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	ABSTRACT : This study assessed the physicochemical and agronomic quality of three composts (C1, C2, C3) produced from compostable food waste, with the aim of promoting them as organic soil amendments. Analysis of the end products made it possible to characterise their maturity degree, nutrient content and trace metal content. The three-phase temperature evolution during composting was consistent with the proper composting process for all three composts. Moisture levels during composting ranged from 50% to 60% at the end of composting, which is the ideal range for mature compost. The composts had a slightly alkaline pH and were very rich in organic matter, with contents well above 20%. They are a significant source of essential plant nutrients, particularly nitrogen (N) and phosphorus (P), thus contributing to improve soil fertility and water retention capacity.  The results also showed that the three composts reached an excellent level of maturity and stability. Indeed, the final C/N ratio, around 18 for the three composts, was within the ideal range for mature compost, indicating advanced humification and good mineralisation of the organic matter. Analysis of trace metals (Zn, Cu, Cr, Ni, Pb) revealed concentrations for most metals that remain low overall.  Germination tests carried out on peppers and spinach showed germination rates of over 50% for all samples. This work demonstrated that composting is an effective solution for the sustainable management of biodegradable household waste. The compost produced is a high-quality, stable and nutrient-rich soil that can sustainably improve soil health and support environmentally friendly urban agriculture.
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1. INTRODUCTION

Solid waste management is one of the most concerning environmental issues, especially for cities in developing countries where waste collection services have not kept pace with rapid population growth and increasing urbanisation (Rucakumugufi and al., 2021). Waste production will set to triple in sub-Saharan Africa and double in South Asia. Estimations show that these two regions will account for 35% of the waste produced globally in 2050 (Rhouma, 2019). In the Republic of Congo, household waste management is a pressing issue in all cities across the country in general, and in Pointe-Noire and Brazzaville in particular. In recent years, Congolese cities have been confronted with numerous problems linked to rapid urbanisation, the consequences of which in terms of household waste management and sanitation are very worrying, whereas controlling these problems would help to reduce unsanitary conditions in these urban areas (Perry and al., 2025). Alongside this situation is the excessive growth of the urban population and environmental degradation (Moundza and al., 2020). In Brazzaville, residents face significant difficulties in the daily management of their household waste, which remains an obvious source of numerous diseases due to the lack of structured public dumps and landfills (Mabiala and al., 2023). Added to this are phenomena such as erosion, which leads to a decrease in the organic matter content of soils, causing a decline in their fertility. To ensure good health and environmental conditions, alternatives for waste recovery must be implemented. These mainly include composting, methanisation and incineration. Of all these technologies, composting appears to be both an eco-technology and a low-cost technology (Garba and al., 2020). Compost produced from waste can partially or totally replace chemical fertilisers, as the application of the latter improves yields. The use of waste in the form of compost could help combat this trend towards soil degradation. It is generally accepted that waste-based composts contribute to soil organic matter maintenance, thereby improving its physical, chemical and biological properties, and that they provide fertilising elements to crops (Adjout and al., 2020). The importance of compost in improving the physical properties of soil stems from its positive effects on aggregate stability, water retention capacity and soil aeration (Denis, 2024). Compost provides the soil with organic matter that is more or less stabilised depending on the degree of maturity of the product. Approximately half of the organic carbon added in this way is permanently incorporated into the soil and forms what is known as stable humus. This humus improves soil structure (Bicaba, 2017). This has a positive effect on water regulation in amended plots, reduces the effects of erosion and improves soil aeration (Badji, 2020). Similarly, the use of compost in agriculture could also help combat the additional greenhouse effect by sequestering carbon in the soil (Bicaba, 2017). The aim of this study is to evaluate the capacity of three types of compost made from solid household waste for efficient use in agriculture as a soil amendment.

2. MATERIALS AND METHODS

2.1. Study site
This study was conducted in Brazzaville, Republic of Congo. Located in the heart of the equatorial forest, the Republic of Congo covers an area of 342,000 km². Brazzaville city covers an area of 263.9 km² and is located on the right bank of the Congo-Brazzaville River. It is divided into nine districts, starting with Makélékélé, followed by Bacongo, Poto-Poto, Moungali, Ouenzé, Talangai, M'filou, Madibou and finally Djiri. Brazzaville is the most populous city in the Republic of Congo, with a population growth rate of 8.9% between 2007 and 2015, giving it a population of 2,145,783 inhabitants in 2023 and a population density of 3,646.81 inhabitants per km² (INS, 2023). It is bordered to the north by the Djiri River, to the south by the Tsagamani River at a latitude of 4°15', to the east at a longitude of 15°14' and to the west by the Congo River and the Djouari River in the district of Ngoma Tsé-Tsé (Kimbatsa et al., 2018).
2.2. Experimental material

The material used consists of compostable waste, namely vegetable scraps, banana peels, dry matter (dead leaves, sawdust), eggshells, poultry droppings and rabbit manure, and peels (from pineapples, cucumbers, watermelons, aubergines, and cassava roots).
2.3. Methodology adopted


The waste was collected at random from different neighbourhoods in Brazzaville. It was then carefully collected, sorted and weighed before being placed in different windrows. The method used is windrow composting, which involves naturally aerating successive layers of compostable fractions. This is a large-scale composting method that involves forming long piles (called windrows) of organic matter on a flat surface. This technique is widely used for treating large volumes of organic waste, such as agricultural residues. When forming windrows, compostable materials are added in successive layers. The frequency of turning was determined based on temperature changes. Turning was carried out in the 3rd, 4th, 5th, 8th, 9th, 10th, 12th and 16th weeks in all windrows. They were then watered with tap water until the leachate drained away. The windrows are covered with a 6-metre-long sheet to prevent excessive evaporation and also to protect them from the elements. Turning is carried out according to the temperature of the windrows.
2.4. Windrows composition 
Three (03) windrows were set up: Windrow-Compost C1 (Figure 1), Windrow-Compost C2 (Figure 2) and Windrow-Compost C3 (Figure 3). A total of 12 layers were formed, with a total weight of 270 kg for           Windrow-Compost C1, 266 kg for Windrow-Compost C2 and 263 kg for Windrow-Compost C3. The compositions of composts C1, C2 and C3 are summarised in Table I, Table II and Table III respectively.
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Figure 1 : Compost C1 windrow 
	
Table I :  Mass composition of Compost C1


	
		Waste
	Waste weight (Kg)
	Waste total weight

	Checkerboard sheets
	6,25
	





270 Kg

	Sawdust wood
	10
	

	Poultry droppings
	31,5
	

	Banana peels
	55,25
	

	Sweet potato peelings
	12
	

	Watermelons
	40
	

	Papaya peels
	10
	

	Carrots
	15
	

	Vegetables
	25,5
	

	Cassava leaves
	9,5
	

	Eggshells
	9
	

	Cassava stems
	30
	

	Spring onion scraps
	10
	

	Peanut shells
	6
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Figure 2 : Compost C2 windrow 
	
Table II :  Mass composition of Compost C2


	Waste
	Waste weight (Kg)
	Waste total weight

	Dead leaves
	7,5
	



266 Kg

	Cassava root peels
	110
	

	Poultry droppings
	30
	

	Rabbit manure
	17
	

	Vegetables
	55,5
	

	Cassava stems
	4,5
	

	Ananas peels
	27,5
	

	Cucumbers +
aubergines
	14
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           Figure 3 : Compost C3 windrow
	   Table III : Mass composition of Compost C3

	Waste
	Waste weight (Kg)
	Waste total weight

	Vegetables
	70,75
	



263 Kg

	Spring onion scraps
	25,25
	

	Cassava stems
	37
	

	Dead leaves
	11,75
	

	Sawdust wood
	15
	

	Peanut shells
	4,5
	

	Eggshells
	5
	

	Poultry droppings
	25,5
	

	Banana peels
	47,5
	

	Aubergines + Cucumbers
	20,75
	





2.5. Physicochemical parameters of soil samples
[bookmark: _Toc177514236]2.5.1. Temperature
The temperature was measured every two days, taking three readings in different positions for each compost using a probe thermometer. One reading was taken in the centre and the others around each compost. The pile temperature corresponds to the average of the three readings.

2.5.2. pH
The pH was determined by taking 10 g of compost using a balance, transferring it to a 250 ml Erlenmeyer flask and adding distilled water. The mixture was stirred for one hour using a magnetic stirrer with a magnetic bar. The pH meter probe was then immersed in the compost/water solution after decanting. Finally, the pH was measured using a Water Quality Meter EZ9908 pH meter.

[bookmark: _Toc177514239]2.5.3 Humidity rate
The moisture content of the substrate was measured by drying a mass of fresh compost (M1) for 24 hours at 105 °C in an oven. After drying, the dry mass (M2) was weighed. The moisture content was then calculated using the following formula:

Avec :
 M1 (g) : Fresh weight before drying
 M2 (g) : dry weight after drying
[bookmark: _Toc177514240][bookmark: _Toc177514241] T% : water content


2.5.4. Organic carbon and organic matter
The organic matter content is deduced from the carbon content in the soil. This content is determined using the Walkley and Black method. To do this, a small amount of finely ground soil is placed in an Erlenmeyer flask. Then 10 ml of potassium dichromate and 20 ml of concentrated sulphuric acid are added. The mixture is stirred for 1 minute and then left to stand for 30 minutes. 100 ml of distilled water is added to the mixture with 10 ml of phosphoric acid and then 11 drops of coloured indicator (diphenylamine). The excess dichromate is titrated with the Mohr's salt contained in the burette under magnetic stirring until the equivalence point is reached. The equivalence volume is read on the burette. The carbon and organic matter content is calculated as follows:

Carbone rate : %C= 3,9*10*(Vt -Ve) /Vt*m*10
Organic matter rate : %MO = %C * 1,72


Avec :
 Vt : Volume equivalent to the amount of Mohr's salt added for the blank titration
 Ve : Volume equivalent to the Mohr's salt poured for the analysis of our soil sample
 m : mass of soil removed

2.5.6. Major elements (nitrogen, phosphorus)
Nitrogen was measured using the Kjeldahl method. The process involved mineralising the plant material using concentrated sulphuric acid. The nitrogen was recovered in the form of ammonium and then distilled in the form of ammonia before being measured volumetrically. The nitrogen content was calculated using the following formula: 

Avec : 
%N : Nitrogen content
VH2SO4 : Volume of sulphuric acid (the titration solution) in ml
m : Mass of mineralised sample in g

The phosphorus content is measured by placing 0.5 ml of the mineralised solution, 10 ml of distilled water and 3 ml of Murphy and Riley reagent in a pill bottle. The mixture is left to stand for 30 minutes to allow the colour to develop. The spectrophotometer is then calibrated at 660 nm and the phosphorus content is measured. The phosphorus content is calculated using the following formula:

Avec :
Cread : Concentration in mg/l read on the curve for the sample
Cblank : Concentration in mg/l read on the curve for the blank
m: Mass of mineralised sample in g


2.5.7. Secondary elements (Ca, Mg, K, Na)

Calcium and magnesium were measured using the volumetric method. These measurements were carried out by titrating the excess ethylenediaminetetraacetic acid (EDTA) contained in the burette under magnetic stirring. Sodium and potassium were measured using flame spectrometry. The process involved mineralising the plant material with concentrated hydrochloric acid. Sodium and potassium were measured in the mineralised solution using lanthanum (La2O3) solution and a Sherwood spectrometer.

2.5.8. Trace Metal Elements (TME)

The analyses were performed using a Bruker S1 Titan 600 XRF (X-ray fluorescence spectrometer) analyser, version 2.3.48 267. The device settings, calibration and analyses were performed using Bruker Remote software via a computer.

2.5.9. Germination tests

These tests assess the effect of compost on the germination capacity of two crops (peppers and spinach). To do this, 10 seeds from each crop were sown in trays containing sand alone, compost mixed with sand, and compost alone. The substrate was distributed in the trays at a rate of 900g per tray: The proportions were as follows: 1/3 compost and 2/3 sand; 2/3 compost and 1/3 sand; 1/2 compost and 1/2 sand; 3/3 compost; 3/3 sand (control). The germination tests establish a relationship between the amount of compost and the germination rate.



3. RESULTS AND DISCUSSION



3.1. Initial composts compositions
The composition of the raw materials is the determining factor that influences the entire composting process. Compost C1 (270 kg) is very diverse. It contains nitrogen-rich materials (known as ‘green’ materials) such as poultry droppings (11.7%) and fruit and vegetable peels (bananas, potatoes, watermelons, papayas, carrots…, accounting for more than 50% of the mass). It also includes carbon-rich materials (known as ‘brown’) such as sawdust (3.7%), cassava stems and peanut shells to structure and aerate the windrow. The presence of eggshells provides calcium, which acts as a pH buffer. Compost C2 (266 kg) is dominated by cassava root peels (41.4%), an important source of carbon. Nitrogen is provided by poultry droppings (11.3%) and rabbit manure (6.4%), which are very effective activators. Dead leaves and cassava stems serve as structuring agents. Compost C3 (263 kg) is characterised by a high proportion of vegetables and spring onion scraps (around 36.5%) and banana peels, which are rich in water and rapidly degradable nutrients. Nitrogen is provided by poultry droppings (9.7%). Sawdust (5.7%) and dead leaves provide the carbon needed to balance the C/N ratio and ensure good aeration. The three composts appear to be well balanced with a systematic presence of nitrogen sources (poultry droppings, manure) and carbon sources (sawdust, leaves, stems).

3.2 Composts physicochemical parameters evolution during composting


In this section, we analysed the composting process effectiveness for the three windrows over a period of 16 weeks. The study focused on interpreting the evolution of three key physical and chemical parameters: temperature, pH and humidity rate. These parameters are crucial indicators of microorganisms metabolic activity and enable us to assess the evolution of the process and the maturity of the final compost.


3.2.1. Temperature evolution during composting


Analysis of the compost temperatures evolution during composting (Figure 4) reveals a classic three-phase thermal evolution, consistent with the model described by Haug (1993), indicating that the process is evolving adequately for all three The mesophilic phase (Week 0) starts with initial temperatures between 28°C and 32°C, significantly higher than the ambient temperature. This difference confirms the immediate initiation of metabolic activity by mesophilic microorganisms, which begin to break down the most labile organic substrates (sugars, starches), as reported by Garba and al. (2020). Concerning the thermophilic phase (weeks 1 to 8), this crucial phase, characterised by intense microbial activity, ensures both accelerated material decomposition and compost hygienisation (Sore and al., 2021). The three windrows reached the thermophile threshold (>55°C), ensuring the destruction of pathogens and weed seeds (Bicaba, 2017). In the thermophilic phase, Compost C1 reached a peak of 62°C in the second week and remained above 50°C for four weeks, demonstrating intense microbial activity and effective hygienisation. In the thermophilic phase, Compost C2 showed the fastest rise in temperature, reaching 60°C in week 1, followed by a second peak at 61°C in week 5. This kinetics suggest a very rapid initial decomposition of easily degradable materials, probably due to high nitrogen availability (droppings, manure), followed, after turning, by the degradation of more recalcitrant substrates. In the thermophilic phase, Compost C3 showed a more gradual rise, peaking at 57°C in week 4, but still reaching the threshold required for proper hygienisation. This rise in temperature results from the high exothermic activity of the microorganisms degrading the organic matter, in line with the work of Chelah and al. (2018) and Toundou and al. (2021). Finally, during the cooling and maturation phase (weeks 9 to 16), a gradual decrease in temperature was observed, a direct consequence of biodegradable substrates depletion, leading to a slowdown in microbial activity (Chennaoui and al., 2016). In week 16, windrow temperatures stabilised between 29°C and 31°C, close to the ambient temperature (26.25°C). This stabilisation indicates the end of the active decomposition phase and the beginning of the maturation phase, where humification processes predominate, as described by Biekre and al. (2018).


	




                               Figure 4: Temperature evolution during composting

3.2.2. pH evolution during composting


Figure 5 shows the composts pH results during composting. During the acidification phase (Week 0), the initial pH levels of the composts (C1, C2, C3) were slightly acidic (5.5 to 5.8). This acidity is normal and due to organic acids formation by microorganisms during the degradation of sugars and simple carbohydrates (Martins, and al., 2023). This result is consistent with the work of Tahraoui Douma and al. (2023), who showed that at the beginning of the composting process, the pH is acidic due to the production of organic acid during the degradation of organic matter. During the alkalisation phase (weeks 1 to 12), a rapid and significant increase in pH was observed in the three composts, which reached alkaline values (peaks between 8.8 and 8.98). This phase is due to proteins and amino acids mineralisation, which releases ammonia (NH₃), a gaseous and alkaline compound (Li and al., 2023). The high concentration of nitrogenous matter (poultry droppings) explains this high alkalisation. During the neutralisation/maturation phase (weeks 13 to 16), at the end of the process, pH tends to decrease slightly and stabilise around 7.5 - 8.0. This decrease is due to nitrification (the conversion of ammonia into nitrates) and humic acids formation, which characterise mature and stable compost (Yu and al., 2024). At the end of experiment, the pH stabilises and becomes slightly alkaline, characteristic of a pH (7-8) of mature compost (Lalremruati and al. 2023).



                                        Figure 5: Temperature evolution during composting

3.2.3. Humidity rate evolution during composting


Figure 6 shows the compost humidity rate evolution during composting. Water content is a key parameter that governs the composting process efficiency. Rigorous humidity control is essential to prevent the onset of anaerobic conditions in the event of excess moisture, or conversely, inhibition of microbial metabolic activity due to water stress. At the start of the process (week 0), the three composts (C1, C2, C3) had high moisture levels, ranging from 75% to 78.5%. These values, which are above the recommended optimal range of 50-60%, are attributable to the the initial substrates nature (Assoh and al., 2025). Despite this high level, the presence of structuring agents likely maintained sufficient aeration. In line with the expected course of the process, a gradual decrease in moisture was observed for all composts over the 16 weeks. This reduction is mainly due to two factors: intense evaporation generated by the exothermic activity of the thermophilic phase and the assimilation of water by microorganisms for their metabolic needs (Finore and al., 2023). The humidity decrease is a reliable indicator of the proper progress and advancement of composting, as highlighted by Gnimassoun and al. (2020). At the end of the experiment, the final water contents were 49.6% for C1, 59.5% for C2 and 57.3% for C3. These values fall within the ideal range for mature compost, ensuring both biological stability and ease of handling. The variation range observed during our study (approximately 49% to 78%) is close to the ranges reported by Koledzi and al. (2011) and Gnimassoun and al. (2020), which range from 40% to 65%. The discrepancy with other studies, such as those by Compaoré and al. (2010), which measured lower initial rates (40-45%), can be explained by fundamental differences in the heterogeneity and intrinsic composition of the organic waste treated.



                                        Figure 6: Humidity rate evolution during composting
3.3 Composts physicochemical parameters at the end of composting process

The physicochemical composition of the composts at the end of the composting process is shown in Table IV. These results show that most of the elements measured in the composts comply with French standard AFNOR NFU 44 and FAO recommendations, which regulate the physicochemical and agronomic quality of composts.

           Table IV: Physicochemical composition of composts at the end of composting process

	Parameters
	Composts
	Standard
	Standard

	
	C1
	C2
	C3
	NF U 44 051
	FAO

	pH
	7,99±1,00
	7,85±1,02
	8,05±0,41
	06 - 09
	-

	orgC (%)
	20,81±1,14
	18,92±1,10
	15,32±1,02
	≥ 10
	10-17

	OM (%)
	35,79±1,96
	32,54±1,89
	26,35±1,7
	>  20
	10-30

	Nt (%)
	1,19±0,34
	1,06±0,16
	0,83±0,14
	< 3
	0,4-0,5

	P (%)
	0,26±0,09
	0,25±0,10
	0,53±0,09
	 >  0,3
	0,1-1,6

	C/N
	18,85±6,64
	18,07±1,97
	18,65±1,93
	 >  8
	15-20

	Ca (%)
	2,59±1,11
	3,60±0,57
	1,20±0,24
	-
	-

	Mg (%)
	0,24±0,02
	0,28±0,04
	0,36±0,04
	 < 1
	-

	K (%)
	0,29±0,10
	0,31±0,09
	0,31±0,09
	< 0,3
	0,4-2,3

	Na (%)
	0,08±0,02
	0,09±0,02
	0,08±0,03
	< 6
	-

	Zn (mg/kg)
	96±0,05
	87±0,05
	145±0,05
	
	

	Cr (mg/kg)
	7±0,05
	3±0,05
	3±0,05
	
	

	Cu (mg/kg)
	13±0,05
	13±0,05
	18±0,05
	
	

	Pb (mg/kg)
	10±0,05
	15±0,05
	13±0,05
	
	

	Ni (mg/kg)
	4,35±0,05
	4,21±0,05
	3,17±0,05
	
	

	CEC(cmol/kg)
	22,96±1,95
	21,97 ±1,87
	20,59 ±2,28
	-
	-

	COD
	201,82±11,2
	204,85±7,63
	226,35±12,22
	-
	-










3.3.1. pH values 	of compots at the end of composting process

At the end of composting process, the pH values for the three composts (7.99 for C1, 7.85 for C2, and 8.05 for C3) are slightly alkaline and fall within the range specified by standard NF U 44-051 (6 to 9). A neutral to slightly alkaline pH is typical of mature compost. During the early stages of composting (mesophilic and thermophilic phases), the breakdown of organic acids caused a decrease in pH. Subsequently, the mineralisation of organic nitrogen released ammonia (NH3), which causes an increase in pH (Lakab, 2018). The values obtained suggest that the compost reached a maturation phase where the pH stabilised. The pH appears to be an indicator of the maturity of an organic substrate intended for use in agriculture in accordance with the FAO Standard and NFU Standard 44-051.


3.3.2. Organic matter (MO) and organic carbon (orgC) contents of compots at the end of composting process

The organic matter (OM) content is high for all three composts (35.79% for C1, 32.54% for C2, and 26.35% for C3), exceeding the recommendations set by the FAO (10-30%) and NF U 44-051 (>20%). This confirms their excellent potential as soil amendments to improve soil structure and fertility. However, statistical analysis reveals a significant difference: Composts C1 and C2 have significantly higher OM and organic carbon contents than compost C3. This difference can be explained by the raw materials. Compost C2, for example, contained a large amount of cassava roots peels (110 kg), rich in lignin and cellulose, compounds that degrade more slowly and contribute to a higher final organic matter content. Compost C3 was mainly composed of vegetables (70.75 kg) and spring onion scraps (25.25 kg), which are highly fermentable and rich in water, degrading more quickly and completely, resulting in greater mass loss (Meddich, 2016). It should be noted that organic matter is calculated directly from organic carbon using a conversion coefficient, generally OM = OC x 1.724. Consequently, trends observed for carbon are proportionally identical for organic matter. The organic matter contents were 35.79±1.96%, 32.54±1.89% and 26.35±1.7% for composts C1, C2 and C3, respectively. These contents are much higher than those obtained by Compaoré and al. (2010) in Ouagadougou, Burkina Faso, and lower than those found by Dieng and al. (2019) in Dakar, Senegal, Mamo and al. (2021) in south-western Ethiopia, and Ntalani and al. (2020) in Brazzaville, Congo. These differences may be related to composted waste nature, time and period of composting, but also to compost maturation. The organic matter content in this compost complies with the FAO recommendations (10-30%) and is lower than the French standard (> 20%).


3.3.3. Nitrogen contents in compots at the end of composting process

Total nitrogen contents (1.19% for C1, 1.06% for C2, 0.83% for C3) are higher than FAO recommendations (0.4-0.5%) and comply with standard NF U 44-051 (< 3%). Nitrogen is an essential nutrient for plants. The presence of poultry droppings (rich in nitrogen) in the three composts contributed significantly to these good levels. The values obtained are consistent with the work of Useni and al. (2014) in Lubumbashi in the DRC, Tibu and al. (2019) in the municipality of Ga West in Ghana, and differ from the work of Dieng and al. (2019) in Dakar in Senegal, Moldes and al. (2007) in La Coruña, Spain. This increase in nitrogen could be attributed to carbonated organic compounds substantial decomposition (Meddich, 2016) and the nitrogen-fixing effect of bacteria (Rezki and al., 2022).


3.3.4. Phosphorus contents in compots at the end of composting process

Phosphorus is crucial for root development and flowering. Compost C3 has the highest and significantly different content (0.53%), exceeding the threshold of standard NF U 44-051 (>0.3%). C1 and C2 (0.26% and 0.25%) have lower contents. This significant difference could be related to the composition of the raw materials. Vegetables and food waste, which are present in large quantities in compost C3, are often good sources of phosphorus. These results are similar to those of Saha and al. (2010) in various cities in India, Compaoré and al. (2010) in Ouagadougou, Burkina Faso, and Koledzi and al. (2011). However, in Lubumbashi in the DRC, compost with a higher total phosphorus concentration was obtained by Baboy Longanza and al. (2015). This difference may be related to the nature of the composted waste and its maturity.


3.3.5. Carbon/nitrogen (C/N) ratios in compots at the end of composting process

The C/N ratio is an excellent indicator of compost maturity. The values obtained (18.85 for C1, 18.07 for C2, and 18.65 for C3) are very consistent and fall within the ideal range of 15-20 recommended by the FAO. A C/N ratio below 20 generally indicates mature compost, where carbon has been sufficiently degraded and nitrogen is present in a stable form, thus avoiding the phenomenon of ‘nitrogen starvation’ when applied to the soil (Montaigne and al., 2018). The results obtained are 18.85±6.64, 18.07±1.97 and 18.65±1.93 respectively for composts C1, C2 and C3. All compost samples analysed gave a C/N ratio ≥ 10, characteristic of mature compost. These results are similar to those found by Mamo and al. (2021) in south-western Ethiopia, Konaté and al. (2018) in Daloa in west-central Côte d'Ivoire. However, this differs from the work of Dieng and al. (2019) in Dakar, Senegal. This difference may be related to an imbalance in the C/N ratio of the substrate to be composted due to low microbial degradation. Furthermore, the C/N ratio is increasingly used to assess the mineralisation process of organic matter, but also as an indicator of compost maturity and nitrogen cycle (Saha and al., 2010). These results comply with standard NF U 44-051 (>8) and indicate good humification.


3.3.6. Contents of secondary elements (Ca, Mg, K, Na) in compots at the end of composting process


For calcium (Ca), compost C2 stands out with the highest content (3.60%), probably due to the combination of rabbit manure and cassava peels. Calcium is essential for the structure of plant cell walls. For magnesium (Mg), compost C3 has the highest concentration (0.36%), which is beneficial because magnesium is at the heart of the chlorophyll molecule. All values comply with the standard (<1%). For potassium (K), the levels are similar for the three composts (around 0.30%). Compost C1 does not quite comply with the NF U 44-051 standard (<0.3%), but the value is very close. Potassium is vital for regulating water in plants. Finally, for sodium (Na), the concentrations are very low (0.08% - 0.09%), which is an excellent indicator of quality. Excess sodium can be toxic to plants and degrade soil structure. These results are consistent with those found by Baboy Longanza and al. (2015) in Lubumbashi, DRC. They obtained macronutrient contents below international standards. In addition, the average macronutrient contents follow the order Ca > Mg > K > Na in composts. Indeed, most composts are less rich in nutrients due to nutriments slow release needed by the cultivated plant and are considered to be increasingly environmentally friendly (Rahman and al. 2020).

3.3.7. Trace metal element contents (TME)

Zinc contents in compost C3 (145.00 mg/kg) are significantly higher than in composts C1 (96.00 mg/kg) and C2 (87.00 mg/kg). The average chromium contents is significantly higher in compost C1 (7.00 mg/kg) than in composts C2 and C3 (3.00 mg/kg each). Copper contents are significantly higher in compost C3 (18.00 mg/kg) compared to composts C1 and C2 (13.00 mg/kg each). Lead concentrations are relatively similar in all three composts. For nickel contents, compost C3 has the lowest nickel content (3.17 mg/kg), significantly different from composts C1 (4.35 mg/kg) and C2 (4.21 mg/kg). Overall, the contents of various heavy metals determined in the composts are below international standards. These results are consistent with those found by Malamis and al. (2017) in Greece and Temgoua and al. (2014) in Cameroon. The contents of certain heavy metals (Zn, Cu and Pb) determined are lower than those obtained in Burkina Faso and Togo (Compaoré and al., 2010; Toundou and al. 2021). Furthermore, TME contents determined in different composts follow the order Zn > Cu > Pb > Cr > Ni. Indeed, zinc, copper and nickel are necessary in small quantities in composts, but in larger quantities they can accumulate in the soil, inhibit plant growth and contaminate the human and animal food chains (Rahman and al. 2020).
3.4. Germination rates

Germination tests are used to establish a relationship between compost amount and germination rate. Germination tests are carried out on two species: peppers and spinach (Figure 7 and Figure 8). Four treatments are then applied: T0 (soil only), T1 (1/3 compost and 2/3 soil), T2 (1/2 compost and 1/2 sand), T3 (2/3 compost and 1/3 sand) and T4 (compost only). For all treatments, the germination rate is above 50%. However, treatment T4 had a negative effect on spinach germination (below 50%) (Chennaoui and al., 2016). A high dose of compost therefore has a negative influence on seed germination and plant growth. Compost is considered non-toxic when the germination rate exceeds 50% (Assoh and al., 2025). The germination rate is highly dependent on the nature of the seed (Rachid and al. 2023). Thus, compost can be phytotoxic to one plant and beneficial to another. All composts are considered non-toxic when their germination rates exceed 50% (Toundou and al., 2021). The absence of phytotoxic compounds in compost is related to its maturity and the composting process duration (Qian and al., 2014). Phytotoxicity is measured by germination and growth tests to evaluate the aerial part and sometimes the root mass (Mahapatra and al., 2022).




          Figure 7: Pepper germination rate                                                   Figure 8: Spinach germination rate

4-CONCLUSION
The main objective of this study was to assess the feasibility of recycling solid household waste from the city of Brazzaville through windrow composting, and to characterise the physicochemical and agronomic quality of the compost obtained for use as a soil conditioner. Physicochemical parameters analysis of the three types of compost (C1, C2 and C3) revealed mature and stabilised end products. The high organic matter content (above 20%) and essential nutrients contents such as total nitrogen and phosphorus confirm the fertilising potential of these composts. In addition, the significant decrease in the C/N ratio, reaching values below 20, indicates good humification of organic matter. In terms of health safety, the analysis of trace metals (Zn, Cr, Cu, Pb, Ni) showed generally low concentrations, well below the thresholds set by international standards (such as the French standard NF U 44-051). Germination tests carried out on peppers and spinach revealed germination rate above 50%. This result is crucial because it guarantees that the use of these composts would not pose a risk of soil pollution or contamination of the food chain. At the end of our study, the results obtained confirm that composting is an ecological and effective alternative for the sustainable management of household waste in the local context. This study demonstrates that compostable household solid waste can be transformed into high-quality organic fertiliser capable of improving the fertility of degraded soils, reducing dependence on expensive imported chemical fertilisers, and sequestering carbon in the soil. The establishment of larger-scale composting facilities could thus offer a twofold solution: on the one hand, addressing the pressing challenge of urban unsanitary conditions and, on the other, supporting more sustainable and resilient agriculture.
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