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ABSTRACT

Background: Soil fertility decrease is a major concern in global agriculture and particularly in tropical areas in general and
particulary in the northen part of Cameroon where the population is growing faster than the food production. Garoua 3 subdivision
is an important agricultural zone of Garoua in North region. It is intensely exploited for the production of various food products like
corns, groundnuts and many other crops. This is the main cause of the decline of soil fertility in this area. Objective:
determination of the fertility state of agricultural soils of Garoua 3 subdivision. Methods: Three villages were chosen and sixteen
samples were collected per village by using an auger, and according to the type of speculation, then physico-chemical properties of
each sample were analysed and compared with reference values of fertility. Results: pH and mineral particle size of all the
samples varies slightly (Sandy loam and pH comprise between 6,2 and 6,8) except the one of Babla 1 where texture is clayly. The
soils of Djalingo 1 and 2 and Sanguere 1 have low organic matter content (<1%) and those of Sanguere 1 and Babla 1 and 2 have
moderate and high organic matter. Available phosphorus is almost low everywhere except the soils of Babla 2 (27,76cmol/Kg) and
Sanguere 2 which have value comprise in interval of normal value (10,32cmol/Kg). Soils of Sanguere 2, Djalingo 2 and Babla 2
shows the values situated out of the normative range of Ca?*/Mg?* ratio with respective values of 17; 13, 73; and 15,5 and soils of
Sanguere 2, Djalingo 1 and 2, Babla 1 presents also the values out of normative range respectively 1,6; 1,45; 1,38 and 41,45. In
all these localities, calcium remains the most dominant element with 72.2% of the exchangeable cations of all the soil. Bablal
registered he high value 6.56 meq /100g followed by the Babla2, 6.08 meq /100g and the lowest value of calcium were recorded
to the Djalingol 1.92 meq/100g. Concerning magnesium low value were registered in Sanguere2 0.152meq/100g. Where the high
value is recorded to Bablal 4,56 meqg/100g. Concerning the potassium, except Djalingol and the control which have registered a
high value 0.25 meq/100g, the order rest have a same low value 0.11 meq/100g. The soil samples in Sanguere 2 have a low value
of CEC 3.84 and the high is registrated in Bablal 60.8 cmol/Kg. The other ones have values comprise between 5 and 20
meq/100g. Whereas the high value of saturation rate is resgistrated in Sanguerel soil samples 84,55 meq/100g and the low is
obtained on the soil of Babla118.83. Conclusion: No sample has the optimal values for all the elements analysed and one can
notice the low values of K* for all the samples, but normal pH for all.
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1. INTRODUCTION

Agriculture is one of the pillars of Cameroonian economy, it provides nearly 25% of total GDP, it occupies around
60% of active population and contributes to the growth of other economic sectors [1, 2]. In the northern regions of
the country, the populations are 80% rural with very low literacy rate, so the main activity remains agriculture [3].
However, the yield of the main crops decreases each year and the vast majority of producers live below the poverty
lines despite their multiple efforts due to land degradation [4]. Agriculture in sub-Saharan African countries in general
is characterized by this low productivity due to the constant decline in soil fertility causes by climatic hazards (rain is
rare and irregular), excessive use of chemical fertilizers, overgrazing, overexploitation of natural resources due to
overpopulation and the disappearance of long fallows previous studies [5, 6, 7, 8]. The consequences include the
disappearance of bushes and the scarcity of cultivable soils [7, 9]. The extent of this degradation varies according to
the types of soil, the method of exploitation and the population dynamics (annual growth of up to 1.5%, population
migrations) [10]. For more than a decade, there has been a decrease in agricultural productivity in the entire region
of North Cameroon, particularly that of Garoua 3 which depends almost essentially on agriculture [11]. Garoua 3
subdivision is an important agricultural zone of Garoua in North region. It is intensely exploited for the production of
various food products like vegetables, corn, groundnuts and many other crops. According to SODECOTON reports,
there is a downward trend in yields of around 30% over 20 years, over 11 kg / ha / year in this area [12]. In addition,
the doses and formulas of fertilizers vulgarized for certain crops developed for more than twenty years are no longer
adapted to these soils because there would have been modifications in the chemical imbalances of the mineral
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elements of cultivated soils with the appearance of new deficiencies in the region, or a strengthening of those that
already existed [12]. That is why it is therefore important to conduct a study to assess the fertility status of the
various agricultural soils in this area, by studying the various major elements of fertility (total nitrogen, assimilable
phosphorus, potassium, organic matter) present in these soils, the different ion balances (ion balances) and certain
physical properties (pH, texture, etc.) in order to find notorious solutions for furthers restoration.

2. MATERIALS AND METHOD
2.1. Description of study site

The study is carried out in the Garoua III subdivision located in the North Region, Department of Benoue. It has an
area of 432.5 km2 (Figure 1). The commune is limited to the North by the Benoue river; to the south, east and west
by Ngong commune. The climate is tropical, Sudanese type. It is characterized by a long dry season from October to
April and a short rainy season from May to September. The average annual rainfall is about 1000 mm of water.
Temperatures remain high with an average of 28 ° C and maximums reaching 40 to 45 ° C in March and April. The
soils are ferruginous. The land is very deep with a sandy texture and good potential with alluvial land along the
Benoue in flat land. Its population is estimated at 64,806 inhabitants is characterized by great ethnic wealth. The two
main activities of the populations are agriculture which supports almost the entire population and breeding. The main
food crops (maize, millet, rice) are the staple food. To these cereals are added peanuts, cassava, cowpeas, okra,
tomatoes, soybeans, sesame seeds, and many other food crops. More than half of the production is intended for local
consumption. The rest is carefully kept to wait for the lean season and to prepare the next agricultural season to be
sold to resolve specific problems (health, education, etc.) PNDP (2011) [11].
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Figure 1: Map of study site.
2.2. Sampling method

The soil samples were taken between 0-20cm depth using a manual auger. On a quarter hectare plot, 15 to 20 core
samples were taken along the two diagonals, approximately every 9 m. All the soil sampled is collected in a bucket
and then well mixed. After that, 500g of this earth constituting a composite sample is recovered and bagged to carry
out laboratory analyses.

2.3. Sampling plan

Three villages in this commune were chosen, Sanguere-Paul, Babla and Djalingo. The three villages chosen are the
largest agricultural production areas in the commune, and they are the ones that have periodic markets (where there
is trade in agricultural products). In each village, two agricultural speculations were targeted: maize and cotton (for
the cases of Sanguere and Djalingo), corn and sorghum (for the case of Babla), eight composite samples were taken
by speculation in each village (16 composite samples per village), so a total of 48 samples.

2.4. Physico-chemical analyses
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The physico-chemical analyses were carried out at the Laboratory of Soil Analysis and Environmental Chemistry
(LABASCE) of the Faculty of Agronomic Sciences (FASA) of Dschang (Cameroon) according to the international
methods recommended by Pauwels et a/, (1992) [13]. The variables analyzed are: particles size analyses, pH,
organic matter (MO), exchangeable bases (BE), cation exchange capacity (CEC), total nitrogen (Ntot) and
phosphorus.

2.4.1. Particle size analyses

The different particle size fractions were determined by mechanical analysis according to the Robinson pipette method
[14]. The procedure consisted in the elimination of organic matter by oxidation with hydrogen peroxide, of iron and
aluminum sesquioxides by HCI, then the separation of sand by sieving under water with a 50 um sieve. The clay +
fine silt mixture is removed using a Robinson-Koéhn pipette after dispersion of the colloidal suspension with sodium
hexametaphosphate) [15].

2.4.2. pH

The pH-H20 (current acidity) of the soil was measured using a pH meter with a glass electrode 24 hours after mixing
10g of each soil sample in 25ml of distilled water. The pH-KCI (potential or total acidity) was measured 15 min after
having introduced 10 g of each soil sample into 25 ml of 1N KCI solution [16].

2.4.3-Organic matter

The CO (%) was determined by the Walkley and Black method (1934) [17]. The organic carbon in the soil is oxidized
by a solution of potassium dichromate (K,Cr,0,) in excess, in a sulfuric medium. The excess of dichromate not
reduced by the organic carbon is then titrated with a solution of ferrous sulphate (FeSO4.7H20) in the presence of
diphenylamine which turns from purple to green at the equivalence point. The rate of organic matter is determined by
the formula:

% OM =% CO x 1.724 1)

2.4.4. Exchangeable bases, cation exchange capacity (CEC) at pH 7 and saturation rate

The determination of the contents of exchangeable bases (Ca®*, Mg®*, K*, Na*) was carried out after extraction with
1IN ammonium acetate at pH 7. Na and K were measured by flame spectrophotometry, while Ca?* and Mg have were
determined by complexometry with EDTA (ethylene diamine tetra acetate). The determination of the CEC at pH 7 is
carried out after washing. The determination of the contents of exchangeable bases (Ca*, Mg**, K*, Na*) was carried
out after extraction with 1IN ammonium acetate at pH 7. Na and K were measured by flame spectrophotometry, while
Ca** and Mg have been determined by complexometry with EDTA (ethylene diamine tetra acetate). The
determination of the CEC at pH 7 is carried out after washing with alcohol (90°C) in order to remove the saturated
NH,* solution. The determination of NH,* is made by Kjeldahl distillation after quantitative desorption K*.

The saturation rate of exchangeable bases (T) was obtained by the following formula:

V (%) =(S/T)*100 where S = sum of bases exchangeable in meq/100 g (2)

T = cation exchange capacity of the soil in meq/100 g.
2.4.5. Total nitrogen

The determination of the total nitrogen content was carried out according to the method of Kjeldahl [18]. It consists
on complete mineralization of organic nitrogen with a mixture of concentrated sulfuric acid (H,SO,4) and hot salicylic
acid (350 ° C). The mineralize is distilled by steam entrainment, the distillate is then titrated with a solution of H,SO,
(0.01 N)/

N (g/kg) = (v-v0)*0.01*14/pe 3)
With

pe: test sample, volume of H,SO,4 poured to neutralize nitrogen in the distillate
vo volume of the control.

2.4.6. Available phosphorus

The available phosphorus was determined by the Bray 2 method [19]. This method combines the extraction of
phosphorus in an acid medium (HCl 0.1 M) with the complexation by ammonium fluoride (NH4F 0.03 M) of Al3 + and
Fe®* ions linked to phosphorus. The dosage of phosphorus is determined by molybdenum blue colorimetry, based on
the formation and reduction of a complex of phosphoric acid and molybdic acid by ascorbic acid. The
spectrophotometer readings are taken at a wavelength of 665 nm.

2.5. Data analysis
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The data collected from the field where subjected to the analysis with Excel package to obtain the means, Microsoft
word for whriting the text; and Tridraw has used to determine soil class texture of soil samples.

3. RESULTS
3.1. pH

The pH-H,0 values ranged from 5.6 to 6.9; furthermore Djalingo 2 registered the high value compare to the Babla 2
which recorded the lowest value. Concerning ph —KCl the values are comprise within 4.2 to 5.8, meanwhile Babla 2
has a low values 4.2, whereas the high value is registered from Sanguere 1. The soil pH-H,0 of all study sites are
between moderate acidic (5.6-6.0) to neutral (6.6-7.3) according to the PAP classification (1976) [20].

Table 1: The table presents the results of soil pH.

Ph Djalingo 1 | Djalingo 2 |Sanguere 2 |Babla 2 |Sanguerel |Babla 1 | Control soil
pH-H,0 (1 :2,5) 6.8 6.9 6.4 5.6 6.6 6.30 |6.2
pH-KCI (1 :2,5) 5.3 5.5 5.3 4.2 5.8 531 |5.0

3.2. Soil Texture

Table 2 presents the results of soil texture which derived to the percentage of particle size. Texture of all the soils
studied outside of Babla 1 is sandy-loam (LS) type which is medium soils or loam. That of Babla 1 is clayly.

Table 2: The table presents the percentage of soil size particles and soil texture.

Djalingo Djalingo Sanguere Sanguere Babla Babla 1 Ctrl
1 2 2 1 2
Depth (cm) 20cm 20cm 20cm 20cm 20cm 20cm 20cm
Sand 79 72 77 75 76 13 81
Silt 11 16 10 11 8 32 7
Clay 10 12 13 14 16 55 12
Texture LS LS LS LS LS A LS

Left Axis

100

Bab2
Bap1

Dj1
Dj2
San1
San2

C+E*e0e

Sand

Figure 2: The figure presents the textural triangle.



American Journal of Innovative Research and Applied Sciences.ISSN 2429-53961 WWW.american—iiras.com @Deﬂ Access

3.3. Organic matter and total nitrogen

The results of soil Organic matter content analysis showed that the site of Djalingo 1; Djalingo 2 and Sanguere 2
have recorded lower value than the normative value (1%) ; whereas the organic matter content of sanguere 1 is
lowly high to the normative value. The other site such as Babla 1; Babla 2 and control presented high value compare
to the normative value. Regarding total nitrogen, the results show that the values are comprised within 0.23g/kg to
0.86g/kg. The high value is registered in the soil of Bablal and the low value in Sanguere 2. In all of the soil sites,
total nitrogen is fairly poor compare to the normative value. The results of C/N ratio showed that the values ranged
from 1.3 in the Sanguere 1 soil to 3.2 corresponding to the control soil.

Table 3: Data of organique matter and total nitrogene.

Organic matter Djalingo 1 Djalingo 2 Sanguere 1 Sanguere 2 Babla 1 Babla 2 Control
Organic Carbone (%) 0.57 0.48 0.69 0.30 2.26 2.02 1.36
Organic matter (%) 0.99 0.83 1.20 0.52 3.90 3.49 2.34
Total nitrogen (g/Kqg) 0.30 0.30 0.33 0.23 0.86 0.65 0.42
C/N ratio 1.9 1.6 2.1 1.3 2.6 3.1 3.2

3.4. Exchangeable bases; available phosphorus, CEC and saturation rate.

Form the table (4) it is appear that In all these localities, calcium remains the most dominant element with 72.2% of
the exchangeable cations of all the soil. Bablal registered he high value 6.56 meq /100g followed by the Babla2, 6.08
meq /100g and the lowest value of calcium were recorded to the Djalingol 1.92 meq/100g. Concerning magnesium
low value were registered in Sanguere2, 0.152meq/100g. Where the high value is recorded to Bablal 4,56 meq/100g.
Concerning the potassium, except Djalingol and the control which have registered a high value 0.25 meq/100g, the
order rest have a same low value 0.11 meq/100g.

According to SYS (1976) when the ratios of calcium (Ca®*) and magnesium (Mg?*) give a value greater than one and
less or equal to ten and or when the ratios of magnesium (Mg?*) and potassium (K*) give a value greater than three
and less or equal to twenty (1<Ca/Mg<10 and 3<Mg/K<20) [21]. In our results, one can see that the Sanguere 2,
Djalingo 2 and Babla 2 soils have values outside the normative range of the Ca®* / Mg®* ratio with respective values
17; 13.73 and 15.2. The Mg / K ratio also shows that the soils of Sanguere 2, Djalingo 1 and 2 and Babla 1 have
values outside the normative range (1.6; 1.45; 1.38 and 41.45 respectively).

The results show that available phosphorus values of these soil samples are included between the lowers and medium
of normative values except the one of Babla 2 which has high value (27,76 cmol/Kg). Sanguere 1, Djalingo 1 and
Djalingo 2 have low available phosphorus content with respectively values of 7,94 cmol/kg, 6,41 cmol/kg et 9,18
cmol/kg.

The soil samples in Sanguere 2 have a low value of CEC 3.84 and the high is registrated in Bablal 60.8 cmol/Kg. The
other ones have values comprise between 5 and 20 meqg/100g. Whereas the high value of saturation rate is
resgistrated in Sanguerel soil samples 84,55 meq/100g and the low is obtained on the soil of Bablal 18.83.

Table 4: Results of exchangeable cations, CEC and saturation rate.

Exchangeable bases Djalingo 1 Djalingo 2 Sanguere 2 Babla2 Sanguere 1 Babla 1 control
Calcium 1.92 2.72 2.088 6.08 5.6 6.56 2.32
Magnesium 0.4 0.16 0.152 0.4 1.2 4.56 0.8
‘Potassium 0.25 0.11 0.11 0.11 0.11 0.11 0.25
Sodium 0.22 0.22 0.43 0.22 0.22 0.22 0.22
Sum of bases 2.79 3.21 2.78 6.81 7.13 11.45 3.59
CEC pH7 (meqg/100g) 9.6 5.6 3.84 19.6 8.432 60.8 6
V (saturation rate) 29.06 57.32 72.39 34.74 84.55 18.83 59.83
Ca/Mg 4.8 17 13.73 15.2 4.67 1.43 2.9
Mg/K 1.6 1.45 1.38 3.63 10.9 41.45 3.2
K/Mg 0.62 0.68 0.72 0.27 0.09 0.024 0.31

Available Phosphorus 6.41 9.18 10.32 27.76 7.94 19.09 6.30
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4. DISCUSSION
4.1. pH

The pH is an important element of the chemical composition of the soil which determines the availability of nutrients
for plants and soil microorganisms [22, 23], it is also an indication of the general level of available chemical elements
of soil. The pH of the soil is directly related to the exchangeable cations and anions. It plays an important role in the
mechanism of retention or release of nutrients [24]. The pH-H,0 values obtained during this study show that they are
moderately acidic to neutral, therefore suitable for agriculture according to Giguere (2002) [25]. The acidity of Babla2
which is vertisol is seems to be due to extensively agriculture exploitation added to regularly using of pesticides.
Whereas the orther ones are washout ferruginous soils which are formed on sandstone formations that is why this soil
have a high rate of sand, a low rate of exchangeable cations and the acidic pH.

4.2. Soil Texture

The Loamy sand texture of majority of soils sample analysed would certainly be linked to their pedogenetic nature,
parental materials being of sandstone material. Bablal soil is vertisol, that's why this soil has clayly texture. The LS
considered according to the classification of APA (1976) [20] as soils with medium texture or even balanced texture.
They are suitable for growing cassava, maize, peanuts, cowpeas, etc. [25, 26, 27, 28]. The soil of Babla 1, on the
other hand, has a very fine texture (APA, 1976) [20].

4.3. Organic matter and total nitrogen

The soils of Djalingo 1; Djalingo 2 and Sanguere 2 have a low OM content; that of Sanguere 1 has an average organic
matter content (1.20%) and finally those of Babla (1 and 2) and control soil have a high OM content. It also emerges
from this study that the total nitrogen of all these soils is low compared to the optimal value (<1%) [20]. The low
organic matter content at the Djalingo and Sanguere sites can be explained by the fact that the soils are exploited for
several years without organic input or fallow (according to the testimony of farmers), that is why it is observed that
the OM content of uncultivated soils (left fallow for more than 10 years) has a high content of OM (2.34%). Continued
exploitation of the land without using suitable restoration and conservation techniques undoubtedly leads to total soil
degradation [29, 30]. According to Hubert and Schaub (2011), organic matter plays a physical role in the soil for
cohesion, structure, porosity, water retention or storage, etc [31]. It also plays a biological role in stimulating
biological activity (earthworms, microbial biomass). Finally, it plays a chemical role in the nutrition of plants through
actions of degradation, mineralization, etc. The ratio between carbon and nitrogen (C/N) is low (less than 20) for the
case of Djalingo and Sanguere which can make according to Ballot et al., (2016) a slow or even difficult
decomposition and does not allow good mineralization of organic matter [28]. The low OM content of these soils is an
handicap for the dynamics of the soil ecosystem and remains a major factor in lowering agricultural productivity. The
soils of Babla 1 have a high OM content, these soils are naturally different from those of other localities, and they are
vertisols their property allows them to slowly mineralize the OM but also to retain the products of this mineralization
as slow as it is. To this is added the phenomenon of pedoturbation (vertical movements) alternating swelling and
shrinking of soil and favouring an almost equitable sharing of the OM over the entire profile. In another study carried
out by Olina et a/, (2008) in the same locality, the average of OM content, total nitrogen and the C/N ratio were
respectively 1.27%, 0.49% and 15.59, a part of Babla 1 soils, all the others have lower values than the latter [12].
This proves that these lands are in perpetual degradation.

4.4. Exchangeable bases, available phosphorus CEC and saturation rate

In all these localities, calcium remains the most dominant element (with 72.2% of the exchangeable cations of all the
soil samples with an average of 3.89 meq / 100g) followed by Magnesium. Despite its importance for the majority of
plants, potassium shows low levels everywhere (average = 0; 15 meq/100g). Only the samples of Djalingo 1 have a
normative value (0.25meq/100g) (reference threshold values: [32, 33, 22]) in K* compared to all the other soils which
have lower values. There is a cationic equilibrium in a soil according to SYS (1976) when the ratios of calcium (Ca**)
and magnesium (Mg?*) give a value greater than one and less or equal to ten and or when the ratios of magnesium
(Mg**) and potassium (K*) give a value greater than three and less or equal to twenty (1<Ca/Mg<10 and
3<Mg/K<20). In our results, Sanguere 2, Djalingo 2 and Babla 2 soils have values outside the normative range of the
Ca** / Mg?" ratio with respective values 17; 13.73 and 15.2. The Mg / K ratio also shows that the soils of Sanguere 2,
Djalingo 1 and 2 and Babla 1 have values outside the normative range (1.6; 1.45; 1.38 and 41.45 respectively). Too
high K* / Mg?* ratio in light soil causes a magnesium deficiency and therefore decreases yields, while in clay soils, a
too low K*/Mg?* ratio slows the absorption rate of potassium, thereby limiting yields [33,27]. In our results, only the
Sanguerel and Babla 1 sites have a normal value of the K*/Mg?* ratio (between 0.05 and 0.1 as described by the
above authors). Three sites have a low saturation rate: Djalingo 1 (29.06%), Babla 2 (34.74%) and Babla 1 (18.83%)
and according to the interpretation of APA (1976) [20], these soils are moderately (Babla 2) and strongly (Djalingo 1
and Babla 1) leached. Apart from neutral soil, no other soil has a normal cationic equilibrium. The intense agricultural
activities with the excessive use of chemical fertilizers and pesticides contribute to the cationic imbalance of the soils.
The tropical ferruginous soils which cover a large part of northern Cameroon are reputed to be fragile, with a low
level of fertility due to their very sandy texture and the sandstone nature of the original material [34]. Current
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cropping systems based on a cotton / cereal rotation without restitution of organic matter with tillage, result in a
systematic decline in the level of soil fertility as soon as they are cultivated [35].

The results show that available phosphorus values of these soil samples are included between the lowers and medium
of normative values except the soil of Babla 2 which has high value (27.76 cmol/Kg). Sanguere 1, Djalingo 1 and
Djalingo 2 have low available phosphorus content with respectively values of 7.94 cmol/kg, 6.41 cmol/kg et 9.18
cmol/kg.

5. Conclusion

The main objective of this work consisted to determine the fertility state of agricultural soils of Garoua 3 subdivision.
The results showed that except the soil samples in Babla 1 which has a clayly texture, pH and mineral particle size of
all the samples varies slightly (Sandy loam and pH comprise between 6,2 and 6,8). The soils of Djalingo 1 and 2 and
Sanguere 1 have low organic matter content (<1%) and those of Sanguere 1 and Babla 1 and 2 have moderate and
high organic matter. Available phosphorus is almost low everywhere except the soils of Babla 2 (27,76cmol/Kg) and
Sanguere 2 which have value comprise in interval of normal value (10,32cmol/Kg). In all these localities, calcium
remains the most dominant element with 72.2% of the exchangeable cations of all the soil. Bablal registered he high
value 6.56 meq /100g followed by the Babla2, 6.08 meq /100g and the lowest value of calcium were recorded to the
Djalingol 1.92 meq/100g. Concerning magnesium low value were registered in Sanguere2, 0.152meq/100g. Where
the high value is recorded to Bablal 4,56 meq/100g. Concerning the potassium, except Djalingol and the control
which have registered a high value 0.25 meg/100g, the order rest have a same low value 0.11 meg/100g. All this soils
has a low level of fertility and needed a eco-friendly technilogie to restore it. It is appear important to carry out a
diachronic study to appreciate the level of decrease soil fertility and the impact of using organic and geological
fertilizers for give back the lost elements.
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