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Abstract 

The faecal sludge collected through the city of Yaoundé has been dumped for several years, in its raw state in Nomayos, a 
small village located in the southwestern part of its outskirts. The surroundings of this dumping ground are also exploited 
by the neighboring populations for agricultural purposes. The objective of this study is to assess the impact of faecal sludge 
on soil fertility. The results of the analyzes carried out on the faecal sludge collected on the site show that the pollutant 
loads are high, in particular the presence of pathogenic germs and that the macronutrients of the plants are in relative 
abundance. The soils are characterized by fine to moderately fine textures and have high concentrations of macronutrients 
(organic matter, organic carbon, phosphorus, total nitrogen, Exchangeable bases, etc.) at the faecal sludge deposit sites (P3) 
compared to the upstream site (P1). The determined fertility index is good to very good for faecal sludge dumping sites (P3) 
and immediate downstream (P4) and poor in upstream sites (P1). For the lowland site (P5), there is an excessive decrease in 
phosphorus by dissolution by water. 
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1. Introduction 

Faecal sludge that is collected from septic tanks or pit latrines, poses management challenges in urban areas of developing 
countries. Due to the significant demographic growth at Yaounde city, we observe the birth of spontaneous neighborhoods 
that have not benefited from a prior urban development plan and characterized by the absence of sanitation networks [1]. 
The method of sanitation requires repetitive emptying and the sludge thus obtained is unfortunately dumped without prior 
treatment near homes, in waterways, gutters or on vacant land. Currently, faecal sludge is dumped into the urban and peri-
urban environment posing great risks to the soil, surface water and groundwater quality [2]. Despite the fact that, human 
excreta/faecal is a good source of micro/macronutrients of plant besides its richness in organic matter. Human 
excreta/faecal constitutes a large fertilizer resource. Some chemicals elements (Ca, Mg, Na…) are mainly excreted via the 
faeces and the remaining elements (N, P, K, S, B) are mainly excreted via the urine [3]. 
Sewage sludge improved soil structure, increases infiltration rate, aggregate stability and soil water holding capacity [4]. As 
sewage sludge, faecal sludge is a valuable soil conditioner because it contains organic matter, nitrogen and phosphorus. 
Agriculture constitutes one of the main activities of the populations in peri-urban area. The farm land is generally 
developed at the swampy area of which soils are always wet and rich in organic matter. Barriquelo et al. [5] showed a high 
yield after sludge application, because its content of macro/micronutrients. According to Berti and Jacobs [6], faecal sludge 
may be used in agriculture for increasing product yield. 
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In humid tropical zone, it is generally accepted that developed soil coverage consists of ferrallitic soils (red and yellow) at 
slope top and hydromorphic soils in the valleys [7]. These red or yellow, ferrallitic soils are acidic and highly desaturated 
[8]. Moreover, these soils are considered to be very infertile because of their poverty in exchangeable bases, their acidity 
and their aluminum toxicity [9]. However, geochemical conditions are different from upslope to downslope in the same 
landform unit, depending upon the influence of topography on the drainage and the hydrology of the soil cover [10]. 
In recent years, many cities of developing countries as Yaounde are experiencing rapid demographic growth due to rural 
exodus. Actually, more than 48% of Cameroon population lives in town [11] and 39% still remain in monetary poverty 
[11]. Majority of the people in our country depend on agriculture (that is cultivators and agricultural laborers). More than 
7.5% of the Yaounde population practices the urban and peri-urban agriculture in the swampy area to produce leaf 
vegetables for commercialization and consumption [12]. 
This study was conducted to analyse the influence of discharge of faecal sludge in the fertility of soil located in peri-urban 
area of Yaounde and the implications. 

2. Materials and methods 

2.1. Description of the study area 

The study area is located in the south west part of the Yaoundé city council, between longitude 11°26’00’’ and 
11°30’00’’East and between latitude 3°46’45’’ and 3°50’00’’North (Figure. 1).  
Included in the Avo'o watershed, the study area is linked to the national road N°3 by a severely degraded road over 
approximately 300 m in length. The whole area used to the faecal sludge dumpsite is situated on the left bank slope 
downstream of watershed with a surface level between 680 m and 740 m CGL (Cameroonian General Leveling). The 
bedrock is formed of migmatitic gneiss [13] on which are found on reddish and yellowish ferralitic soil and hydromorphic 
soil [14]. The slopes are steep, giving rise to rapid flow of surface runoff, and thus sustaining the development of many 
wetlands in the lowlands [15]. 
The equatorial climate of Yaoundean type with 4 seasons governs the region. The average annual pluviometry registered on 
a period of 36 years (1981-2017) is of 1478.8 ± 403.7 mm. The annual temperature varies from 22.3˚C to 24.6˚C ± 2.3˚C. 
The relative humidity is about 72% and remains constantly high all through during the year. The average evapotranspiration 
is 800 mm/year [16]. 
In this study area, a diversified and heterogeneous settlement is developed and characterised by the existence of 
accommodation and industrial zones coupled by the agricultural fields. The swampy depression is the domain of semi-
aquatic plants like raphia or palm trees [17]. In this agricultural field which is situated in the lowland area, women and 
youth without employment develop vegetables crops and horticulture for consumption and commercialization to increase 
household’s income. This area is surrounded by grass, shrub savannah and secondary forest due to the strong urbanization. 
These vegetables crops are generally developed during the dry season and consist to fresh vegetables, lettuces, tomatoes 
and carrots. 
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Figure 1: Location of the Nomayos dumpsite in Yaounde-Cameroon. 

2.2. Collection of samples 

The sludge samples were taken during 4 campaigns, namely, 12 samples when unloading the emptying trucks. Samples 
were taken in 1 liter polyethylene bottles and brought to the laboratory in a 5°C cooler to undergo analyzes of some 
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physicochemical and biological parameters. 
To better appreciate the impact of faecal sludge on the soil which serves as a support for the growth and development of 
plants, 5 wells were made using hand auger (2.5 cm diameter) from 0-50 cm depth in each defined site. 

− P1: control sample located 50.24 m upstream from the source (faecal sludge discharge point); 
− P2: sample in cultivated land (field) located at the east to 25 m from the source; 
− P3: sample at source; 
− P4: sample in the middle of the slope; 
− P5: sample at the bottom of the slope. 

The geographical locations of the wells were determined with a GARMIN handheld global positioning system (GPS) and are 
shown in Figure 2. A macroscopic study was done on each well before taking the soil sample. The soil samples were labeled 
then packaged in sterile plastic bags and transported to the laboratory. Soil samples were dried in the open air for a week, 
crushed, sieved and stored in the bags. The structure and texture were determined using the methods described in the guide to 
soil analyzes by Baize [18]. In fact, the technique consists in determining the quality and contents of clay, sand and silt. 
Sterile for physicochemical analyzes, methods described in [18]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2: Location of the sampling points in relation to the faecal sludge dump. 

2.3. Analytical methods 

For the faecal sludge, temperature, pH and electrical conductivity (EC) were determined in the field with standard field 
equipment (WTW/LF 91 temperature/conductivity meter and WTW/pH 90 meter). 
The physicochemical parameters (pH, organic carbon K, Mg2+, Ca2+, Na+, C/N) of soils solution are analyzed according to 
the methods described in [18].  
Fecal coliform and faecal streptococcus counts were determined using the membrane filter technique [19]. All suggested 
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procedures in the APHA method were followed, including adding a chlorine neutralizer, refrigeration of samples, and 
transporting and analysis within 6 hr. NO2-N and NO3-N concentrations were measured on an ion chromatograph. Total 
Nitrogen was measured by Kjeldahl digestion, followed by determination of NH4-N in solution by colorimetric methods [20]; 
Technicon Autoanalyzer II, Tarrytown, NY 10591-5097). NH4-N was analyzed by the same method without the Kjeldahl 
digestion. 
Basic parametric statistical parameters such as min, max, median, standard deviation (SD) and average were computed along 
with correlation analysis and factor analysis was carried out by using XLSTAT version 2020.5.1. 
 
Forestier index (IF) was assessed using the following formula Eq. (1) [21]: 

𝐼𝐹 = 𝑆2

(𝐴+𝐿𝑓)
                          (1) 

- IF < 0.1: indicates soils with low fertility 
- 0.1< IF < 0.5: soils with poor fertility 
- 0.5 < IF < 1.0: soils with average fertility;  
- < IF < 2.5: soils with good fertility;  
- 2.5 < IF < 5.0: soils with very good fertility  
- IF > 5.0: soils with exceptional fertility 

3. Results and discussion 

3.1. Characteristics of faecal sludge in dumpsite 

Faecal Sludge (FS) is sludge of variable consistency accumulating in septic tanks, aqua privies, pit latrines and unsewered 
public toilets. The contents comprise of varying concentrations of settleable or settled faecal solids as well as of other, non-
faecal matter. The in-situ analysis indicates that the faecal sludge contains sand, solid waste (fabrics, broken bottles, 
batteries, plastic bags and bottles, metals, syringes, etc.) and pharmaceutical substances, chemical pollutants from industry, 
crafts (oils, dyeing effluents, etc.).  
The pH values of the faecal sludge are 6.50±0.03. It is up to neutral type, indicating the youngest character of sludge (Type 
3). According to [22], Type 3 sludge could be attributed to the beginning of the accumulation of organic acids produced 
during the decomposition of the OM contained in the sludge. Electric conductivity (EC) value is very high (5 567.2±187.9 
µs/cm). This result confirms that there is a strong presence mineral salts in the faecal sludge. The last one is very 
mineralized, but still remain fermentable with regard to the biodegradable organic pollutants. In addition, a too high salinity 
causes clogging soil [23], and impacts negatively the evolution of many speculations in agriculture.  
The concentration of the major cations follows this order Ca > Na > K > Mg in the sludge. Ca2+ ion concentration is 3.36 
meq/L while Na+ concentration is 1.99 meq/L. Mg2+ ion concentration and K+ concentration are inferior to 1 meq/L. The 
relative content of major cations in faecal sludge could be due to the presence of non faecal matter in the sludge when we 
see the order Ca > Na > K > Mg which is similar to the relative abundance of content of earth’s crust [24]. 
Faecal sludge has COD and BOD concentrations respectively equal to 2.43 g/L and 1.13 g/L. The value of the COD/BOD 
ratio is equal to 2.2, revealing thus the presence of a large proportion of biodegradable materials in these sludge [2]. 
Ammonium (NH4

+) concentrations are high and can reach 373.9 mg/L. Its high content in faecal sludge can be explained by 
the activity of almost continuous organic decomposition in pits and during the journey. In fact, ammonium starts from 
nitrogen compounds, forms in which the organic matter contained in faecal sludge. Total Kjeldahl nitrogen concentration is 
high with value equal to 540.9 mg/L as well as the concentrations of PO4 which is 140.7 mg/L. The nitrate contents are 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 8 Issue 7, July 2021  

ISSN (Online) 2348 – 7968 | Impact Factor (2020) – 6.72 

www.ijiset.com  

112 
 

around 578.6 mg/L. Organic carbon corresponding value is 13.9 g/L. These sludges are characterized by a C/N ratio of 
25.7. It is commonly accepted that the higher the C/N of a product is high, the more it degrades slowly into the soil and 
provides stable humus [25]. Due to the availability of nutrients, microbial activities are more vigourous in fresh than in old 
sludge, resulting in a faster rate of OM mineralization [26]. Faecal sludge is a good source of macronutrients of plant 
besides its richness in organic matter and constitutes a large fertilizer resource [27], We confirm as [28], that faecal sludge 
may be used in agriculture for increasing product yield despite of the presence of germs indicating faecal contamination as 
Coliform’s faeces (2.29E+06 UFC/100 ml) and faecal streptococci (1.07E+06 UFC/100 ml) and the presence of helminth 
eggs. The last one should induce the treatment of faecal sludge before discharge. Soil organic carbon is the most important 
indicator of soil quality and agricultural sustainability [29]. More of the carboxyl and phenolic functional groups are likely 
to be present in the young sludge providing more sites onto which cations could be held thus explaining the higher value for 
CEC. Although, ammonia concentration is excessively high and will hamper algal and bacterial growth. 

3.2. Macoscopic description of soils 

On the northern slope on the left bank of the Avo’o stream, five wells with a maximum depth of 50 cm (Fig. 3), are 
organized in transect in the direction of the greatest slope. Overall, soils consist of top to bottom: 
- At the top, by a thin film of humus (≤ 15 cm) and a loose clay horizon. 
- At mid-slope, with a dark red nodular horizon rich in rootlets between 0 and 10 cm 
- At the bottom of the slope, by a gray to black surface horizon with the water table level observed at 35 cm 

The soils are covered by a diversity of plant species related to the topography and the existence of the discharged faecal 
sludge. Thus, from the top to the bottom, the vegetation is represented by the pennisetum pupureum (Poaceae), 
Chromolaena odorata (Asteraceae), Ageratum cornizoides (Asteraceae), Phaseolus vulgaris (Fabaceae), Zea mays 
(Poaceae), Commelina benghalensis (Commelinaceae), Panicum maximum (poaceae), Cyperus distans (Cyperaceae), 
Cucurbitaceae sp (Cucurbitaceae), Maranthaceae sp (Maranthaceae), Thithonia diversifolia (Asteraceae), Alchornea 
cordifolia (Euphorbiaceae), Araceae sp (Araceae) and Raphaceae (Araceae) and Raphaceae The species found in the 
vicinity of the faecal sludge dumping area is Thithonia diversifolia (Asteraceae).  

 The soils of the study area are macroscopically similar to the soils developed on gneiss in an equatorial forest 
context according to [30]; [7]; [31]; [32]; [33]; [14]; [34]; [35]. The morphological analysis of the first 50 cm shows, from 
the top of the slope to the break in the slope, a succession of the following horizons: 
- 0 to 17 cm dark brown (7.5 YR 4/2 to 4/4), clayey; weakly developed medium blocky structure; porous to fairly 

porous, slightly hard, few roots. 
- 17 to 70 cm bright brown (7.5 YR 5/6 to 5/8), clayey, very unstructured, fairly porous to compact, not very hard. 
- The succession of the horizons of the marshy lowland after the break in the slope is as follows: 
- 0 to 10 cm gray to light gray (10 YR 5/1 to 6/1): coarse sand with little clay; fine, moderately developed nuciform 

structure: porous, not very coherent; many roots. 
- 10 to 55 cm brown to light brown (10 YR 5/3 to 6/3): sandy-clayey to clayey-sandy; structure with weakly developed 

blocky tendency; porous, slightly hard. 
Macroscopic observation of the soil in the study area shows that sites P1, P2 and P3 have the same organization of soil 

horizons over the first 50 cm (Figure 3) except that the sites under cultivation (P2) and those on which faecal sludge is 
discharged (P3) have fairly deep humus horizons compared to existing sites. The sites located at mid-slope (P4) are 
characterized by the absence of the humus horizon due to significant leaching. The sites of marshy lowlands (P5) constitute 
the receptacle of eroded soils upstream, combined with transformations linked to the proximity of the water table. 
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Figure 3: Soils profiles of wells P1 et P2. 

3.3. Physico-chemical characteristics of soils 

These soils are characterized by a textural class [36] ranging from clays to sandy clay loams through sandy clays and clay 
loams (Figure 4). These are fine to moderately fine textured soils. The top layers of these soils are more humid compared to 
the underlying layers. On the other hand, the lower horizons are enriched in clay fringe (40.2 - 57.2%) with characteristic 
values (44 - 55%) of ferrallitic soils [7]. This situation ensures good water retention capacity. However, clay loams (P2 and 
P3) have moisture values 3 to 4 times higher than other types of soil. The silt value increases in cultivated areas, spill area of 
faecal sludge and marshy lowlands. The sand value is almost constant at the top of the slope and increases at mid-slope and 
at the bottom. [37] show that the top-soil (0-10 cm) features as a clay loam and the sub-soil as a clay. This derives from the 
dissolution and leaching of silica due to high rainfall. 
The sand and silt percentages decreased with the depth whereas the clay percentage increased with it, which was a sign of 
clay translocation. Clay accumulation in the sub-soil could result in reduced porosity, increased water retention and reduced 
drainage [37]. [38] and [39] found similarly that continuous cropping and intensive land use affected the particle size 

 
 
 
 

 

P1 P2 P3 P4 P5 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 8 Issue 7, July 2021  

ISSN (Online) 2348 – 7968 | Impact Factor (2020) – 6.72 

www.ijiset.com  

114 
 

distribution and that these changes related to cultivation time. Unlike [39] who did not find that land use systems affect the 
distribution of the silt fraction; it appears that the soils under crops and those having undergone repeated discharges of 
faecal sludge have high silt contents compared to other soils in the study area.  
All the land-use systems (P2 and P3) and wetted lowlands (P5) had a high silt content (Table 1), on the other hand, the soils 
under secondary forest and on mid-slope (P1 and P4) had the lowest one. All this let presume that the land-use soils and 
wetted lowlands had the highest fertility and the soils under secondary forest and on mid-slope the lowest. That statement 
will have to be confirmed or denied by the interpretations of soil chemical properties. 
The organic matter of soil is good as well at the top of hills as at the bottom of the slope with values greater than 7.00% in 
the first ten centimeters and only gradually decrease in depth (3.92% at 30 - 50 cm) while maintaining the high C/N ratio 
(Table 1). Organic matter is the main factor determining the retention of cations on the adsorbent complex [40]. According 
to [41], the C/N ratio for the P3 site is less than 15 and indicates a production of nitrogen with the corollary of an increase in 
the rate of decomposition (good biological activity), whereas for the other sites, the C/N is greater than 20, thereby inducing 
small quantities of nitrogen to allow the decomposition of carbon (there is competition between absorption by plants and 
reorganization of organic matter by soil microorganisms, it is the phenomenon of "nitrogen hunger"). Nitrogen is then taken 
from the soil reserves. Mineralization is slow and only restores a small amount of mineral nitrogen to the soil. The decrease 
in the carbon rate at depth would then be explained by a speed of mineralization of organic matter higher than at the 
surface, where debris accumulates organic. The low stocks of organic matter in these soils predispose them to acidification 
and rapid degradation [42] because, according to [43, 40], soil fertility in tropical areas is mainly based on organic matter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4: Textural class of soils according to [36] 

 
 
 

 
 

Legend : 
A : Clay        L : Loam 
As : Sandy clay       Ls : Sandy loam 
Al : Silty clay       Lf : Silt loam 
La : Clay loam       Ltf : Silt 
Laf : Silty clay loam      Sl : Loamy sand 
Las : Sandy clay loam      S : Sand 
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The cation exchange capacity (CEC) of soils varies between 7.2 and 40.9 meq/100 g (Table 1). The CEC is high or strong 
at the P2 and P3 sites and low for the P4 and P5 sites which are richer in sand. The total exchange capacity of the soil 
depends more on colloids organic than clay in less quantity, or of the kaolinite type, with low-capacity exchange [44]. 
According to, the soils in the study area are heavy at the dumping sites and cultivated and light at the bottom of the sand-
enriched slope. The soil of the P1 site is average with a CEC value of 12.7 meq/100 g in conjunction with the presence of 
11% organic matter. The very low ECECs reminded that the adsorption capacity of these soils was humus-dependent. [45] 
and [46] justified this low and variable character of the CEC within the Cameroon humid forest zone by the domination of 
low activity components such as kaolinite, Fe and Al hydroxides in these soils. 
 

Table 1. Physical and chemical characteristics of soil in Nomayos dumpsite 

Points Sand 
(%) Silt (%) Clay (%) T (CEC) 

(meq/100g) pH 
Total 

Organic 
Matter (%) 

Organic 
Carbon 

(%) 

Total 
Nitrogen 

(%) 

P2O5 
assimilable C/N 

P1A 36.70 6.20 56.40 12.74 5.9 11.82 6.87 0.23 19.25 29.9 
P1B 32.60 8.80 57.20 2.99 4.9 7.81 4.54 0.11 0.20 41.3 
P2A 44.60 16.60 37.70 22.99 4.6 11.42 6.64 0.11 403.70 60.4 
P2B 51.90 7.20 40.20 7.37 6.7 5.61 3.26 0.10 271.20 32.6 
P3A 40.20 19.40 38.60 40.91 4.6 13.43 7.81 0.70 77.56 11.2 
P3B 32.00 9.70 57.10 6.89 4.2 3.92 2.28 0.04 48.74 57.0 
P4 61.70 9.60 27.30 7.21 6.6 7.03 4.09 0.19 313.96 21.5 
P5 49.80 13.70 35.70 8.11 5.4 7.34 4.27 0.11 26.13 38.8 

 
An examination of soil samples shows that the values for pH range from 4.6 to 6.7 (Table 1) indicating that the soils are 
strongly acid to acid and under such conditions, it promotes the retention of pathogenic germs such as viruses. The 
acidification of the soil is favored by sulfate ammonia, ammonia nitrate and urea [47]. For water pH below 5.8, the Al3+ 
ions become soluble, with risks of toxicity to plants [48]. An acidic pH generally indicates a base desaturated soil, therefore 
with low calcium and magnesium contents, except to the land-use systems (P2 and P3). A too low, lower pH (4.5 - 5) 
contributes to considerably slowing down the mineralization of organic matter and decreases the quantities of nitrogen 
available except to the dumpsite area P3. Furthermore, acidity of soil should decrease the proportion of exchangeable 
nutrients cations and limit the fertility. 
Phosphorous in the present soils vary from 0.20 mg/Kg to 403.70 mg/Kg (Table 1). A high-assimilable P value appears in 
the land farm site (P2), while a low assimilable P appears in the witness site (P1). The highest value in the land farm site (P2) 
may be due to use of excessive phosphorous fertilizers because we have up to 5 points deviation from the value obtained at 
the faecal sludge dumping site (P3). Application of phosphorus (P) is necessary for maintaining a balance between the other 
plant nutrients and ensuring the normal growth of the crop [49]. It is important to notice that phosphorous is therefore 
adsorbed very quickly on the surface of colloidal particles, and their transfer into the soil is therefore almost exclusively in 
particulate form. The P4 site located downstream from the P2 and P3 sites, exhibits high phosphorus values (313.96 mg/kg). 
This is due to the accumulation of soils resulting from the leaching of the upper horizons of the upstream sites. 
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Table 2. Exchangeable bases and fertility index of soil in Nomayos dumpsite 

Points Ca 
(mg/kg) 

Mg 
(mg/kg) 

K 
(mg/kg) Na (mg/kg) Sum of exchangeable 

bases (S) (mg/kg) 
Fertility index 

S2/(C+S) Comment 
P1A 3.41 1.25 0.21 0.08 4.95 0.39 Poor 

P1B 0.02 0.05 0.03 0.04 0.14 0.00 Weak 

P2A 4.44 0.57 0.11 0.08 5.20 0.50 Average 

P2B 9.07 0.05 0.33 0.04 9.49 1.90 Good 

P3A 6.30 1.39 1.09 0.08 8.86 1.35 Good 

P3B 0.15 0.11 0.35 0.04 0.65 0.01 Weak 

P4 9.14 0.47 0.05 0.04 9.70 2.55 Very good 

P5 0.56 0.37 0.35 0.04 1.32 0.04 Weak 
Mean 
value 4.14 0.53 0.32 0.06 5.04   

 

As assimilable P, Ca content is higher in cultivated site P2 (on the surface and in depth), in dumpsite P3 (on the surface) and 
in mid-slope site P4 than mean value of exchangeable calcium (4.14 mg/kg) (Table 2). The mean exchangeable magnesium 
(Mg) value (0.53 mg/kg) was lowest in the witness site P1 and in dumpsite P3 and equal (0.57 mg/kg) on the cultivated land 
P2 (Table 2). Exchangeable K content is higher in dumpsite P3 than in witness site P1, in cultivated site P2 and in marshy 
lowland P5 (Table 2). The exchangeable Na content was highest (0.08 mg/kg) on the surface in P1, P2 and P3 and lowest 
(0.04 mg/kg) in P4 and P5 (Table 2). The sum of Exchangeable bases (S) in P2, P3A (on the surface) and P4 are higher than 
the mean value (5.04 mg/kg) which are correlated with the highest values of fertility index (Table 2). It means that chemical 
fertility is average and very good in the dumpsite and its immediate surroundings. In the order hand, fertility index is high 
when a clay depletion in soil’s texture is noted. 
The triangular diagram of [50], adapted to our site (Figure 5), indicates that P3A et P1A are close to the optimal equilibrium, 
P2A, P2B and P4 are in excess Ca2+ zone with Ca above 80% and K less than 4%. Except P1B, P3B and P5, showing relative 
richness in K. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5: Ca-Mg-K equilibrium diagram for soils in the study area 
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In reference to acidity, the Dabin (1961) diagram has defined three classes of soil fertility (Figure 2c): poor fertility soils, 
average fertility soils and good fertility soils. Soils showing poor fertility have a pH between 4.75 and 5.1. 

3.3. Statistical analysis 

By PCA, complex linear correlations between physico-chemical parameters in soils were determined, which enabled the 
interpretation of correlations of elements due to the presence or not of dump site in the studied area. Elements belonging to 
a given factor were defined by factor matrix after varimax rotation, with those having strong correlations grouped into 
factors. Based on eigenvalues, two main factors explained 75.22% of the total variance. 
The matrix of the components for the data set of the concentrations of investigated elements shows a grouping of Silt, Mg, 
CEC, Total Nitrogen (TN), K, Na, Organic matter (OM), and Total Organic Carbon (TOC) into the first component (F1), 
with a factor loading of ±0.70. Clay, Sand, pH, Ca, and Assimilable phosphorous are grouped into the second component 
(F2) (Figure 6). Thus, all parameters, are well represented in the first two main factors. 
The circle of correlation of variables (Fig. 6) indicates that all the variables are well represented in the factorial plane and 
the correlation between variables and factors shows: 

 the existence of a very strong positive correlation between silt and the soil fertilizer parameters (CEC, OM, TOC, 
TN, K, Mg, Na) (r > 0.700); 

 the existence of a positive correlation between sand and pH, Ca and assimilable P2O5 (r > 0.600), and the negative 
correlation between clay and sand, Ca and assimilable P2O5 (r < -0.600) 

 the non-existence of a correlation between sand or clay and the soil fertilizer parameters 
By projecting the individuals in the factorial plane, we identify three distinct groups (Fig. 6): 

 Group 1, which represents soils dominated in its upper horizon by an enrichment of organic fertilising parameters 
due to the discharge of faecal sludge (P3A), cultivation practice (P2A) and the existence of natural vegetation 
(P1A).  

 Group 2 characterized by soils (P2B and P4) highly enriched in sandy texture with strong adsorption of assimilable 
phosphorus favored by pH values greater than 5. 

 Group 3 is distinguished by soils (P1B, P3B, P5) rich in clay texture with low values of exchangeable cations and 
assimilable phosphorus 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 6: Principal component analysis of parameter values 
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However, the analysis of the values of the different parameters at different sites shows a very high level of soil fertility for 
the faecal sludge dumping sites (P3A) and the cultivated sites (P2A). Because, we observe a good fixation of phosphorus 
unlike the case of the site on natural vegetation. Phosphorus is one of the key macronutrients required for plant growth and 
metabolism. Inorganic phosphate supplied to the soil as a fertilizer is rapidly converted into unavailable form. Soluble P 
converted into insoluble phosphate involves microorganisms [49]. Organic matter is an important source of phosphorus in 
organic form, but also contributes to the reversible storage of nutrients through mineralization / immobilization by 
microorganisms [51]. 
The low values of reserves in exchangeable bases on ferrallitic soils (ferralsols) indicate that these soils are chemically 
poor, in particular in Ca2+ and Mg2+ and more exposed to acidification [52], which are observed in depth on sites P1 and P3 
and on the surface on site P5. On the other hand, the value of the reserve in exchangeable bases of the cultivated site under 
deep P2 (9.49 mg/kg) quite high despite very low values in Mg (0.05 mg/kg), MOT (5.61%) and CO (3.26%), would be due 
to the accumulation of Ca by the addition of chemical fertilizers in order to reduce the acidity of the soils. In cropped fields, 
exposure of the soil surface to heavy rains brings about erosion, rapid decomposition and mineralization of soil organic 
matter, and intense leaching of nutrients. Important changes could therefore occur in base and Al saturation, and in soil 
nutrient levels. the fertility status depends on the inevitable loss of soil nutrients in crop harvest and additional losses by 
leaching and runoff. Decomposition rates of organic matter increases with increasing temperatures and pH. 
Considering the magnesium deficiency threshold which is 0.5 mg/kg according to [53], the surface horizon (0-50 cm) of 
ferrallitic soils (ferralsols) would be deficient in this element when the levels of MOT and CO are very low. This lack of 
reserves of exchangeable bases in the soil is also explained by the very low levels of organic matter; however, organic 
matter constitutes the main factor determining the retention of cations on the adsorbent complex [40]. 
The positive and significant correlation found between CEC, total organic matter, total nitrogen and organic carbon is 
observed at the P3 faecal sludge discharge site. This reinforces the fertilizing nature of the discharged faecal sludge 
compared to other sites. [44], report that the total exchange capacity of the soil depends more on organic colloids than on 
clays, often in smaller quantities and of kaolinite type, with low exchange capacity. Therefore, the lower CEC values 
observed in ferrallitic soils (ferralsols) are attributable to their low organic matter, which exposes them to acidification. The 
exchangeable aluminum, which results from the degradation of clays, but of which a part, certainly not negligible, would 
come from the alteration of the parent material which happens to be a strongly aluminized rock, can be complexed by the 
organic material to give a shape not soluble in soil solution [54]; [55]. As a result, adding organic matter could be beneficial 
to ensure sustainable productivity on these soils. In all cases, efforts should be made to improve the soil pH. 

4. Conclusion 

The objective this study was to analyse the influence of discharge of faecal sludge in the fertility of soil located in peri-
urban area of Yaounde, The physicochemical characteristics revealed that the sludge is rich in organic pollutants. As for the 
microbiological characteristics, the sludge significantly contains faecal and pathogenic germs constituting a risk to public 
health and the environment when discharged without treatment. It clearly appears that the organic matter and nitrogen 
contents are very high and constitute major assets for crop production. Measurement of the physical parameters revealed 
that the studied soils have an essentially fine to moderately fine texture in the shallow horizon. This gives them a medium 
to high retention capacity in mineral elements provided by the faecal sludge or directly by agricultural amendment. The 
measurement of the chemical parameters of the soils has shown that these soils exhibit reactions ranging from very acidic to 
slightly acidic (4.2 <pH <6.7). They have low total organic matter and total nitrogen contents, except for soils directly 
receiving faecal sludge. The levels of assimilable phosphorus are important for the sites P2 (soil under cultivation), P3 
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(source soil for the deposition of faecal sludge), P4 (soil immediately downstream of P3), on the other hand the potassium 
contents and cation exchange are only important for P3 sites. At the level of chemical equilibria, the P1 (upstream of P3), 
P2A (surface horizon), P3A (surface horizon), P4 sites are characterized by a cationic balance (K, Ca and Mg). The fertility 
index is good to very good for sites strongly influenced by the discharge of faecal sludge (P3 and P4) except P5 where the 
fertility index is low due to leaching and dissolution of exchangeable bases. In view of its proximity to the Avo’o river 
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