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Abstract

The ongoing environmental challenges posed by soil degradation and desertification are of particular
concern. This situation is particularly alarming in agricultural and pastoral areas in communities in
northern Senegal, as it compromises the food security of human communities. Considering this
situation, composting is regarded as a pivotal instrument within agrosystems, facilitating the
utilization of organic livestock and agricultural waste for the purpose of transforming it into fertilizer
for crop cultivation. Development cooperation projects sometimes involve the transfer of scientific
knowledge to develop products adapted to the conditions of the area targeted by the intervention.
The study aims to examine the basic properties of the soils, analyse the composting process and the
compost, and evaluate the effect of the compost obtained on the soil within the framework of a
development cooperation project. Sampling has been carried out in several agro-livestock
communities in Northern Senegal; physical and chemical parameter analyses were carried out on
materials in the composting phase, compost, soils, and soils amended with compost and manure. The
results indicate that the soil dedicated to cultivation in the areas studied are characterized by a
predominantly sandy texture and exhibit significantly low levels of nitrogen and organic matter. The
resulting compost has contributed significantly to improving the soils where it has been applied and
therefore improve crop production, thereby highlighting the Kanel region.

Keywords: composting; local communities; soil properties; PTE

1. Introduction

Senegal, a West African nation, is named after its most significant geographical feature, the
Senegal River. It lies between two critical environmental regions: the Sahara Desert to the northeast
and the African savannah to the south, with the Atlantic Ocean bordering the west.

The country is situated in the Sahel ecoregion, characterized by a seasonal rainfall pattern and a
long dry season with extreme temperatures. The dry season, lasting from 6 to 10 months, occurs due
to the absence of the humid monsoon flow, which determines the onset of both the wet and dry
seasons. These seasonal changes lead to a distinct transition from the dry conditions of the Sahara
Desert in the north to the wetter savannah in the south. Precipitation varies significantly across the
country, ranging from 100 to 600 mm annually, with summer temperatures reaching as high as 50 °C.
In contrast, winter temperatures are milder but show considerable daily variation, exceeding 20 °C.
This climate variability, combined with soil moisture, plays a critical role in precipitation dynamics
and the potential for sustainable agricultural practices (Larbi, 2023; Aleman, 2025; Fall, 2003).

Agriculture and livestock have long been the backbone of Senegal’s economy, with 40% of the
workforce historically engaged in agricultural activities. However, this proportion has drastically
decreased to 22% in recent years (TheGlobalEconomy.com, 2022). Despite this decline, agriculture
still accounts for 17% of the GDP, and 60% of the rural population depends directly on it for their
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livelihood (Bank, 2023). A significant portion of cultivated land —about one-third —is less than one
hectare in size, indicative of subsistence farming. Senegal remains a deeply rural country, yet its
agricultural system was heavily impacted by French colonial policies that promoted the cultivation
of cash crops and international trade, undermining traditional farming practices and exacerbating
environmental degradation. (Directorate of Analysis, 2020; Fernandez, 2024). The country’s
agricultural system is now at the forefront of the battle against climate change, with rising
temperatures, decreased rainfall, and increasing evapotranspiration threatening crop productivity
and water availability. Arid conditions are expected to spread, turning currently dry subhumid areas
into arid zones, increasing the risk of desertification (Tall et al., 2017; Fernandez, 2024; Trisos et al.,
2022; Barros, 2014). The impacts of these changes affect agricultural productivity and therefore food
security. Forecasts for 2035 and 2050 indicate an increase in the negative effects already observed in
this country (Faye et al., 2021).

The need for climate change mitigation and adaptation strategies across all sectors, especially in
agriculture, is critical. A fundamental aspect of this effort involves the role of agriculture and
livestock farming in carbon sequestration through soil management practices, such as waste
management and composting (Bationo et al., 2007).

Composting, a controlled aerobic and thermophilic process that transforms biodegradable
organic materials into stabilized organic matter, has been recognized as a promising solution in sub-
Saharan Africa. The process involves five key phases: the initial latent phase, the mesophilic phase,
the thermophilic phase, the cooling phase, and the final maturation phase. (Real Decreto 506/2013;
Policastro & Cesaro, 2022). In Senegal, composting methods vary, with open-air mounds requiring
more water due to exposure to wind, and composting pits demanding less water. Composting
practices are often determined by economic factors and the availability of materials, with methods
using local resources like clay or cement being common. Recent studies have shown that combining
different organic waste types, such as slaughterhouse waste, domestic waste, and tree leaves, can
reduce water demand and improve the nutrient content of the resulting compost, making it more
suitable for crop production. (Kaboré et al., 2010), (Bissala & Payne, 2006), (Bissala & Payne, 2006),
(Gémez-Rico Nunez de Arenas, 2008).

Soil quality in Senegal is a key factor in agricultural productivity. Senegal’s soils are often sandy,
with low nutrient content and poor water retention (Nathan & Amadou, 2005). However, organic
matter plays a crucial role in improving soil structure, increasing the cation exchange capacity (CEC),
enhancing soil resistance to erosion, and improving water infiltration rates (Bationo et al., 2007)
(Yavitt et al.,, 2021). These benefits are particularly important in the context of increasing rainfall
intensity due to climate change. By improving soil structure and supporting soil fauna, such as
microorganisms, organic amendments like compost contribute to better plant nutrition and help
mitigate soil degradation (Hotfbauer et al., 2023). Compost application, in addition to improving soil
properties, also increases the soil's capacity to store organic carbon, serving as a carbon sink and thus
contributing to climate change mitigation. However, carbon sequestration potential is highly variable,
depending on factors like temperature and humidity, which influence the dynamics of composting
in drier climates (Rajat Kumar et al., 2022). The sustainability of agricultural production systems
depends on maintaining and improving the level of organic matter (OM) in agricultural soils, which
is one of the main challenges of agriculture and is vital for improving soil quality and agricultural
productivity. The application of compost and residues contributes to an increase in soil organic
matter.

In Senegal, agroecology has emerged as a key approach to improving sustainability in
agriculture. Defined by the FAO as both a scientific discipline and a set of practices, agroecology
focuses on optimizing the interactions within agroecosystems and promoting farming systems that
are socially just, economically viable, and environmentally sustainable (FAO, n.d.). The foundation
of agroecology is organic farming, which aims to produce high-quality food by following natural
cycles and excluding synthetic chemicals. Traditional farming practices, such as leaving land fallow
to replenish soil nutrients, were once common but are no longer sufficient in a rapidly growing
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population with limited access to chemical fertilizers. As a result, new strategies for increasing soil
fertility have been implemented, often using locally available materials such as household waste and
compost. (Batjes, 2001).

Several successful examples of agroecological systems in Senegal demonstrate the benefits of
organic amendments and waste management in enhancing soil fertility. In Dior, located in the Peanut
Basin, farmers have used compost made from household waste to fertilize less fertile land, leading to
increased crop yields of peanuts and millet. Similarly, in Casamance, different composting methods
incorporating rice straw and domestic waste have been shown to improve germination rates and
reduce soil carbon losses (Nathan & Amadou, 2005). A study conducted in Burkina Faso
demonstrated that compost application significantly boosted sorghum yields, highlighting the
positive effects of compost on soil properties and crop productivity (Ouédraogo et al., 2001).

Senegal also has various livestock management systems, some of which combine animal
husbandry with crop farming, while others are primarily focused on livestock. Transhumant
livestock farming, where pastoralists move between rural communities, is common, and this model
emphasizes the integration of livestock and agriculture in a way that can help ensure sustainability
and adaptation to climate change.

Agroecological practices, such as composting, are essential in addressing the challenges of land
degradation, food insecurity, and climate change, helping to foster a more resilient and sustainable
agricultural system in Senegal.

Development cooperation is essential to achieving the United Nations Sustainable Development
Goals (OECD 2023; United Nations 2019). Knowledge transfer and dissemination are part of many
international cooperation projects that involve workshops, training and awareness campaigns (Sucha,
et al., 2024).

The aim of this study was to apply composting techniques in agricultural and livestock
communities in northern Senegal in order to obtain compost that can be applied to horticultural crop
to improve soil properties and, therefore, fertility and soil health within the framework of a
development cooperation project.

This work is the result of development cooperation projects carried out by the Musol Foundation
and funded by the Valencian Regional Government and the Spanish Agency for International
Cooperation. The aim of these projects is to enable small farming and herding communities in
northern Senegal to learn how to compost their waste and use the resulting product on their farmland,
thereby improving crop production and soil health and contributing to carbon storage.

2. Materials and Methods

2.1. Study Area and Sampling Campaigns

This study was focused in twelve communities from two departments (Kanel and Podor) in the
north-east of Senegal (Figure 1).

The study was conducted in along campaigns: in 2023, 2024, and 2025. In the 2023 campaign,
soil was sampled from all the communities in Kanel, and from Podor in the communities of Nagrane,
Rignadé, Boulone, Boké, and Baala. In addition, it was determined that starting materials for the
composting process could be used in each of the communities, and the design of the composter was
explained, as well as how to carry out the composting process and its monitoring to the women of
these communities.

In the 2024 campaign, soil was sampled from Podor in Toulde Galle, Nianga Edy and Thielwel
Awgaly, the physicochemical parameters and nutrients in the soil were analysed. Also, material in
the composting phase from Boké (Podor), and Nayki Mango and Gnarowel Abdi (Kanel) were also
analysed, no samples were taken in other communities due to technical problems (such as a lack of
water to moisten the the blend to compost or the non-construction of composters)

In 2025, control soil (with added manure) and soil with compost were sampled from all
communities in Kanel (except Nayki Samba Houleye) and in Podor from the communities of Rignadé,
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Boulone, Boké, and Baala, in addition, the compost that was applied to the soil was also sampled. In
all these cases, the physicochemical parameters, nutrients were analysed, both in the compost applied
and in the soils with the treatments. The Table 1 shows the coordinates of each community, and
Figure S1 show spatial images of the different comunities. The amount of compost applied to the
cultivated soil varies between 14-20 tonnes/hectare, but this is only an approximation as the
application was carried out by people living in the communities (Figure S2). Furthermore, No
information is available on the amount of manure applied, but the doses are very low. The depth at
which it was applied to the soil is approximately 5 cm.

Figure 1. Location on the map of the departments where the communities under study are situated.

Table 1. UTM coordinates and elevation of the different communities where the work was carried out, organised

by Department.
Department Community UTM coor.dinates . Elevation
(UTM zone, Easting, Northing)| (metres above sea level)
Gnarouwel Abdi 28N, 666224, 1675187 63
Kanel Nayki Darou Nema | 28N, 661115, 1669201 66
Nayki Mango 28N, 660550, 1670009 63
Rignadé 28N, 606240, 1768765 45
Boulone 28N, 598377, 1773367 41
Podor Boké Dieguess 28N, 604496, 1775703 34
Baala 28N, 603985, 1771850 31

The material composting, compost and soil analyses were carried out in the soil science
laboratory at the University of Valencia (UV).

2.2. Composter Design and Composting Methodology

Composting was carried out in livestock farming communities, two amendments were used
together to make compost: i) animal wastes (manure) from sheep, goats or cattle. ii) agricultural
waste, such as millet straw, and woody parts of plants

The process begins by receiving and chopping the waste into 1-5 cm pieces to aid ventilation
and composting (Mager-Mendiguren et al,, 2012; Safia & Soliva, 2006). A 1:1 ratio of animal
/agricultural waste is used to achieve a C/N ratio between 25 and 30, which is ideal for composting
(Mager Mendiguren et al., 2012). The composting materials were mixed manually by community
residents with the support of the Senegalese Non-Governmental Organization 3D (NGO 3). The
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information provided by the NGO-3D technicians indicates that the mixtures were made with millet
residues and goat excrement (Gnarouwel Abdi, Nayki Mango, Nayki Darou Nema); residues from
various crops and cow excrement (Boke); millet residues, unspecified plants, goat manure and cow
excrement (Boulone); vegetable harvest residues, millet stalks and cow excrement (Baala); millet
residues, unspecified plant debris, and cow excrement (Ringade).

The composters were constructed following the design of Alui et al. (2020), to this model, we
have incorporated a system of PVC pipes in the base to facilitate passive aeration of the blend to be
composted, as this author does not consider this. (Figure S3). Each composter measured 2 x 1.2 m
base and a height of 0.8 m, and was built with bricks and cement. Digital thermometers are also
included to monitor temperatures daily. (Figure S3). Temperature and humidity monitoring during
the composting process was carried out by technical staff from the Senegalese NGO 3D and by
community residents.

2.3. Analysis of Waste Samples, Composting Material, Soil and Compost

2.3.1. Sampling and Pre-Treatment of the Sample

Soil sampling was carried out at a depth of 0-5 cm. A systematic sampling was carried out
following a zig-zag pattern. In each study plot a six sub-samples to obtain an integrated total mass of
500 g per plot. The compost was sampled directly from the well-mixed compost piles.

Both soil and compost samples were air-dried in the UV laboratory. The sample aggregates were
then crushed with a wooden roller and sieved (2 mm) following the UNE-EN ISO 13040 standard
(UNE, 2008). In the case of compost and composting material, once it was dry, it was shredded with
a blade grinder.

All the results were expressed in dry weigh (d.w.).

2.3.2. Fresh and Dry Moisture Content

The dry matter and moisture content of soil, compost, composting material was determined
according to the UNE-EN 13040 guideline (UNE, 2008).

2.3.3. Total Organic Matter

The total organic matter (TOM) was determined in the compost samples following the sample
combustion method UNE-EN-ISO 13039 guideline. A 5 grams aliquot of compost or composting
material was poured in a capsule and accurately weighed. It was then placed in the cold muffle
furnace, the temperature was gradually raised over one hour to 475 °C and maintained at this
temperature for 6 hours. Finally, the capsule and sample were left to cool in the desiccator and
weighed on the precision balance (UNE, 2012).

2.3.4. pH and Electrical Conductivity

Soil pH was measured using a 1:2.5 soil-water suspension (10 g soil + 25 mL distilled water),
shaken for 5 min, settled 30 min, and read with a calibrated pH meter (Porta et al., 1986). Electrical
conductivity (EC) in soil was determined with a 1:5 suspension (10 g soil + 50 mL water), shaken 30
min, filtered (110 mm), and measured with a conductivity meter, noting temperature. For compost
pH and CE, a 1:5 suspension (5 mL sample + 25 mL water) was shaken 1 h before measurement (UNE,
2012).

2.3.5. Texture

The soil texture was determined according the method of Day (1965). Briefly, a 30 g soil sample
was mixed with 200 mL distilled water and 100 mL of 5% sodium hexametaphosphate, which
disperses soil aggregates into sand, silt, and clay fractions. A blank sample without soil was prepared
for comparison. The mixtures were mechanically agitated for 24 hours, then transferred to 1 L test
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tubes and filled to volume with distilled water. Amyl alcohol was added to remove foam. The
suspension was mixed with a plunger, and density and temperature were recorded at 30 s, 1 min, 3
min, 1 h, 6 h, and 24 h intervals.

2.3.6. Oxidisable Organic Carbon and Soluble Carbon

The oxidisable organic carbon was determined following the method developed by Porta et al.
(1986). Soil was pulverized in an agate mortar, while compost, waste, or composting materials were
ground in a coffee grinder. Then, 0.05 g of soil (or 0.8 g of compost) was placed in a 0.5 L Erlenmeyer
flask, mixed with 10 mL potassium dichromate and 20 mL sulphuric acid with silver, and left to react
10 minutes. After cooling, 10 mL orthophosphoric acid and 4 drops of orthophenanthroline indicator
were added, followed by titration with Mohr’s salt until the color shifted from turquoise blue to dark
green. Two blank controls were used for correction, and final carbon content was calculated by
backtracking the reaction.

2.3.7. Carbon/Nitrogen

Total carbon and nitrogen were determined for soils, compost, composting material. The dried
samples were combusted in a Thermo Fisher FlashSmart elemental analyser (Thermo Fisher Scientific
Inc., Massachusetts, USA) based on UNE-EN-ISO 77321:2003 (UNE, 2003) and UNE-EN-ISO
77325:2003 (UNE, 2003).

2.3.8. Nutrients and Potential Toxics Elements

The method for elemental analyses on soil, compost, and composting material samples used was
EPA (2007) modified were used by. Pre-digestion was carried out for 24 h by adding 0.2 g of dry,
crushed sample to 50 ml Teflon beakers, pipetting 1 ml of hydrogen peroxide (H20:) with a
concentration of 36% and 9 mL of nitric acid (HNOs) with a concentration of 65%. Teflon® beakers
were then placed in a MARS 6 microwave oven (CEM Corporation, North Carolina, USA) for 20
minutes at 200 °C. At the end of the time, the digested material was filtered using qualitative filter
paper (Prat Dumas, France, Ref. A110600) and the extract was diluted with Mili-Q™ water in a 25
mL flask. Finally, an ICP-OES Thermo iCAP 6500 Duo (Thermo Fisher Scientific Inc., Massachusetts,
USA) was used to analyse the elemental content of the extract.

2.3.9. Statistical Analysis

All measurements were done in triplicate (n=3) with the standard deviation (SD) associated to
the median. Significance between treatments was based in ANOVA the T-student. Data collected
were statistically analyzed using SPSS 21 software (IBM).

3. Results and Discussion

3.1. Characteristics of Materials Undergoing Composting and Compost

During 2024 , the monitoring of composting process carried out by the technicians of the NGO
3D they reported that all the piles reached temperatures above 45 °C for several weeks, even
exceeding 60 °C on some days. These data indicate that the process has passed through the sanitation
stage and has achieved the temperatures necessary for the resulting compost to be sanitized (Roca-
Perez et al., 2009).

The results of the analyses of the physicochemical parameters, nutrients of the material
undergoing composting for the communities of Nayki Mango, Gnarowel Abdi and Boké sampled in
May 2024 are presented in the Table 2.
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Table 2. Results of the analyses of the material undergoing composting for the communities of Nayki Mango
and Gnarowel Abdi in the 2024 campaign. Values represent the mean + SE (n = 3). EC, electrical conductivity;

COOx, oxidisable organic carbon; TOM, total organic matter; Csol, soluble carbon; Ct, total carbon; Nt, total

nitrogen; C/N, Ct/Nt.

Kanel Podor
Parameter
Gnarouwel Abdi Nayki Mango Boké Dieguess

pH 9.40 +0.06 8.97 £0.03 8.40 +0.02
EC (dS/m) 3.35+0.48 3.03 +0.02 2.16 £0.15
COOx (%) 34.07 +0.33 23.67 +0.60 12.38 +0.79
TOM (%) 75.03 = 0.89 53.64+135 26.69 +0.63
Csol (%) 215+011 2.27+0.03 0.62 +0.01
Ct (%) 43.50+120 34.28 +4.17 18.97 +3.72
INt (%) 2.82+0.11 2.34+0.19 1.32+0.33
C/N 15 15 14
K20 (g/100g) 2.47+0.14 1.68 +0.28 0.61+0.15
205 (g/100g) 0.59 +0.02 0.48 +0.05 0.44 +0.07
MgO (g/100g) 1.25+0.05 0.84£0.12 0.47 £0.11
CaO (g/100g) 3.18+0.12 2.53+0.33 1.86+0.38
S (g/100g) 0.40 +0.02 0.27 £ 0.02 0.17 £ 0.04
Mn (mg/kg) 1112 + 40 817 +114 163 +28
Cu (mg/kg) 18.28 +4.79 14.96 +2.47 13 +3.07
Zn (mg/kg) 70.15+20.17 71.57 £ 8.15 89+13

The pH is high and the electrical conductivity (EC) is moderate for this type of material. These
values are similar to those achieved by Lu et al. (2021) in the composting process of goat manure and
rapeseed residue. The ammonification process during the early stages of composting process that
increases the pH, and at the same time, the salt content increases due to the degradation of organic
matter (Giche, 2020).The nitrogen (N) content is lower in Boke, similar in Nayki Mango, or slightly
higher in Gnarouwel Abdi than that found in the literature (Jusoh et al., 2013; Lu et al., 2021), while
the phosphorus content in the communities is slightly lower or similar to that obtained by Jusoh et
al. (2013). When compared to the range of values for compost in general (Garcia-Serrano et al. 2010),
the phosphorus (P), magnesium (Mg) and calcium (Ca) contents are slightly below the lower limit of
the range. Specifically, the phosphorus and potassium values are similar to those reported by
Washaya and Washaya (2023) in fresh goat manure. In relation to the content of potentially toxic
elements (Cu and Zn), organic materials are classified as class A and therefore have no restrictions
on their application to agricultural soils, according to Spanish standards (Garcia-Serrano et al., 2010).
It should be noted that the lower content of oxidisable organic carbon (Coox), total organic matter
(TOM), and the nutrients analysed in Boke, when compared to those obtained in Gnarouwel Abdi
and Nayki Mango, indicates that this material in the composting phase has been mixed with a higher
proportion of the mineral fraction of the soil during turning; On the other hand, the greater amount
of soil reduces the nutrient and TOT content, as the mineral fraction of the soil does not contribute
these elements and compounds to the mixture. In summary, we can conclude that the material being
composted in Boke would not be the one with the best characteristics compared to that of Gnarouwel
Abdi and Nayki Mango, as it has a higher proportion of soil mixture.

Physicochemical parameters of the final compost in the communities of departments of the
Kanel and Podor sampling in the 2025 are showed in the Table 3.
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Table 3. Physicochemical parameters of the final compost in the communities of departments of the Kanel and

Podor sampling in the 2025 campaign. Values represent the mean + SE (n = 3). EC, electrical conductivity; COOx,

oxidisable organic carbon; TOM, total organic matter; Csol, soluble carbon.

Kanel Podor
Parameter | Gnarouwel | Nayki Darou
Abdi Nema Nayki Mango | Rignadé | Boulone |Boké Dieguess Baala
pH 8.88 + 0.02 8.78 £0.07 7.71+£0.06 7.86+0.02 | 8.92+0.01 8.82 £ 0.06 7.33 £0.05
EC (dS/m) | 6.53+0.04 5.05+0.11 3.35+0.06 2.10+0.01 | 0.77+0.03 1.10+0.07 2.20+0.03
COOx (%) | 22.18+1.01 | 28.41+2.08 1329+0.18 |17.32+033(1573+047| 12.43+0.32 |13.15+0.31
TOM (%) | 49.20+2.24 | 63.04 +4.62 2948+040 |3843+0.74|3491+1.03| 2759+0.70 |29.18+0.69
Csol (%) | 093+0.14 | 1.01+0.13 0.56+0.025 | 0.67+0.02 | 0.35+0.06 041+0.18 056 +0.17
Moisture
content | 54.95+427 | 33.63+2.46 52.79+094 |44.89+0.64|47.28+048| 4827+042 |33.81+1.71
fresh (%)

In the communities studied composts pH is slightly basic to strongly basic, and the electrical
conductivity (EC) is moderate to low for this type compost. Both the pH and EC values are similar to
or lower than those reported by Lu et al. (2021) in the composting process of goat manure and
rapeseed residue. The high pH value could be related to the presence of ammonia, which could
increase the pH of the compost (Liang et al., 2006; Sawyer & P.L., 1978), From an agronomic point of
view, Bustamante et al. (2013) propose that pH values in compost between 6-8.5 are suitable for
application to agricultural soil, so the compost obtained in communities would be within this range
or slightly above it. The compost obtained has electrical conductivity (EC) values between 6.53 and
0.77 dS/m, if the values are higher than 5 dS m", the application of this compost to crops sensitive to
salinity would be limited (Albrecht, 2007). Therefore, the communities of Nayki Darou Nema and
Gnarowel Abdi should apply this compost in low doses.

The total amount of organic matter in most cases it is below 35 %, except Nayki Mango,
Gnarowel Abdi and Rignadé; which would not satisfy European standards for compost produced
from manure (RD 506/2013). Communities with lower total organic matter content have higher iron
concentrations. This could be related to the fact that when turning the compost, the material is
removed from the composters and is usually mixed with the soil, favoring the dilution effect of the
soil on the total organic matter content. In most compost, the moisture content is above 40%, which
is the maximum moisture content that compost can have according to European standards (RD
506/2013)

Table 4 shows the analysis of nutrients in the compost sampled in January 2025 in Kanel and
Podor. The nitrogen (N) content is slightly higher or similar to that obtained in goat manure
composting experiments (Jusoh et al., 2013; Lu et al., 2021), while the phosphorus content is similar
or higher, and specifically in the case of Gnarowel Abdi, higher than the values obtained by Jusoh et
al. (2013) for this nutrient. When compared to the range of average values for compost in general
(Garcia-Serrano et al., 2010), the P, Mg (only in Kanel compost), and K (only in Podor compost)
contents are within the usual range for compost, while Ca and Mg (Podor) have values below the
lower limit of the range. however, K (in Kanel compost) is higher than the established average values.
In relation to the content of potentially toxic elements (Cu and Zn), organic materials are classified as
class A and therefore have no restrictions on their application to agricultural soils (Garcia-Serrano et
al., 2010, Royal Decree 506/2013). These values are consistent, as there are no sources of metal
contamination near these populations and animal excrement does not contribute to contamination
due to extensive livestock farming.
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Table 4. Total nutrient analyses in compost in the communities of departments of the Kanel and Podor sampling

in the 2025 campaign. Values represent the mean + SE (n = 3). Ct, total carbon; Nt, total nitrogen; C/N, Ct/Nt.

Kanel Podor
Elements 1 ki D ki Bokeé
Gnal‘ou‘we Nay arou Nay Rignadé Boulone . oxe Baala
Abdi Nema Mango Dieguess
Ca 222+0.21 212+0.09 224+017 | 142+0.09 | 1.27+0.09 | 1.14+0.07 | 0.99+0.06
(g/100g)
K (g/100g) 1.47£0.11 1.15+0.13 097+0.12 | 0.58+0.04 | 0.63+0.04 | 0.47+0.04 | 0.34+0.02
Mg 0.932+0.88 0.81 +0.66 0.662+041 | 036+0.02 | 047+0.02 | 0.34+0.02 | 0.23+0.01
(g/100g)
Mn 1178.52 + 306.69 + 283.10 + 264.40 + 213.76 +
(mglkg) | 1699082354 | 1840791029 | ) o 5713 15.99 3197 540
S (g/100g) 0.410+0.36 0.39 £0.041 0.28+0.03 | 022+0.01 | 0.30+£0.01 | 0.26+0.02 |0.16+0.01
P (g/100g) 0.38+0.03 0.28 +0.018 0.27+0.03 | 022+0.01 | 0.26+0.01 | 0.23+0.03 |0.16+0.01
18.41 +
Ct (%) 28.17+3.25 3494+274 | 2247+0.19 | 22.18+0.16 | 22.64+1.55 | 23.94+1.23 81 29+
Nt (%) 295+0.19 342 +0.25 221+014 | 1.69+0.06 | 1.67+0.18 | 1.84+0.24 |1.48+0.09
1241 +
C/N 9.55+0.79 10.22+098 |10.17+1.54 | 13.11+0.99 | 13.52+0.93 | 12.99 +0.99 0 96+
Fe (g/Kg) 3.83+0.15 3.43+0.25 8.62+0.59 | 491038 | 4.87+0.51 | 11.23+0.99 [4.34+0.25
Cu 18.02+1.27 1595+122 |17.06+1.11 | 1423+0.97 | 16.29+1.11 | 17.57 +0.09 1009
(mg/kg) 0.08
Zn 48.70 =
86.17 +0.71 80.93+7.52 |83.72+0.95|67.69+0.38 | 78.38+0.43 | 85.51+7.41
(mg/kg) 2.33

The C/N ratio is below 20 (Sneh et al., 2005), values that indicate that the compost is mature and
has an optimal ratio for addition to the soil.

3.2. Soil Characteristics

Table 5 shows the results of the analyses of the physicochemical parameters of the soil sampled
in May 2023 in Kanel and Podor.

Table 5. Physicochemical parameters of soils sampled in 2023 in the regions of Kanel and Podor. For pH, EC,
TOM, and Nt, the values represent the mean + SE (n = 3). EC, electrical conductivity; TOM, total organic matter;
Nt, total nitrogen.

Department Community pH ( d];/Cm) TOM (%) | Nt (%) |Sand (%)|Silt (%) ((Zi/ao)y
Gnarouwel Abdi | 7.85+0.08 | 0.685+0.002 [3.44+0.12]0.13£0.010| 63 27 10
NaykiDarou | ;3 06 | 0190 +0.003 249 +0.02| 0050002 | 75 20 5
Kanel Nema
Nayki Mango | 7.66+0.04 | 0.292+0.08 |2.60+0.050.09+0.006| 53 70 25
Rignadé 746+0.04 | 02120004 [1.13+005| <0.03 9 0 4
Boulone 7.62+0.05 | 0.442+0.005 |1.64+0.09|0.07+0.004| 90 6 4
rodor Boké Dieguess | 7.87+0.04 [0.092+ 0.001|122+0.02| <0.03 90 5 5
Baala 7.85+0.03 | 0.152+0.006 |1.53+0.03|0.04+0.002| 95 5 0

The results of the analyses of the physicochemical properties of the soil in Kanel and Podor
highlight that these are very coarse-textured soils, with a very high sand content and a very low clay
content. In addition, soil electrical conductivity (CE) levels are higher than the range of values
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obtained in soils in eastern and southeastern Senegal (Hernandez et al., 2021), but the soil analysed
have more than 10 times less EC than saline soils in Djilor district of Senegal (Thiam et al., 2019). The
high electrical conductivity of Gnarowel Abdi stands out, which may pose problems for crop
development, while the rest of the soils are slightly saline but without problems for crop ( Porta et
al., 1986). The organic matter content in Kanel department is around 2-3% and therefore at good
levels, while in Podor the levels are low but normal for the area, at around 1%. These values are
higher than those obtained by Hernandez et al. (2021), which could be related to the application of
cow or goat manure to the communities' farmland. The pH of studied soil is neutral or slightly acidic,
and the values are within the range of values obtained by Hernandez et al. (2021) in soils in eastern
and southeastern Senegal.

Nitrogen values are generally low (Diack et al., 2017), although they are slightly higher in Kanel.
The results clearly showed the need to develop a proposal to improve soil condition and crop yields,
and this was achieved through the application of compost. Table 6 shows the nutrient content in soils
of the communities in the departments of Kanel and Podor. The levels of P, Ca, K, Mg, and S vary
between 9-21, 0.06-0.59, 0.12-0.45, 29-77, and 5-33 mg/100g, respectively. According to the Canadian
environmental quality guidelines, Cu and Zn levels do not exceed the values indicated for
contaminated soils (CCME, 2007).

Table 6. Results of pH and electrical conductivity analyses for control soils and soils with compost from the

Kanel and Podor regions. Values represent the mean + SE (n = 3). EC, electrical conductivity.

Department Community Treatment pH EC (dS/m)
Soil + manure 7.93 +0.07 0.2+0.01
Gnarouwel Abdi
Soil + compost 8.21+£0.02 0.22 £0.04
Soil + manure 8.07 £0.04 0.29 £0.00
Kanel Nayki Darou Nema
Soil + compost 8.61 +0.02 0.21+0.01
Soil + manure 8.81+£0.09 0.34+0.01
Nayki Mango
Soil + compost 8.06 £ 0.02 0.33£0.05
Soil + manure 8.5+0.00 0.17+0.01
Rignadé
Soil + compost 8.8+0.01 0.14 £ 0.00
Soil + manure 8.28 £0.00 0.23+0.01
Boulone
Soil + compost 8.72+£0.05 0.13+0.01
Podor
Soil + manure 8.76 £ 0.08 0.12+£0.00
Boké Dieguess
Soil + compost 8.59 +0.07 0.12+£0.00
Soil + manure 8.23 £0.00 0.07 £0.00
Baala
Soil + compost 8.84+0.11 0.08 £0.01

3.3. Application of Compost to the Soil

Figure 2 shows the total organic matter content in cultivated soils where manure (goat or cow)
and compost produced by residents has been applied in the communities studied. In Kanel notable
increase in organic matter in the soil with compost compared to the control (with goat manure),
except Nayki Mango; this is attributed to the high amount of manure applied to the control soil,
which was observed to be very large in the sampling. For the communities of Podor, there is also a
general increase in organic matter in soils with compost compared to the control, except in Boké,
where there is a decrease. The case of Baala stands out because, although there is an increase in
organic matter, the levels are much lower than in the rest.
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Figure 2. Total organic matter for both the control (soil+manure) soil and the soil with compost sampled in

January 2025 in Kanel and Podor. Values represent the mean + SE (n = 3.

Table 6 presents the results of the pH and EC analyses for both the control soil (soil+manure)and
the soil with compost in Kanel and Podor. The pH analysis shows a very large increase compared to
previous campaigns and to bibliographic values for Senegal (Hernandez et al., 2021). This increase is
justified by several factors or the combined action of all of them, including the application of basic
compost or irrigation with carbonated water. During this last visit, the soil had just been fertilised
and irrigated, which generates processes that can cause some results to vary, as is the case here. As
seen above, the pH of the compound was high, which may indicate the presence of ammonia. When
ammonia is incorporated into the soil under basic conditions such as those given, it can be
transformed into ammonium ions by capturing protons from the soil, thus increasing the pH (Liang
et al., 2006; Sawyer & P.L., 1978). The increase in pH is not attributed to the exclusive application of
the compost, because it increases similarly in both composted and control soils. Therefore, it is
attributed to the presence of ammonium resulting from the organic materials that has been used in
both the control soil (with manure) and the compost. In addition, the decomposition of organic matter
can form bicarbonates due to microbial respiration and contribute calcium and magnesium, which
can increase soil pH (Klopp, 2023). It may be that some other type of management by farmers in the
area has caused this increase in pH.

Electrical conductivity in the Kanel region is high in the Nayki Mango community and in the
Nayki Darou Nema control soil, exceeding 0.2 dS/m (Porta et al., 1986), and therefore may present
salinity problems. In the other communities, the EC is close to the threshold value but is considered
normal due to the recent application of compound, which can increase it. For the Podor region, all
soils are below 0.2 dS/m or very close to it, therefore it is considered that there are no EC problems.

Table 7 shows the results of the nutrient analyses sampled in January 2025 in Kanel and Podor.
The Mg and Mn levels are within the normal range for sandy soils (Mengel et al., 2001; Obeng et al.,
2024) but it is noteworthy that higher manganese values are found in Kanel than in Podor, as could
already be predicted in the analysis of nutrients in the compost (Table 4), where higher magnesium
and manganese values were observed in Kanel than in Podor, despite the fact that they are also higher
in the control soil. Furthermore, in Kanel, there is an increase in both nutrients in the soils where the
compost has been applied compared to the control, while in Podor we find very similar values for
the two treatments. On the other hand, the P and K values are higher than those found in other areas
of the country (Herndndez et al., 2021; Tomislav et al., 2017), where the high values of Nayki Mango
stand out. In the communities of Kanel, the application of compost has improved the phosphorus,
potassium and sulphur values compared to the control soil, while in Podor, in some cases, the
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concentration of these nutrients is higher in the control soil than where compost has been applied.
This result could be predicted in the nutrient analysis of the compost (Table 4), where potassium
values were much higher in compost from Kanel than in Podor.

Table 7. Analysis of nutrients and elements in soil sampled in January 2025 in Kanel and Podor. Values represent

the mean + SE (n = 3). EC, electrical conductivity.

P Zn

Department |[Community [Treatment ( g/f(?Og) &/ 1I;0g) ( g/l;%%g) (mlt:/nkg) o/ 1?10{;) (g{gl)OO (mfg:/l;g) (mf/kg
rarouwel fpanure | 02520015 [poss=0008 S0 | P oo soonyin Y 0 G

R Bl e e G [T Th o e
Soil | tesoo | 0086% | 0072= [13031x | 0021+ (00164 414+ (1280«

o fopouepimen L2002 | i | o | o) o o] o |
compost | 010£0011 010320009 000 | o | 0000 | 0003| 035 | 187
e ] e [ e
Soil 4 03320005 031620008 0167% | 30559+ 0.057+ [0.056+] 1066+ 5402+

compost 0012 | 2794 | 0007 |o002| 091 | 277

e e oroand a2 o] Gt o

Ll 2 T e e R A
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Dieguess | mpost | C12*0017 004320002 05 | Tsag | o001 |o0002| 029 | 071

e wamow | o | U [ o poed i

il e T e A A AR R

Neither treatment in any of the communities where it has been applied exceeds the maximum
levels zinc or copper for considering the soil to be contaminated (CCME, 2007). Therefore, it is
considered that there is no contamination, but it should be noted that the application of compost has
increased copper levels in both Kanel and Podor. It has also increased zinc levels in Kanel, which,
although not problematic, must be monitored, as perhaps long-term application of compound could
accumulate higher levels of these contaminants and cause problems. The Figure 3 shows the results
of the total nitrogen analysis for Podor and Kanel.

An increase in nitrogen content is observed in soils treated with compost compared to control
soils in the Kanel region, but no improvements are observed in Podor, where the high content in the
control soil in Baala stands out. The lower nitrogen content of the soils could be due to the lower
nitrogen content of the fertilisers, as shown in Table 4. However, it could also be due to agricultural
practices, and soil and climate conditions that consumed or did not favour the maintenance of
nitrogen in the soil, or a combination of both factors.
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Figure 3. Total nitrogen analysis for Podor and Kanel. Asterisks indicate significant differences between the

control (soil + manure) and soil with compost. Values represent the mean + SE (n = 3).

5. Conclusions

The design of the composters and the composting process have been adequate in most
communities, as the temperatures required for sanitization have been reached. The compost obtained
has basic pH, electrical conductivity, and nitrogen values comparable to other composts, and normal-
low phosphorus and potassium levels. In general, soils studied have sandy textures and medium to
low organic matter content. They therefore have low fertility, justifying the need for improvement
measures. Furthermore, none of the soils studied show Cu and Zn contamination. The application of
the compost obtained has improved soil properties. At Podor, an increase in total organic matter and
oxidisable organic carbon levels has been observed. Meanwhile, at Kanel, notable improvements
have been observed in the parameters of total organic matter, total nitrogen, potassium, phosphorus,
magnesium and manganese, with an overall improvement in soil health and therefore crop
production.

Supplementary Materials: The following supporting information can be downloaded at: Preprints.org, Figure
S1. Spatial images of the different communities obtained from Google Earth. The red polygons show the study
plots. Scale Bars = 100 m. Figure S2. Photographs of the study plots where the obtained compost was applied.
Figure S3. Photographs of the composters from Nayki Mango (A), Rignadé (B), and Baala (C, D). E) shows the
interior view of the PVC pipes of Baala’s composter, and F) shows a top view of the empty composter of Nayki

Darou Nema. Panel G shows the digital thermometer of Gnarouwel Abdi.
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