


Physicochemical and microbiological characterization of composts derived from mango residues produced in Korhogo, Northern Côte d’Ivoire, for their application as organic fertilizers in vegetable cropping systems.


Abstract 
Background: Mango is highly perishable and difficult to store, which results in considerable post-harvest losses and the accumulation of unutilized waste. Composting these residues represents an ecological strategy to restore soil fertility. 
Methods: This study aimed to valorize mango residues through compost production, in order to assess their fertilizing potential and contribute to reducing post-harvest losses. The experiment was conducted in Korhogo, Northern Côte d’Ivoire. Two types of composts (C1 and C2) were prepared from mango residues using three composting techniques heap, pit, and bin yielding six compost variants (C1T, C2T, C1F, C2F, C1C, and C2C). Physicochemical and microbiological properties of the composts were evaluated.
Results: Physicochemical analyses revealed that the composts produced were mature and stable, with adequate concentrations of essential mineral nutrients. The heap-produced compost C1T exhibited the highest values, averaging 0.57% nitrogen, 0.83% phosphorus, and 1.92% potassium. It also showed an optimal C/N ratio of 16.67 and a slightly alkaline pH of 7.83, both favorable indicators of agronomic quality. Microbiological analyses confirmed the complete absence of pathogenic organisms, including Escherichia coli, coliforms, Staphylococcus aureus, and Salmonella spp. Compost variants produced in pits and bins, as well as C2 (composed solely of mango residues), required longer maturation periods. 
Conclusion: C1, prepared from mango residues combined with cow dung, proved to be the most effective formulation. Overall, the heap composting technique emerged as the most efficient method for valorizing mango residues and producing organic amendments capable of sustainably improving soil fertility. These findings suggest that heap composts based on mango residues enriched with cow dung represent a promising agro-ecological solution for locally addressing post-harvest losses while enhancing soil productivity in vegetable cropping systems.
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1- Introduction
Côte d’Ivoire is one of the main mango-producing countries in West Africa, with an annual production estimated at 150,000 tons in 2022. This production is mainly concentrated in the northern regions of the country (COLEACP, 2022). Today, thanks to exports to Europe, the mango sector has experienced strong growth and plays a strategic role in the local economy (Inter-Mangue, 2023). It constitutes an essential source of income for thousands of producers, traders, and processors, while contributing to the creation of rural employment (AIP, 2022). Nevertheless, the sector faces significant post-harvest losses throughout the value chain. These losses represent approximately 53.6% of production at the producers’ level, 67.2% of the quantities received by packaging units, and more than 68.3% of the quantities purchased by retailers in the Korhogo department (Ballo et al., 2025). All these post-harvest losses generate enormous quantities of waste, in particular peels, kernels, and non-marketable or rotten fruits, often abandoned in orchards or near processing units and/or in markets. These abandoned mango wastes discharged onto soils pose a major environmental challenge. These abandoned and highly perishable fruits can impact the environment and thus represent a loss exceeding 500 million CFA francs per year (Diomandé et al., 2017 ; Mulder et al., 2019). Innovations that could lead to the valorization of this waste would be very promising for improving the management of residues from mango production in Côte d’Ivoire. One of these innovative solutions is the use of this waste in composting, given that mango residues contain a high concentration of potassium, phosphorus, and nitrogen. These elements constitute the key minerals for soil fertility (Sidwaya, 2025). Waste valorization consists of creating added value from these discarded materials, with or without prior transformation (Diabaté and Achimi, 2019). It not only allows for the efficient treatment of large volumes of waste but also for the valorization of often considerable post-harvest losses. This innovation represents an approach that is both simple, ecologically and economically viable, presenting significant advantages for populations as well as for environmental preservation (Tchikama et al., 2019). It helps improve soil fertility, increase agricultural yields, reduce costs related to mineral fertilizers, and strengthen the resilience of production systems (Garba et al., 2020 ; Sidwaya, 2025). Thus, composting appears as a promising pathway for the valorization of mango waste. However, to ensure its effectiveness in agriculture, it is essential to determine its physico-chemical and microbiological characteristics before use (Mondini et al., 2003).
The present study aims to contribute to the valorization of mango residues through the production of compost from these residues, in order to assess their fertilizing value. Specifically, it seeks to: i) produce composts based on mango residues using different composting techniques; ii) analyze the physico-chemical and microbiological properties of the composts produced; iii) evaluate their agronomic potential through a phytotoxicity test.

2- Material and Methods 
2.1. Presentation of Study Area
The present study was conducted in the new district of the city of Korhogo (Figure 1). The experiments were carried out during the period from May to July 2023. The city of Korhogo has a Sudanese-type climate, with an alternation of two seasons: a long dry season, from October to May, followed by the rainy season, characterized by two peaks of precipitation in June and September. Annual rainfall varies between 1100 and 1600 mm, while sunshine reaches about 2600 hours per year. Local climatic conditions include average temperatures ranging between 24 and 33 °C. With the phenomenon of climate change observed in recent decades, there has been a profound disruption of the climatic seasons. This disruption makes it difficult to manage agricultural calendars. This phenomenon negatively affects agricultural production (MINADER, 2021). Mango cultivation is seasonal in nature, with a harvest period generally between April and early June, particularly concentrated in the northern regions of the country (Koffi, 2021).
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Figure 1: Presentation of Study Area
2.1. Composting Material 
	For the production of the different composts, two types of organic waste were used: unsold Kent variety mangoes and cow dung (Figure 2A). The Kent variety dominates the mango sector in the Korhogo department, where it is the most cultivated, demanded, and marketed (Ballo et al., 2025). It is also preferred for exploitation and export due to its organoleptic and physico-chemical qualities, notably its low water content which gives it an extended commercial shelf life (Touré, 2012). The Kent variety withstands storage and transport better and remains the reference on European markets thanks to its sweet, juicy, and low-fiber flesh, its attractive appearance, and its homogeneous size (Silué, 2022). Unsold, unconsumed, or rotten mangoes discarded were collected from mango markets, packaging units, and plantations. Cow dung was collected from livestock parks in the village of Waraniéné, located about 5 kilometers from Korhogo (Figure 2B). The wood ashes used were collected directly from traditional cooking hearths employed for artisanal bread production in Waraniéné, then spread on the soil surface to constitute a natural barrier against termite infestation.
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Figure 2: Organic Material Collected for Composting 
A: Collected Mango Waste; B: Cow Dung



2.2. Composting Methods
As part of compost production, three composting techniques were used in order to identify the most appropriate method for the treatment of mango residues. These included heap composting, pit composting, and bin composting. The composts obtained were divided into two types, according to the nature of the substrates used. Compost C1 consisted of a mixture of mango waste and cow dung. To optimize the decomposition process and limit nitrogen losses, the C/N ratio was adjusted between 25 and 30, in accordance with the recommendations of Rucakumugufi et al. (2022). Compost C2, on the other hand, was produced solely from mango waste, without the addition of cow dung. In total, 960 kg of mango waste and 290 kg of cow dung were used for compost C1, while 1248 kg of mango waste alone was used to constitute compost C2 (Table 1).

Table 1: Quantity of Materials Used in the Production of the Different Types of Compost
	
	Quantity of Substrate (Kg)

	Type of Compost
	Mango Residues
	Cow Dung

	Compost C1
	960
	290

	Compost C2
	1248
	0


C1: Mango Residues + Cow Dung; C2: Mango Residues Only
Each type of compost (C1 and C2) was prepared using the three composting techniques, heap and pit, in order to compare their respective effectiveness. This made it possible to obtain six (06) distinct composts:
- TC1: heap compost based on C1;
- TC2: heap compost based on C2;
- FC1: pit compost based on C1;
- FC2: pit compost based on C2;
- CC1: bin compost based on C1;
- CC2: bin compost based on C2.

2.2. Implementation of Composting Techniques
	The composting techniques were established in a shaded, non-flooded area located near a water source. Two heaps were built directly on the soil surface under a shed, within a delimited space of 1 m³. The technique applied was based on pit composting, as described by Kouadio et al. (2020), in integrated crop/livestock systems. For this purpose, two pits were dug, each with a volume of 1 m³. For bin composting, the layers were arranged in prefabricated wooden bins.
The materials to be composted were arranged following a stratification method. For compost C1, the setup was carried out in successive and alternating layers, namely a layer of mango waste, after partial watering, followed by a layer of cow dung. Mango waste was stacked in superimposed layers without the addition of cow dung for compost C2. This process was repeated until reaching a height of approximately 1 meter for each heap. Each compost was covered with black plastic in order to retain the heat and moisture necessary for the proper progress of the decomposition process. The different composting techniques are illustrated in Figure 3.
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Figure 3. Practice of the Different Composting Techniques Used for the Production of Mango Waste Compost
A: heap compost based on mango residues + cow dung B: heap compost based on mango residues only C: pit compost based on mango residues + cow dung D: pit compost based on mango residues only E: bin compost based on mango residues + cow dung F: bin compost based on mango residues only

2.3. Monitoring and Evaluation of Control Parameters
Each compost was turned over weekly until maturation, in order to ensure optimal aeration and allow aerobic fermentation. Specifically, the process consisted of dividing the mass into two parts: the lower part was brought to the surface, while the upper part was placed underneath. This technique makes it possible to mix the materials uniformly and to promote the decomposition process.
The evaluation of compost moisture content, at each turning, was carried out using the manual test, which consists of pressing a handful of compost and observing its reaction. Three cases were distinguished: excess water, if it flows between the fingers; optimal moisture, if the ball remains compact; and overly dry compost, if it crumbles, thus requiring watering (Dembélé et al., 2018). This test made it possible to adjust the conditions in order to promote proper decomposition. 
The monitoring of compost temperature at each turning was carried out according to the method described by Traoré (2014). It consisted of inserting a 1.5 m stick into the heap for five minutes to assess the internal heat. If the stick came out warm, the composting process was considered to be progressing well; if it was cold, adjustments were required depending on the moisture level.

2.4. Measured parameters 
2.4.1. Duration of Composting of the Composts Prepared by Composting Technique
The composting duration corresponds to the time elapsed between the placement of organic materials and the attainment of mature compost, expressed in number of days. The evaluation was based on physical observations carried out twice a month under rural conditions. Three complementary criteria were used: visual appearance (disappearance of identifiable debris), texture to the touch (transition from a sticky and fibrous state to a friable and fine structure), and internal temperature. Composting was stopped when these three parameters simultaneously indicated maturity, thereby ensuring a homogeneous, stabilized product suitable for agronomic use.

2.4.2. Physico-Chemical Characteristics of the Composts
At the end of the composting process, composite samples of each compost were collected from several points (two sides, center, surface, interior), with 100 g taken from each location. This made it possible to obtain a homogeneous composite sample of 500 g per compost. The samples obtained were dried at ambient temperature (25 °C) for 7 days, and then transported to the Laboratory of Plant and Soil Analyses (LAVESO) of the School of Agronomy (ESA) at the Houphouët-Boigny National Polytechnic Institute (INP-HB) in Yamoussoukro, Côte d’Ivoire, for analysis. The analyses determined the pH, organic matter (OM) content, levels of fertilizing elements (C, N, P, K, Ca, and Mg), the C/N ratio, as well as trace metal elements (Cu, Fe, Pb, Mn, Zn) of each compost. The pH of each compost sample was measured by mixing 10 g of compost with 25 ml of distilled water. The mixture was stirred and left to stand for 30 minutes. The pH reading was taken using a pH meter. The amount of organic matter (OM) was determined using the dry carbon measurement method described by M’Sadak et al. (2012). This method consisted of calcining the compost samples at 900 °C for 6 hours in a furnace. This procedure eliminated the organic matter, and the observed weight loss was used to calculate its content. Before combustion, the mass of the crucible was measured empty, and then again after the introduction of the samples, in order to determine their net weight by difference. After calcination, the crucible containing the calcined composts was weighed a final time to establish the residual mass. The difference in weight was used to calculate the amount of organic matter, using an adapted formula :

With, M1 : mass before calcination (mg) and M2 : mass after calcination (mg).
From the determined organic matter content, the percentage of carbon contained in the different compost samples was calculated using the following formula:

With, C : carbon ; OM : organic matter ; factor 1.8: conversion coefficient.
Total nitrogen (N) was determined by distillation according to the Kjeldahl method, while the contents of fertilizing elements and trace metals were obtained by atomic absorption spectrophotometry. The C/N ratio of each compost was established from the total carbon contained in each compost sample relative to the total nitrogen obtained, thereby allowing the evaluation of organic matter decomposition (FAO, 2021). Mineral contents were expressed as percentages (%) for mineral elements and in ppm for trace metals.
2.4.3. Microbiological Characteristics of the Prepared Composts
Microbiological analyses of the composts were carried out at the Laboratory of Industrial Processes for Synthesis, Environment and New Energies (LAPISEN) of the Houphouët-Boigny National Polytechnic Institute (INP-HB) in Yamoussoukro, Côte d’Ivoire. Total coliforms were identified and counted using VRBL agar medium, following AFNOR standard 4832 (2006). The enumeration of Escherichia coli was performed according to ISO 16649-3 (2016), using a method involving mixing the sample into the culture medium. Salmonella spp. were investigated in compliance with ISO 6579-1 (2017). Staphylococcus aureus and streptococci were enumerated using classical microbiological methods, according to ISO 6888-1 (2021). The determination of these pathogenic microorganisms was carried out only qualitatively (presence or absence), in accordance with the thresholds defined by the French standard NF U44-051 on composts. These thresholds made it possible to determine whether a compost was compliant for agricultural use. The culture media used and the thresholds are summarized in Table 2.

Table 2: Microbiological Analysis Methods of the Composts and Standards Used for Result Interpretation
	Microorganisms Investigated
	Culture medium used
	Applicable standard (NF U44-051)

	Total coliforms
	VRBL agar
	≤ 1000 UFC/g MB

	Escherichia coli
	Rapid’E. coli 2 agar
	≤ 100 UFC/g MB

	Salmonella spp.
	Rapid’Samonella agar
	Not detected in 25 g

	Staphylococcus aureus
	Rapid’Staph agar medium
	≤ 100 UFC/g MB



2.4.4. Phytotoxicity test
The maturity of the composts was assessed through a germination test, designed to verify the absence of phytotoxic effects. Maize (Zea mays L.) was selected as the test plant because it is easy to cultivate, germinates rapidly, and is sensitive to toxic substances (Compaoré et al., 2010). The experimental setup consisted of 21 plastic pots, of which 18 contained 1 kg of compost each, corresponding to the six compost samples (three replicates per treatment), and 3 control pots containing only sand (considered as the reference). In each pot, 30 maize seeds were sown uniformly, resulting in a total of 90 seeds per treatment and 630 seeds for the entire setup. The pots were placed in the shade and watered regularly with distilled water, as needed, to maintain constant moisture. Monitoring was carried out over a period of ten days, which allowed observation of the general condition of the seedlings (Figure 4).
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Figure 4: Experimental setup of the maize seed germination test

The parameter measured was the germination rate, calculated according to the following formula:

With: TG : Germination rate (%); Ng: Number of germinated seeds; Nt: Total number of seeds sown
The results were compared to those of the control treatment (sand only), which was considered as the reference. Composts with germination rates similar to that of the control were considered mature and of good agronomic quality.

2.5. Statistical Analysis of Data
The collected data were entered using Excel 2016 before being subjected to statistical analyses with SPSS software, version 26. The means of the physicochemical parameters were compared using the Student-Newman-Keuls test at the 5% significance level. The results were presented in the form of tables and graphs.

3. Results 
3.1. Composting duration according to the techniques applied
The composting durations of the different composts prepared from mango residues, according to the techniques used, are presented in Figure 5. The analysis of the results showed that the maturation period varied both between the techniques employed and between the types of compost. Indeed, the heap composting technique proved to be more efficient in terms of rapidity than the pit and bin techniques. Compost C1T, composed of mango residues and cow dung, reached maturity more rapidly (72 days) than the other composts, namely C2T, C1F, C2F, C1C, and C2, with respective durations of 87, 89, 102, 112, and 123 days.
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Figure 5: Presentation of composting durations according to techniques and compost types
C1T: compost of mango residues combined with cow dung, produced in heaps; C2T: compost of mango residues alone, produced in heaps; C1F: compost of mango residues combined with cow dung, produced in pits ; C2F: compost of mango residues alone, produced in pits; C1C: compost of mango residues combined with cow dung, produced in bins; C2C: compost of mango residues alone, produced in bins

3.2. Chemical composition of the different types of composts produced
The results of the physicochemical analyses of composts C1T, C2T, C1F, C2F, C1C, and C2C collected at the end of composting are presented in Table 3. Statistical analysis revealed no significant differences between the mean pH values of the composts studied (P =0.05). At maturity, all composts exhibited slightly alkaline pH values. However, the values ranged from 6.33 ± 0.80 (C2T) to 7.83 ± 0.36 (C1T). Organic matter contents showed a significant difference between the compost means. Compost C1T displayed the highest concentration (18.38 ± 6.61%), whereas C2T, C1F, C2F, C1C, and C2C presented statistically similar and lower values, ranging from 5.55 ± 1.02% (C2T) to 7.37 ± 0.56% (C2C). Regarding total carbon, no significant difference was observed between the means. Values varied from 7.27 ± 0.95% (C1T) to 4.15 ± 1.39% (C2T). The C/N ratios statistically varied between 16.67 ± 0.47 and 28.56 ± 16.43. Composts C1T, C1F, C1C, and C2C exhibited the lowest ratios, with respective values of 16.67 ± 0.47, 16.84 ± 0.32, 17.41 ± 0.36, and 17.00 ± 10.57, whereas C2T and C2F recorded the highest values, ranging from 28.56 ± 16.43 to 27.81 ± 7.54. 
For chemical parameters and fertilization potential, the analyses revealed significant differences in mineral element contents. Composts C1T, C1C, and C1C2 showed the highest nitrogen (N) concentrations (0.57 ± 0.12%, 0.48 ± 0.04%, and 0.40 ± 0.60%), while C2T, C1F, and C2F displayed the lowest values, with 0.09 ± 0.30%, 0.35 ± 0.05%, and 0.15 ± 0.04%, respectively. A similar trend was observed for available phosphorus (P), with maximum values recorded for C1T (0.83 ± 0.12%), C1F (0.69 ± 0.13%), and C1C (0.75 ± 0.08%). Potassium (K) contents showed significant variation, ranging from 0.83 ± 0.03% in compost C2T1 to 1.92 ± 0.09% in compost C1T. Composts C1T, C1F, C2F, and C1C exhibited the highest potassium concentrations, with respective values of 1.92 ± 0.09%, 1.57 ± 0.74%, 1.00 ± 0.31%, and 1.02 ± 0.17%. No significant differences were observed for calcium contents, which ranged between 0.55 ± 0.09% (C1F) and 0.77 ± 0.11% (C1T). Magnesium contents varied significantly, with the highest concentration recorded for compost C1T (0.20 ± 0.01%).

Table 3: Chemical characteristics of composts produced from mango residues
	Parameters
	C1T
	C2T
	C1F
	C2F
	C1C
	C2C

	pHeau
	7,83 ± 0,36a
	6,33 ± 0,80a
	7,30 ± 0,50a
	6,46 ± 0,40a
	7,03 ± 0,66a
	6,86 ± 0,65a

	MO (%)
	18,38 ± 6,61b
	5,55 ± 1,02a
	9,66 ± 0,47a
	8,81 ± 2,14a
	8,76 ± 0,24a
	7,37 ± 0,56a

	C (%)
	7,27 ± 0,95a
	4,15 ± 1,39a
	5,26 ± 0,56a
	4,55 ± 0,56a
	5,90 ± 0,13a
	4,75 ± 0,60a

	N (%)
	0,57 ± 0,12c
	0,09 ± 0,30a
	0,35 ± 0,05b
	0,15 ± 0,04a
	0,48 ± 0,04b
	0,40 ± 0,07b

	C/N
	16,67 ± 0,47a
	28,56 ± 16,43b
	16,84 ± 0,32a
	27,81 ± 7,54ab
	17,41 ± 0,36a
	17,00 ± 10,57a

	P (%)
	0,83 ± 0,12b
	0,34 ± 0,09a
	0,69 ± 0,13b
	0,55 ± 0,11ab
	0,75 ± 0,08b
	0,43 ± 0,18a

	K (%)
	1,92 ± 0,09b
	0,83 ± 0,03a
	1,57 ± 0,74b
	1,00 ± 0,31b
	1,02 ± 0,17b
	0,90 ± 0,04a

	Ca (%)
	0,77 ± 0,11a
	0,56 ± 0,08a
	0,55 ± 0,09a
	0,61 ± 0,08a
	0,53 ± 0,05a
	0,55 ± 0,14a

	Mg (%)
	0,20 ± 0,01b
	0,13 ± 0,01a
	0,13 ± 0,00a
	0,13 ± 0,02a
	0,16 ± 0,01a
	0,15 ± ,01a


Values in the same row followed by the same letter are not significantly different (Tukey’s test, P = .05). C1T: compost of mango residues combined with cow dung, produced in heaps; C2T: compost of mango residues alone, produced in heaps; C1F: compost of mango residues combined with cow dung, produced in pits; C2F: compost of mango residues alone, produced in pits; C1C: compost of mango residues combined with cow dung, produced in bins; C2C: compost of mango residues alone, produced in bins.
OM : Organic matter ; C : Organic carbon ; N : Nitrogen ; C/N : Carbon/Nitrogen ratio ; P : Phosphorus ; K : Potassium ; Ca : Calcium ; Mg : Magnesium.

3.3. Trace element contents
The concentrations of trace metals in the composts produced are presented in Table 4. The analysis of the results revealed significant differences among the compost means, although the observed levels remained generally low overall. Copper (Cu) contents ranged from 5.62 ± 0.56 to 8.29 ± 0.85 ppm. Composts C1T and C1F recorded the highest copper concentrations, with respective values of 8.29 ± 0.85 ppm and 8.19 ± 0.87 ppm. For iron (Fe), the lowest concentrations were observed in composts C2T and C2C (3.51 ± 0.48 and 3.72 ± 0.38 ppm), while higher values were recorded in composts C1T (5.67 ± 0.18 ppm), C1F (5.41 ± 0.48 ppm), C1F (4.91 ± 0.20 ppm), and C1C (4.96 ± 0.14 ppm). Manganese (Mn) contents did not show significant differences and remained relatively similar across the composts, ranging from 8.20 ± 0.76 ppm (C1F) to 10.45 ± 1.45 ppm (C2T). Lead (Pb) exhibited significant differences, with higher concentrations recorded in composts C2T (2.61 ± 0.23 ppm), C1F (2.52 ± 0.46 ppm), C2F (2.35 ± 0.44 ppm), and C2C (2.53 ± 0.23 ppm). Zinc (Zn) contents did not present significant differences among the composts, with statistically identical values.





Table 4: Heavy metal contents of composts produced from mango residues
	Trace metals
	C1T
	C2T
	C1F
	C2F
	C1C
	C2C

	Cu (ppm)
	8,29 ± 0,85c
	7,84 ± 0,31bc
	8,19 ± 0,87c
	7,05 ± 0,36ab
	5,62 ± 0,56a
	6,33 ± 0,65ab

	Fe (ppm)
	5,67 ± 0,18b
	3,51 ± 0,48a
	5,41 ± 0,48b
	4,91 ± 0,20b
	4,96 ± 0,14b
	3,72 ± 0,38a

	Mn (ppm)
	10,35 ± 0,71a
	10,45 ± 1,40a
	8,20 ± 0,76a
	8,67 ± 0,57a
	9,50 ± 1,04a
	9,34 ± 0,56a

	Pb (ppm)
	1,55 ± 0,39a
	2,61 ± 0,23c
	2,52 ± 0,46c
	2,35 ± 0,44bc
	1,14 ± 0,11a
	2,53 ± 0,23c

	Zn (ppm)
	5,12 ± 1,58a
	5,59 ± 0,89a
	7,30 ± 2,30a
	4,66 ± 0,69a
	4,99 ± 0,40a
	5,80 ± 0,35a


Values in the same row followed by the same letter are not significantly different (Tukey’s test, P = .05). C1T: compost of mango residues combined with cow dung, produced in heaps; C2T: compost of mango residues alone, produced in heaps; C1F: compost of mango residues combined with cow dung, produced in pits; C2F: compost of mango residues alone, produced in pits; C1C: compost of mango residues combined with cow dung, produced in bins; C2C: compost of mango residues alone, produced in bins.


3.4. Phytotoxicity test
The germination rate significantly varied according to the types of compost. Composts C1T and C1F recorded the highest germination rates, statistically distinct from the other treatments, with values of 93.33% each. Compost C2C and the control T0 (soil alone) exhibited the lowest germination rates (60% and 64%, respectively).
Types of composts












Figure 6: Germination rates of composts produced from mango residues 
C1T: compost of mango residues combined with cow dung, produced in heaps; C2T: compost of mango residues alone, produced in heaps; C1F: compost of mango residues combined with cow dung, produced in pits; C2F: compost of mango residues alone, produced in pits; C1C: compost of mango residues combined with cow dung, produced in bins; C2C: compost of mango residues alone, produced in bins.

3.5. Microbiological characteristics of composts produced from mango residues
To verify the safety of the composts produced, qualitative microbiological analyses were conducted to detect the presence or absence of pathogenic microorganisms (Table 5). This approach allowed the evaluation of potential contamination levels and the sanitary safety of the composts. The microbiological analyses revealed a complete absence of pathogenic microorganisms in the composts derived from mango residues, particularly coliforms, Escherichia coli, Staphylococcus aureus, and Salmonella spp.




Table 5: Microbiological characteristics of composts produced from mango residues
	Pathogenic microorganisms investigated
	Regulatory threshold (UFC/g MB)
	C1T
	C2T
	C1F
	C2F
	C1C
	C2C

	Coliforms
	≤ 103
	0
	0
	0
	0
	0
	0

	Escherichia coli
	≤ 102
	0
	0
	0
	0
	0
	0

	Staphylococcus aureus
	≤ 102
	0
	0
	0
	0
	0
	0

	Salmonella spp
	0 (Absence)
	0
	0
	0
	0
	0
	0


C1T: compost of mango residues combined with cow dung, produced in heaps; C2T: compost of mango residues alone, produced in heaps; C1F: compost of mango residues combined with cow dung, produced in pits; C2F: compost of mango residues alone, produced in pits; C1C: compost of mango residues combined with cow dung, produced in bins; C2C: compost of mango residues alone, produced in bins.

4. Discussion
The success of composting depends on the techniques applied, the rate of degradation of raw materials, and above all, the quality of the final product obtained. The reduced composting duration observed for compost C1T, produced from mango residues and cow dung using the heap technique, can be explained by several convergent factors. On the one hand, cow dung (rich in nitrogen) acts as a biological activator, providing both nitrogen and a high microbial load, which stimulates the degradation of carbonaceous materials (mango residues). This catalytic role is confirmed by Holatko et al. (2022), who demonstrated that co-composting with manure improves compost quality, plant biomass, soil microbiological characteristics, and the rate of composting. On the other hand, the heap method, when properly managed (regular turning, controlled moisture), promotes good aeration, homogeneity of the mixture, and effective thermal rise. These conditions are conducive to sustained microbial activity and homogeneous decomposition, thereby optimizing microbial processes and accelerating composting. These findings corroborate those of Mercius (2010), Rucakumugufi et al. (2021), and N’Ganzoua et al. (2023), who reported that the heap method favors rapid maturation and that the addition of animal manure, particularly cow dung, enhances composting efficiency. Conversely, composts produced in pits (C1F and C2F) and bins (C1C and C2C) suffer from limited aeration, slower heat dissipation, and heterogeneity of the mixture, which delays decomposition. Bernal et al. (2009) similarly emphasized that aeration and thermal management are major levers for accelerating composting and achieving biological maturity more rapidly.
Compost quality is often identified as one of the most critical issues in its use as a soil amendment. The criteria for evaluating the quality of waste-derived composts are numerous, may vary from one country to another, and are also influenced by the substrate used and the intended application of the final product. Compost maturity is a key parameter to be considered in assessing compost quality, as it is essential for the safe and optimal use of composts both as soil amendments and as sources of nutrients for plants.
Compost quality is a crucial factor for its use in agriculture, particularly as an organic amendment. Among the numerous evaluation criteria, compost maturity is decisive, as it ensures safe and effective application to soils and plants. Compost C1T, produced in heaps from mango residues and cow dung, distinguished itself by its superior agronomic quality. Its high contents of organic matter (18.38%) and total carbon (7.27%) indicate efficient mineralization, favored by the complementarity of the inputs. Mango residues, rich in soluble sugars, provide a readily degradable carbon source, while cow dung contributes nitrogen and an active microbial load. The C/N ratio (16.67) falls within the recommended maturity thresholds (10–20), reflecting advanced decomposition of organic matter and good nitrogen availability for plants. This optimal ratio results from the balance between carbon-rich mango residues and nitrogen-rich cow dung, which together stimulate mineralization and accelerate the transformation of organic matter. These findings are consistent with Su et al. (2024), who demonstrated that the addition of cattle manure in a well-aerated system enhances microbial degradation, accelerates organic matter transformation, improves compost quality, and reduces the maturation period.
The heap composting technique used for C1T promoted adequate aeration, rapid thermal rise, and regular mixing conditions essential for sustained microbial activity and supported by an optimal C/N ratio. These factors explain the high levels observed in nitrogen (0.57%), available phosphorus (0.83%), potassium (1.92%), and magnesium (0.20%). These findings are consistent with those of Macias-Corral et al. (2019), who reported that composts produced with a well-adjusted initial C/N ratio and sufficient oxygenation exhibit superior microbiological and chemical quality. In comparison, composts C2T, C1F, C2F, C1C, and C2C, produced in heaps, pits, and bins, showed lower organic matter contents (5.55–9.66%) and nutrient levels (N = 0.09%, K = 0.83%), as well as higher C/N ratios (up to 28.56), indicating incomplete decomposition. These limitations are attributable to reduced aeration, excessive moisture, and slower thermal rise, which hinder microbial degradation and favor nitrogen volatilization as ammonia (NH₃), as highlighted by Santos et al. (2020). The results confirmed that compost C1T, produced in heaps, exhibited the highest concentrations of fertilizing elements, including nitrogen (0.57%), phosphorus (0.83%), and potassium (1.92%). Moreover, its slightly alkaline pH favored the release of phosphorus contained in organic matter. These elevated levels of essential mineral nutrients can be explained by several factors. First, the composted inputs, such as mango residues, are naturally rich in minerals. This corroborates the findings of Ramasamy (2022), who demonstrated that composted mango residues (peels, seeds, pulp) are nutrient-rich, with average contents of 1.5% nitrogen, 0.40% phosphorus, and 1.4% potassium. Second, the favorable conditions provided by heap composting—better aeration and more consistent thermal rise—stimulate microbial activity and accelerate organic matter mineralization. These conditions also limit nitrogen losses through volatilization or leaching, unlike pit or bin composting, where excessive moisture and poor oxygenation slow decomposition and reduce nutrient availability. These results are further supported by Ama et al. (2022), who showed that heap composting of plant residues (water hyacinth, pollen husks) combined with animal manures (poultry droppings or cow dung) yields composts with very high nutrient contents. Similarly, Phuong et al. (2024) demonstrated that the addition of cattle manure enhances nutrient availability in composts. Abaker et al. (2025) also reported that heap composting under improved aeration conditions induces more efficient nutrient release. Furthermore, Rucakumugufi et al. (2022) highlighted that a moderate C/N ratio (15–20) favors increased mineral nitrogen release and enhances the agronomic quality of compost.
The concentrations of trace elements in the analyzed composts remained generally low, although significant differences were observed among treatments. Compost C1T recorded the highest levels of copper (8.29 ppm) and iron (5.67 ppm), whereas C2T showed maximum concentrations of manganese (10.45 ppm) and lead (2.61 ppm), and C1F exhibited the highest zinc content (7.30 ppm). These variations can be attributed to the nature of the inputs, the level of aeration, and the degree of compost maturity, which influence the mobility and stabilization of metals. Similar results were reported by Ama et al. (2022), where composts derived from plant residues and animal manures presented trace element contents (Pb, Cd, Cu, Zn) below regulatory thresholds. Likewise, Su et al. (2024) and Macias-Corral et al. (2019) demonstrated that well-ventilated composting systems and inputs free from industrial contamination limit heavy metal accumulation, confirming that process management and raw material selection are decisive for compost quality. The concentrations of trace elements in composts produced from mango residues remained below the regulatory thresholds established by the NF U 44-051 standard. During composting, a substantial reduction of fecal indicator bacteria and pathogens was observed. This demonstrates that mango residue composts complied with environmental requirements and can be safely used in agriculture without risk of toxicity to soils, plants, or human health.
The tested composts (C1T, C2T, C1F, C2F, and C1C) significantly enhanced seed germination, with rates ranging from 73.28% to 93.33%, compared to only 64% for the control (soil alone) and 60% for compost C2C. These high germination rates (73.28–93.33%) can be explained by the richness of the composts in available nutrients and their low levels of toxic elements, which together create a favorable environment for seed germination. These findings corroborate those of Khan et al. (2023), who reported that the application of organic composts increased maize germination rates from 68% to 91% and mung bean germination rates from 70% to 94%, depending on the proportion of compost applied. The results confirm the beneficial effect of compost maturity on seed emergence, linked to improved nutrient availability and reduced phytotoxic substances.

5. Conclusion
Composts derived from mango residues exhibited different agronomic performances depending on the composting technique applied. Compost C1T, produced in heaps over the shortest duration (72 days), was distinguished by its highest levels of essential mineral nutrients, with 0.57% nitrogen, 0.83% phosphorus, and 1.92% potassium. It also presented a moderate and optimal C/N ratio of 16.67, together with a slightly alkaline pH (7.83), characteristics favorable to superior agronomic quality. Germination tests confirmed the superiority of composts C1T and C1C, which both recorded the highest rates (93.33%), whereas the control (T0) exhibited the lowest values. Microbiological analyses further revealed a complete absence of pathogenic microorganisms (Escherichia coli, coliforms, Staphylococcus aureus, Salmonella spp.), attesting to the sanitary safety of the composts produced. 
Composts produced in pits and bins required longer durations due to material compaction inherent to these techniques. Overall, compost C1T emerged as the most efficient, and heap composting was confirmed as the most effective method for valorizing mango residues and producing an organic amendment of high fertilizing value, capable of sustainably improving agricultural soil fertility. Valorization of mango residues otherwise lost in the value chain would reduce waste and increase farmers’ income.
For future research, agronomic trials should be conducted on vegetable crops as well as perennial crops to better evaluate the agronomic qualities of mango residue composts produced by the heap composting technique.
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