet; Pierre., 1996). The optimum pH for nutrient
availability and biological activity is between 6.5 and
7. Soil pH close to neutral is advantageous for better
root absorption of nutrients (Ognalaga et al., 2016;
Ondo, 2011). In our studied sites, the soil pHs were
acidic, which can be explained by the leaching of
cations such as calcium (Biaou et al, 2018). A
significant difference between sites was recorded (p
< 0.05). The most acidic soil was that of Tamounde
with a pH value of 4.80 + 0.09, followed by Douka-
Longo (5.18 * 0.25) and Sabongari (5.51 £ 0.08).
The same trend on soil pH variability was obtained
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by Brabant (Brabant et al., 1985) while working on
similar soils in North Cameroon.

Fertility parameters equilibriums across sites

According to the FAO textural diagram, the studied
soils had sandy (Figure 2), with a
predominance of the sand fraction of 85.5% on
average, characteristics of Arenosols as the main soil
group of the area (Tsozué et al., 2020). The silt
fraction is low with an average of 6.6%, while the
clay fraction has an average of 7.9%. Similar results
were obtained by Brabant and Humbel in 1974.
From an agronomic point of view, these soils are dry
due to the high infiltration rate, poor in nutrients
leached trough water migration. However, the
capacity of sandy soils to retain nutrients and water
can be improved by adding organic
According to Dabin's diagram in telation to the soil
pH and the total nitrogen content, three classes of
fertility were defined. Poor fertility soils were
identified in Tamounde with pH between 4.7 and
4.9. Medium fertility at Douka-Longo with pH
between 4.8 and 5.5 and good fertility soils in
Sabongari with pH between 5.4 and 5.7 (Figure 3).
The Kamprath index (m) is used to determine the
level of aluminum toxicity. Excess of aluminum
leads to a slowdown in the growth of most plant
species whose roots atrophy (Kamprath, 1970). The
results obtained from our study allowed us to define
sites with high aluminum toxicity (m > 20%) at
Tamounde (m = 38.6 £ 3.8) and those with low
aluminum toxicity (m < 20%) in Douka-Longo (m
=17.7 £ 14.9) and Sabongari (m = 6.1 = 1.2) (Table

texture

matter.

clay
Clay loam Silty clay
loam

Silt loam

clay loam

Sandy loam
Silt

&
Sand(%)

o site 1 o site 2 o site 3

Figure 2: Soils texctural class

2). This can be explained by the aluminum ions,
strongly buffering the soil pH downwards, due to
the alteration of weak aluminosilicates (Folkert van
Oort, 2022; Jean-Luc et al.,, 2022; van Oort et al,,
2022). The binary diagram of Dabin
antagonism or synergy between potassium and
magnesium in the soil (Figure 5). The K/Mg ratio is
not significantly different between Douka-Longo
and Sabongari with respective values of 0.30 £ 0.01
and 0.31 £ 0.03. These values translate a balanced
absorption of K and Mg, characterizing a positive
interaction in the studied sites (0.05 < K/Mg < 0.5).
It should be noted that, despite the balanced
absorption of the two cations, their content in the
soil is very low (K< 0.1 and Mg < 0.5). The
potassium deficiency may be due to leaching, which
is more important in sandy soils. Tamounde site
showeds a significantly higher K/Mg ratio value
(0.54 £ 0.13). This ratio value reflects a deficit of Mg
supply and excess of K uptake in Tamounde soils
with K/Mg > 0.5. It should also be noted that the
contents of the two cations (K and Mg) are very low
(K < 0.1 meq:100g and Mg < 0.5 meq:100g) (Figure
5). The low value of K and Mg may be due to
leaching, given the sandy texture of the soils along
with a low CEC and a small proportion of clay. Mg
in Tamoundé soils is likely insoluble due to
aluminum toxicity (m > 20%). Calcium, like other
positive ions (Mg and K), has the role of neutralizing
mineral and organic anions and reducing the toxicity
of certain elements (such as Aluminum) and
consolidating plant cell walls. In the absorbing
complex, Ca and Mg play plastic and physiological
roles (Demolon, 1932). However, their content is
very low in the studied soils with Ca < 2 meq: 100g
and Mg < 0.5 meq:100g. Nevertheless, the Ca/Mg
ratio reflects an absorbing equilibrium between Ca
and Mg as the respective Ca/Mg values were within
the range 1 < Ca/Mg < 5 (figure 6). The Ca/Mg
ratio shows a significant difference (P < 0.05)
between the three sites (Table 2). The content of Ca
and Mg is mainly attributed to the similarity of
parent material’s mineralogy of the sites (Chadwik
and Graham, 2000) and its low value is likely
induced by leaching and nutrients loss through
harvesting without replenishment by adequate
fertilizer application. Base saturation (S/CEC) and
pH provide precise information on the level of soil
acidification (Quemada and Cabrera, 1995). Soil pH
is closely related to the amount of bases present in
the soil (Meyim, 2000), and the balance between the

shows
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base saturation and the pH makes it feasible to spot
the influence of soil pH on the evolution of
exchangeable bases (Fig. 4). Indeed, soils in our stu-
dy area are grouped into two categories, namely:
moderately saturated soils (20 < S/CEC < 50) in
Douka-Longo and Tamoundé, and unsaturated soils
(S/CEC > 50) in Sabongati. According to Compa-
oré et al. (2011) and Rhoades et al. (1982), the criti-

cal level of P in soil is between 10 and 20 ppm.
Following this threshold, phosphorus is a deficient
nutrient in the soils investigated, as the values are
below 7 ppm, with a non-significant difference
between the three sites. Lower P value in the area y
might be due to the low soil pH which limits P
availability (Nanganoa et al., 2020) .

Figure 5. Soil K-Mg equilibrium

Soil Quality Index (SQI)

The principal component analysis (PCA) enabled us
to depict ten essential indicators (OM, pH,, P, Ca,
Mg, K, Al, C/N, CEC, and N), which were applied
to compute the SQI. The most appropriate indica-
tors of soil quality were selected by subjecting the
values of soil physicochemical properties in tablel.
The first two principal components explained about
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61.1% of the total variation (36.7% by component 1,
and 24.46% by component 2. It should be noted
that, apart from the available P, K, CEC, and C/N,
the other six indicators (Ca, Mg, N, MO, pHw and
Al) are well represented because they are closed to
the circle border (Fig. 7). There is a strong
correlation between Ca, Mg, pHw, OM, available P,
total nitrogen, and CEC (Fig. 7) which are the main
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indicators controlling soil quality in the area. The
post-hoc test identified the highest SQI at Sabongari
(0.4 £ 0.03) followed by Tamounde (0.3 £ 0.014) and
the lowest at Douka-Longo (0.25 £ 0.01). The low

PCA graph of variables

Dim 2 {24.46%)

Alf méq.100g.

o T s :
‘

1.0 05 0.0 05 1.0
Dim 1 (36.67%)

Figure 7. VVariable factor map PCA: principal component analysis;
SOI: soil quality index; OM: organic matter; C:N ratio; CEC:
Cation exchange capacity; Mg: magnesinmy; pHw: pH water; Al
Aluminium, P: phosphorous; Ca: calcinm; K: potassinm.

Table 3. Criteria for evaluation of soil fertility classes

SQI for these soils indicates poor soil fertility,
synonymous with degraded soils. This attest to the
re- sults of previous studies (Andrews et al., 2002;
Mamouda et al., 2021; Nguemezi et al., 2020; Turan
et al., 2019) reporting that soils with low SQI also
have low reserve of nutrients and poor fertility. The
groundnuts, being leguminous plants, with the
capacity to fix their own nitrogen. The groundnuts
do not require high levels of nitrogen but high
amount of available P. However, numerous studies
have shown that nitrogen application has a signifi-
cant effect, especially before nodulation (Tekulu et
al., 2020).

Soils fertility status

Statistical analysis of the fertility parameters and the
balances between parameters made it possible to
assess the current state of fertility of the studied
soils. The corresponding soils were grouped into
fertility classes according to Quemada and Cabrera
(1995) completed by Mamouda et al. (2021) and
Nguemezi et al. (2020) with the addition of
information on the soil quality index (SQI), Soil
sealing index (IB), Forestier index (IF), Solil
aggregate stability index (ISS), and the aluminum
toxicity (m). Table 3 presents the criteria for the
evaluation of soil fertility classes.

Characteristics qa.ss I Clas.s I.I . Claés IAH . Class .IV. (Vefry
(no limitations) (average limitation) (severe limitation) severe limitations)
OM (%) >1.38 0.69-1.38 - < 0.69
N (%) >0.08 0.045-0.08 0.03-0.045 <0.03
P (ppm) >20 10-20 5-10 <5
K (emol(+)/kg) >0.4 0.2-0.4 0.1-0.2 <01
S (cmol(+)/kg) >10 2-5 <2
S/CEC (%) >60 40-60 15-40 <15
CEC (cmol(t)kg) >25 10-25 5-10 <5
pHw >5.5 51-55 4.75-5.1 <475
1B <14 1.6-1.4 1.8-1.6 >1.8
IF >1.5 - <15
ISS >9 5-7 <5
m (7o) <20 20-40 40-60 >60
SQI 0.70-1.00 0.55-0.70 0.40-0.55 | 0-0.40
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The soil fertility class evaluation criteria in table 3
were used to produce table 4. The summary of soil
fertility assessment in the Ngong region is presented
in table 4. This table shows that the three sites
(Douka-Longo; Tamoundé; Sabongari) shate com-
mon limiting factors: N, P, K, S, CEC, IF, ISS, SQL
Besides these factors, pH is always the limiting factor
at site 2 (Tamound¢), which can also be explained by
the fact that Ca has the lowest value at Tamounde
than at site 1 (Douka-Longo) and site 3 (Sabongari)..
In contrast to site 1 (Douka-Longo) and site 3
(Sabongari) where IB is not a limiting factor and
belongs to class IV in table 4, IB is not a limiting
factor in site 2 (Tamoundé) class 1. The results of the
fertility assessment of the soils of Douka-Longo;
Tamounde; Sabongari all fall under the poor fertility

Table 4. Synthesis on the evalnation of soil fertility in the Ngong area

class (class IV), showing soil characteristics having
more than one severe limitation. Groundnuts are ve-
ry tolerant to soil pH; they are grown in soils with pH
of 4 to 5 (Schilling, 1991). Groundnut needs a light
porous soil that allows good aeration. Phosphorus is
the main element needed by groundnuts as it is active
during development and maturation. In view of all the
soil characteristics of the different sites, and the
specificity of groundnuts, the Tamounde site is more
suitable for groundnut cultivation, followed by
Sabongati site and finally by Douka-Longo site.
Amending the soil with organic matter, calcium and
potassium will likely contribute to promote the
availability P and Mg (Bonzi et al., 2008; Pieri and
Christian., 1992) for the plant to enhance fertility and
roots development.

e N
S1 II 1 I\Y v v v v v 1II v 1V I\Y 111 mediocre I;;’i’éi:’s(’:f QCI’
S2 II /v I\Y v v v v v 11 I Y I\Y 111 mediocre EIJ’,lI)éIS%pSI"(I:, EQCi
S3 II 1 I\Y v v v v v 1 v 1Iv. I 111 mediocre II\}IS’?I,IE“?I,:’S(,:SEQCI,
S1: Douka-Longo; S2: Tamoundé; S3: Sabongari
Addressing soil constraints for groundnut vity. Proposing solutions based on the living

production in Ngong

Soils in the studied sites had sandy texture (Figure 2),
Sandy soils do not have the capacity to hold enough
water and nutrients. The constraints to their cropping
reside in their high permeability, their low organic
matter content and their low fertility level which are
responsible for water and nutrients stresses observed
in crops (Basga and Nguetnkam, 2015). Groundnut
gives better yield when good cultivars are planted on
soils with an optimal soil nutrients management
system. If the soil is not properly maintained, they
rapidly deplete the soil nutrients reserve (Veeramani
and Subrahmaniyan, 2011). The key for optimising
groundnut production is to optimise mineral nutri-
tion. Groundnut farmers in the Ngong production
basin use very little nutrient fertiliser, resulting in
severe mineral nutrient deficiencies due to inadequate
and unbalanced nutrient use (Argaw, 2017; Cobo et
al., 2011). This nutrient imbalance is one of the main
factors responsible for low groundnut yields. Nutrient
input optimization will help to restore and increase
the soil fertility and improve the groundnut producti-
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conditions of the people, the environment and the
quality of the soil in the study area would be the more
reliable option. Nitrogen plays an indispensable role
in all cropping systems due to its benefits for various
biochemical and physiological processes in the plant
(Saghaiesh et al., 2019; Tekulu et al., 2020). Souri et al.
(2019) showed that the application of N fertilizer as
foliar or soil application has a significant impact on
the growth, yield, and quality of many crops, including
groundnut. Soil test results from the study area
showed a low level of soil nitrogen (0.02 - 0.04%).
Improving groundnut yields thus requires the addition
of nitrogen. Cow dung and crop residues (groundnut
husks, etc.) are available and can be used to produce
low-cost organic manure to increase soil nitrogen
levels, while also enhancing the soil organic matter
content. It is important to note that the application a
high dose of N manure (> 20 kg ha') inhibits the
development of nodules in leguminous plants (Prasad
et al., 2010). The results from the study area showed a
very low (0.02 to 4.5 ppm) level of soil available
phosphorus. Phosphorus plays several roles in the
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functional metabolism of plants (Saghaiesh et al,
2019). This element is also important for groundnut
crops, because it is responsible for increasing residual
soil nitrogen and is essential for healthy and efficient
root growth (Meena and Lal, 2018; Yakubu et al,
2010). It is available in local market in form of triple
or double superphosphate. Groundnut performance
has been shown to be significantly improved by
applying P at 20 - 40 kg ha'! in similar conditions in
Nigerian (Yakubu et al, 2010). Potassium is an
essential nutrient that is required by plants in
relatively high amounts (Nurzyniska-Wierdak et al.,
2012). Potassium has been shown to be a key nutrient
for growing, rooting and nodulating plants. Soil
results indicated that potassium supplementation
would be essential for groundnut crops due to
deficiency of this element. Application of organo-
mineral amendments rich in P, K, Ca, and Mg will
promote plant root establishment, improve soil
structure and consequently CEC. Groundnuts are
sensitive to salinity and not very sensitive to alkaline
soils but prefer soils with a pH close to neutral. Soils,
which are excessively acidic (pH < 5), may cause
manganese or aluminium toxicity. These acidic soils
require calcium addition to maintain a pH above 5.5.
For the Douka-Longo and Sabongari soils, mainte-
nance liming will only be necessary every 4 years to
maintain the pH. Application of lime to correct the
low soil pH of Tamounde soils should be done over
several consecutive years in small quantities and
slowly so as not to block the mineral elements
contained in the soil. Since ISS is a limiting physical
parameter of the Ngong soils and also plays an
important role in groundnut production, it is
important to make these soils stable by improving
their physical fertility using methods such as covering
the soil with crop residues in fields, use of biochar
produced from crop residues, all of which will reduce
run-off and maintain surface porosity. Possible solu-
tions for restoring low SQI include planting legumes
and incorporating woody perennials into cropping
systems (El Tahir et al., 2009; Githae et al., 2013;
Basga et al.,, 2018). The Acacia Senegal tree is a typical
tree that is adapted to sandy soils. The introduction of
this tree on farms has contributed to the restoration
of soil fertility (it reduces erosion and stabilises the
soil) and to the diversification of income sources for
farmers. In our study area, soil fertility and groundnut
production could be significantly increased by
establishing an agro-system with this type of tree
(Harmand et al., 2012; Offossou, 2011).
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Conclusions

The aim of the present study was to investigate the
soil quality and fertility
production in Ngong. Fertility attributes and the soil
quality index of three sites were considered and
assessed, to create a soil database, which supported
the soil fertility level assessment and classification,

status for groundnut

with the aim of having a sustainable and profitable
cropping system, likely to improve soil productivity,
and thus contributing to the fight against food
insecurity. Our study showed that all three sites had
poor fertility class, with only one fertility class. These
soils showed almost five minimum parameters highly
limiting for groundnut production (P, K, S, CEC, IF).
This translates into very low values of K, Ca, Mg, pH,
OM, available P, total Nitrogen, and CEC. There was
also high risk of soil degradation because their ISS <
9% and their fertility index IF < 1.5 were low, which
translates into a low reserve of soil nutrients. The
soils of the Douka-Longo and Sabongari sites were
very susceptible to threshing. Long-term maintenance
of soil chemical quality requires better management
of fertilization and amendment practices according to
land use. For sustainable land management and im-
proving groundnut productivity, the soil quality of the
different sites must be considered in order to im-
prove the state of soil fertility for good agricultural
development.
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