



[bookmark: _GoBack]Effect of Local Trichoderma asperellum and Trichoderma virens Strains on Composting Dynamics and Chemical Quality of Compost


ABSTRACT
This study evaluates the effect of inoculation with local strains of Trichoderma asperellum and T. virens on the chemical quality of compost. Aerobic composting with two treatments, each repeated three times, was carried out. These treatments were: T1 (control) and T2 (inoculated treatment). The results show that inoculation significantly altered the process. Compost T2 reached a more intense (up to 58°C) and prolonged thermophilic phase (p=0.019), ensuring better sanitization. Its final pH was significantly higher (7.6 vs. 7.31; p=0.0076). Its final electrical conductivity was also significantly higher (3.97 vs. 3.17 mS/cm; p<0.001). Although its final organic matter content (45.27% vs. 48.5%; p < 0.001) and its C/N ratio (14.83 vs. 18.83; p < 0.001) were significantly lower, indicating more advanced mineralization, the nutrient levels were significantly improved: total nitrogen (1.78% vs. 1.51%; p = 0.049), phosphorus (0.75% vs. 0.51%; p = 0.002), and potassium (0.90% vs. 0.77%; p = 0.022). The study concludes that inoculation with Trichoderma accelerates maturation and produces compost with better fertilizing value, offering a promising solution for sustainable organic fertilization.
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INTRODUCTION
Composting is a biological treatment method for organic waste that allows its recycling into high-quality amendments, thus contributing to sustainable agriculture (Yin et al., 2024). The agronomic value of compost is closely linked to its physicochemical and biological properties (Siklódi et al., 2022) at its degree of maturity (Ezugworie et al., 2023). This process is governed by a succession of complex microbial communities (bacteria, fungi, actinomycetes) whose metabolic and enzymatic activity progressively degrades organic matter (Zhen et al., 2023).
Among these microorganisms, fungi of the genus Trichoderma are particularly studied for their biostimulant potential. Indeed, many strains possess powerful enzymatic activity (cellulases, pectinases, chitinases, phosphatases) which accelerates the decomposition of recalcitrant polymers such as lignin and cellulose (Kubicek et al., 2011 ; (Zhang et al., 2025). This activity results in an improvement in the physical properties of the compost, such as a finer structure and more homogeneous decomposition (Muzakir et al., 2024). From a chemical standpoint, inoculation with Trichoderma enriches the fertilizing value of the compost by increasing the levels of total nitrogen, available phosphorus, potassium and humic acids (Jyoti & Khwairakpam, 2025 ; Li et al., 2024) which ultimately improves plant nutrition (Suparlan et al., 2024).
However, most studies focus on commercial strains, and few have concentrated on the use of local Trichoderma strains, which are potentially better adapted to the soil and climate conditions and organic substrates of their native range. In Senegal, local strains of Trichoderma asperellum and Trichoderma virens have been isolated and characterized for their multiple enzymatic activities Gueye et al., (2018), but their actual effectiveness in the integrated optimization of composting, particularly regarding thermal dynamics, mineralization kinetics, and the reduction of maturation time, remains poorly documented.
This article therefore contributes to filling this gap by evaluating the effect of inoculation with these local strains on the physicochemical parameters of aerobic composting. The objective is to determine whether their use makes it possible to produce, in a short time, a stable, compost with high fertilizing value, thus offering a suitable solution for the sustainable valorization of organic waste in Senegal.
1. MATERIALS AND METHODS
1.1. Study framework and experimental equipment
The research was conducted at the ISEP Practical Application Center in Matam, Senegal (latitude 15.667613, longitude -13.262586). It took place from March 14 to May 28, 2025. The Matam ombrothermic diagram (Figure 1) shows that this period corresponds to the dry season. Average temperatures during this period ranged from 30.8°C to 35.7°C. This is the hottest period of the year. The average annual temperature is 38.3°C.

Figure1: Ombrothermic diagram of Matam
The Trichoderma asperellum (TS1, TG3, and TM3) and Trichoderma virens (TG1) strains used as inoculum (Figure 2) belong to the collection of the Fungal Biotechnology Laboratory at Cheikh Anta Diop University of Dakar (UCAD). They were isolated by Gueye et al., (2018) and genetic identification was carried out by MACROGEN (South Korea). This work highlighted the ability to Trichoderma asperellum and Trichoderma virens to produce several enzymes useful in agriculture and industry, including pectinase, L-Asparginase, chitinase and cellulase.
Figure2: Morphology of strains of Trichoderma on 90 mm Petri dishes
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Figure 1Morphology of Trichoderma strainsTM3
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Production of Trichoderma inoculum

Each strain was cultured on five Petri dishes in PDA medium and incubated at room temperature for 7 days. The mycelium from each dish was then scraped with 10 ml of sterile distilled water (Traoré et al., 2023).
1.2. Composting method
[bookmark: _Hlk204196684]An aerobic composting system was used, with 100-liter plastic bins. Aeration holes, 0.6 cm in diameter and spaced 15 cm apart, were made in the lid, sides, and bottom to allow for oxygenation and efficient drainage of excess moisture. The compost bins were turned manually every 5 days.  
[bookmark: _Hlk204194181]Two treatments, each repeated three times, were used:
· [bookmark: _Hlk216121203]T1 (control): 5 kg of rice husk biochar + 12 kg of cow manure + 3 kg of fresh Azadirachta indica leaves
· [bookmark: _Hlk204194399][bookmark: _Hlk206944311]T2: T2 with 5 kg of rice husk biochar + 12 kg of cow manure + 3 kg of fresh Azadirachta indica leaves + 26 ml of Trichoderma Inoculum and 26 ml of molasses at the beginning of composting and at the beginning of the cooling phase.
The inoculation of T2 was carried out by mixing 26 ml of inoculum with 26 ml of molasses and 3 liters of water (Matin et al., 2019). The inoculum was mixed homogeneously with the materials to be composted.
1.3. Biochar preparation
A homemade device was designed for the pyrolysis and production of biochar from rice husks. It consists of a 200-liter iron barrel serving as a pyrolysis chamber, a perforated metal cone to allow for good air circulation during pyrolysis, and a chimney to vent the pyrolysis gases. The measured pyrolysis temperature was 350°C, the total pyrolysis time was approximately 4 hours, and the biochar yield was 70%.
1.4. Proportions of the starting mixture
[bookmark: _Hlk216735422]The C/N ratio (Rm) of the starting mixture was set at 30. This value was defined by several authors, including Mentari et al., (2021) as the optimal C/N ratio for the raw material mixture in compost production. The C/N ratios of the raw materials were determined at the Soil/Plant Analysis Laboratory of the CRA in Saint-Louis. Table 1 shows the C/N ratios of the starting raw materials.
Table 1 : C/N ratio of starting raw materials
	Raw material
	C/N ratio

	Cow manure
	18.2

	Rice hull biochar
	66

	Fresh neem leaves
	14.1


The equation below used by Fauzan et al., (2022) served as the basis for calculating the C/N ratio of the starting mixture.
Rm =  
Rm = C/N ratio of the mixture; ni = quantity of component I, and Ri = C/N ratio of component i
1.5.  Test procedures
The piles were positioned randomly on the site, with a spacing of 2 meters between piles to limit biases related to the experimental environment. The piles were created on the same day, and the components (manure, neem leaves, rice hull biochar) were mixed under the same conditions for all treatments to ensure an identical initial composition. Moisture content was maintained at 50–60%. During the first week, the piles were manually turned every three days, and then weekly.
1.6. Composting procedure
The composting procedure is presented in figure 3. 
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Figure 3 : Composting procedure




















1.7.  Measured parameters
As a reminder, a study was conducted by Fall, et al 2025 to verify the effect of these same strains of Trichoderma on the maturity duration of compost. The ratio and the germination index were used to check the maturity of the composts.  The results showed a highly significant effect of Trichoderma strains on composting time. The latter was reduced by nine (9) days for the inoculated treatment with Trichoderma strains compared to the uninoculated control. 
As part of this study, temperature, pH, and electrical conductivity were measured throughout the composting process. At the end of composting, in addition to pH and electrical conductivity, the organic matter, total nitrogen, phosphorus, and potassium content were also measured.
1.7.1. The temperature
The temperature was measured using a Multi-System digital compost thermometer.
1.7.2. [bookmark: _Toc215349951][bookmark: _Toc215399529][bookmark: _Toc215450760][bookmark: _Toc215349950][bookmark: _Toc215399528][bookmark: _Toc215450759]pH
The pH was measured according to the international standard ISO 10390. For this purpose, 10 g of each sample were placed in 50 ml of distilled water. After stirring with an orbital shaker for one hour and allowing the mixture to stand for two hours, the pH was measured with a brand-name digital pH meter (Sani et al., 2023 ; Ben Si Said et al., 2022 ; Mageshwaran et al., 2024).
1.7.3. Electrical conductivity
Electrical conductivity (EC) is measured after dissolving 5 g of the previously dried sample in 50 ml of distilled water (Mageshwaran et al., 2024). After stirring with an orbital shaker for one hour, the solution was filtered and the EC was measured with a digital conductivity meter.
1.7.4. [bookmark: _Toc208777015][bookmark: _Toc215349993][bookmark: _Toc215399571][bookmark: _Toc215450804]Organic matter
Total organic matter was determined by calcination at 550 °C for 2 hours. Carbon content was determined using the modified Black-Wakley method. Organic carbon was oxidized with a mixture of 1 N potassium dichromate (K₂Cr₂O₇) and concentrated sulfuric acid (H₂SO₄) with a d value of 1.84. Carbon content was determined by spectrophotometry at 600 nm. The percentage of organic matter in the soil is equivalent to the carbon content (Pauwels et al., 1992). 
1.7.5. [bookmark: _Toc215349994][bookmark: _Toc215399572][bookmark: _Toc215450805]Nitrogen
Total nitrogen was measured using the Kjeldahl method. Nitrogen mineralization was carried out in the presence of concentrated sulfuric acid (18N H₂SO₄), salicylic acid (C₇H₆O₃), hydrogen peroxide (H₂O₂), and selenium powder as a catalyst. This mineralization process transformed nitrogen into ammonium ions (NH₄⁺), which were determined by spectrophotometry at a wavelength of 660 nm (Thermo Scientific Genesys 20) (Pauwels et al., 1992)..
1.7.6. [bookmark: _Toc215349995][bookmark: _Toc215399573][bookmark: _Toc215450806]Total phosphorus and total potassium
A flame absorption spectrophotometer was used to determine the total phosphorus and total potassium content after mineralization (Pauwels et al., 1992).
1.7.7. The C/N ratio
The C/N ratio is calculated by dividing the total carbon percentage by that of the total nitrogen.
1.8. Data analysis
Statistical analyses were performed using the R software. Mean comparisons were conducted using Student's t-test at a significance level of α = 5%. Normality tests were performed using the Shapiro-Wilk test.
2. RESULTS AND DISCUSSIONS
2.1. Temperature evolution during composting
The temperature evolution in the two treatments (T1 and T2) during composting is shown in Figure 4. Analysis of the figure shows:
· A very short mesophilic phase (one day) was observed in all composting bins. No significant temperature differences were noted between T1 and T2 during this phase;
· A thermophilic phase that lasted between five (5) and six (6) days with temperatures varying between 45 and 58 °C. The curves show an accelerated rise in temperatures from the second day of composting. T2 inoculated with Trichoderma maintained a temperature above 50 °C for 4 consecutive days, with a maximum of 58 °C on the second and third days, while T1 not inoculated was only able to maintain temperatures above 50 °C for two days with a maximum of 52 °C. It should be noted that T2 is significantly warmer than T1 during the thermophilic phase (p-value = 0.019);
· A cooling phase lasting between three (3) and six (6) days, during which temperatures fluctuated between 40 and 43 °C. The inoculated compost completed its cooling phase two days earlier than the uninoculated compost. However, no significant difference was noted during the cooling phase between T1 and T2 (p-value = 0.057);
· A maturation phase with an average duration of 56 days for T2 and 63 days for T1. During this phase, temperatures varied between 33 and 37 °C. Also during this phase, no significant differences were noted between T1 and T2 (p-value = 0.37).
The second inoculation at the beginning of the cooling phase on day 17 did not result in a significant increase in temperature. This result is consistent with that of Bernal-Vicente et al., (2012), but contrasts with that of Galindez et al., (2017) who noted an increase in temperature after the second inoculation of Trichoderma. The rapid entry into the thermophilic phase after the start of composting supports the work of Priyadi et al., (2025) on the impact of Trichoderma on manure decomposition, for which entry into the thermophilic phase was observed as early as the second day of composting. This temperature increase could be due to higher microbial activity to decompose the sugar, starch, and proteins present in the compost pile, leading to heat dissipation due to microbial respiration (Mageshwaran et al., 2024). The significantly higher temperatures during the thermophilic phase for treatment with Trichoderma are consistent with the results of Priyadi et al., (2024). According to Manga et al., (2023) a composting temperature above 55°C for three consecutive days helps eradicate pathogens present in the compost. Unlike T1, which was unable to reach this temperature, T2 was able to maintain temperatures above 55°C for three consecutive days.



Figure4: Evolution of temperature in °C
2.2. [bookmark: _Toc215349972][bookmark: _Toc215399550][bookmark: _Toc215450782]pH
The pH results by phase are presented in Table 2.
Table 2 : Average pH per phase of composting
	Composting Phase
	T1 Mean ± Standard deviation
	T2 Mean ± Standard deviation
	p-value 
(t-test)
	Meaning

	Mesophilia
	6.49 ± 0.08
	6.47 ± 0.10
	0.792
	NS

	Thermophile
	6.59 ± 0.13
	6.88 ± 0.26
	0.033
	*

	Cooling
	6.81 ± 0.10
	7.15 ± 0.07
	0.001
	**

	Maturation
	7.26 ± 0.05
	7.57 ± 0.06
	<0.001
	***

	End of composting
	7.31 ± 0.04
	7.60 ± 0.10
	0.0076
	*


NS: Not significant (p ≥ 0.05). *: Significant (p < 0.05). **: Highly significant (p < 0.01). ***: Very highly significant (p < 0.001)


Statistical analysis showed that inoculation with Trichoderma leads to a significant increase in pH starting from the thermophilic phase. Inoculation with Trichoderma significantly influences pH dynamics during composting. Treatment T2 maintained a significantly higher pH throughout the process. Indeed, after the mesophilic phase, where no difference was observed between T1 and T2, a significant alkalizing effect appeared as early as the thermophilic phase (p < 0.05). This effect was strongly accentuated during the cooling phase (p < 0.01) and remained very pronounced during the maturation phase (p < 0.001).
The pH of treatment T2 (7.6) was significantly higher than that of T1 (7.31) at the end of composting (p = 0.0076). This pH value of T2 inoculated with Trichoderma at the end of the composting process is similar to the results of (Jahangir et al., 2021). This pH falls within the optimal pH range for compost, which according to (Bernal et al., 2009) should be between 6.5 and 8.0. Also, the pH of the treatment inoculated with Trichoderma is significantly higher than that of the untreated control. This result is consistent with that of Lyu & Huang, (2022), but contrasts with the results of Priyadi et al., (2024), which obtained a higher pH of the uninoculated treatment than that treated with Trichoderma.
The pH difference between T1 and T2 persisted until the end of the composting process. This could be explained by the influence of Trichoderma on the modification of the compost's chemical parameters. This observation is consistent with the conclusions of (Cai et al., 2018).
2.3. [bookmark: _Toc215349973][bookmark: _Toc215399551][bookmark: _Toc215450783]Electrical Conductivity
The results for each phase of electrical conductivity are presented in Table 3.
Painting3Average electrical conductivity per phase of composting
	Composting Phase
	T1 Mean ± Standard deviation
	T2 Mean ± Standard deviation
	p-value 
(t-test)
	Meaning

	Mesophilia
	2.03 ± 0.06
	2.10 ± 0.10
	0.374
	NS

	Thermophile
	3.92 ± 1.45
	4.40 ± 1.84
	0.550
	NS

	Cooling
	4.72 ± 0.15
	5.00 ± 0.15
	0.008
	**

	Maturation
	4.13 ± 0.29
	4.48 ± 0.41
	0.026
	*

	End of composting
	3.25 ± 0.08
	3.92 ± 0.05
	< 0.001
	**


NS: Not significant (p ≥ 0.05). *: Significant (p < 0.05). **: Highly significant (p < 0.01)

Statistical analysis demonstrates that inoculation with Trichoderma has no significant effect on electrical conductivity during the mesophilic and thermophilic phases of composting. However, a significant increase is observed during the cooling phase (p < 0.01) and is maintained, albeit less markedly, during the maturation phase (p < 0.05).
[bookmark: _Hlk215263777]At the end of the process, the electrical conductivity of T2 (3.93 mS/cm) inoculated with Trichoderma was significantly higher than that of T1 (3.17 mS/cm). This result shows that Trichoderma significantly increases electrical conductivity and confirms the conclusions of Gaind & Nain, (2007), and is in line with that of Lyu & Huang, (2022). Indeed, the higher electrical conductivity in T2 is explained by a more pronounced release of ions caused by the enzymatic activity of Trichoderma. As demonstrated by Gueye et al., (2018) and Gueye et al., (2018) Trichoderma produces hydrolytic enzymes such as cellulases, which accelerate the breakdown of complex organic polymers into soluble monomers, resulting in an increase in the concentration of ions in the solution.
The increase in electrical conductivity may also be due to the release of ions in the composting mineralization process (Mageshwaran et al., 2024).
However, these results contradict those of Méndez-Matías et al., (2018) on the composting of agro-industrial waste inoculated with Aspergillus sp. and Trichoderma harzianum. They obtained at the end of the composting, an electrical conductivity of the control higher than that of the treatment inoculated with Trichoderma.

2.4. Other chemical parameters at the end of composting
The other chemical parameters, organic matter (OM), total nitrogen, phosphorus and potassium and the C/N ratio at the end of composting are presented in Table 4.
Table 4: Levels of nitrogen, phosphorus and potassium organic matter at the end of composting
	Chemical parameter
	T1 Mean ± Standard deviation
	T2 Mean ± Standard deviation
	p-value 
(t-test)
	Meaning

	Final pH
	7.31 ± 0.04
	7.60 ± 0.10
	0.0076
	*

	Electrical conductivity (mS/cm)
	3.25 ± 0.08
	3.92 ± 0.05
	< 0.001
	**

	Organic matter (%)
	48.5 ± 0.50
	45.27 ± 0.37
	< 0.001
	**

	Total nitrogen (%)
	1.51 ± 0.12
	1.78 ± 0.14
	0.049
	*

	Phosphorus (%)
	0.51 ± 0.02
	0.75 ± 0.05
	0.002
	**

	Potassium (%)
	0.77± 0.03
	0.90 ± 0.05
	0.022
	*

	C/N ratio
	18.83 ± 0.34
	14.83 ± 0.26
	< 0.001
	***


NS: Not significant (p ≥ 0.05). *: Significant (p < 0.05). **: Highly significant (p < 0.01). ***: Very Highly significant (p < 0.001)

2.4.1. Organic matter
The organic matter content of T1 (48.5%) is significantly higher than that of T2 inoculated with Trichoderma (45.27%) at the end of composting (p < 0.001). This decrease indicates a more extensive degradation of labile organic compounds. As demonstrated by (Tyasmoro et al., 2024), microorganisms use carbon as an energy source during decomposition. This leads to a reduction in carbon content, and consequently, the organic matter content. Also, the addition of Trichoderma to the compost increased carbon mineralization, resulting in stable compost, as shown by (Cai et al., 2018). Consequently, the composting time is shortened by inoculation with Trichoderma, confirming the results of Amira et al., (2011) ; and Fall et al., (2025). However, it should be noted that this result contradicts that of Méndez-Matías et al., (2018), and of Komolafe et al., (2020). They obtained higher organic matter content in the compost inoculated with Trichoderma than in the uninoculated compost. Differences in composting techniques, as well as the nature and composition of the composted raw materials, may explain these results.
2.4.2. Total nitrogen
The nitrogen content of T2 (1.78%) is significantly higher than that of T1 (1.51%) at the end of the process (p = 0.049). This difference can be explained by the microbial production of ammonia as reported by Tyasmoro et al., (2024). Indeed, through enzymatic activity, Trichoderma secretes urease, thus improving nitrogen availability (Sun et al., 2025). This is also explained by the rapid degradation of hemicelluloses and cellulose by microorganisms, which corroborates the conclusions of Amira et al., (2011). Furthermore, the nitrogen assimilated by microorganisms becomes part of their tissues, which ultimately becomes a component of compost once these organisms have died (Lopez et al., 2015).

2.4.3. Phosphorus
The phosphorus content of T2 (0.753%) inoculated with Trichoderma is significantly higher than that of T1 (0.517%) at the final stage of composting (p = 0.002). This result is consistent with that of (Komolafe et al., 2020 ; Thuy et al., 2022 ; El-Shazly, 2020 ; Priyadi et al., 2025). This difference is due to the activity of Trichoderma, which improves phosphorus availability. Indeed, through enzymatic activity, Trichoderma secretes phosphatase, thus improving phosphorus availability (Sun et al., 2025). However, Priyadi et al., (2024) concluded that Trichoderma inoculation did not result in significant differences in phosphorus levels between the non-inoculated treatment.
2.4.4. Potassium
As with nitrogen, the potassium content of T2 (0.900%) inoculated with Trichoderma was significantly higher than that of T1 (0.770%) at the end of composting (p = 0.022). This shows that the addition of Trichoderma significantly improves the potassium content, confirming the results of (Tallapragada & Gudimi, 2011 ; Thuy et al., 2022 ; (El-Shazly, 2020). The microorganisms produce nutrients, including nitrogen, carbon, and potassium, as by-products of the decomposition of organic matter (Khalisha et al., 2025). The significant effect of inoculating the compost with Trichoderma on the final potassium content at the end of composting confirms the results of  (Komolafe et al., 2020 ; Priyadi et al., 2024).
2.5. The C/N Ratio

[bookmark: _Hlk216869564]The C/N ratio in a composting process reflects the availability of carbon and nitrogen necessary for optimal microbial growth during the different stages of composting (Melchor et al., 2025). The C/N ratio was significantly lower in treatment T2 (14.83) inoculated with Trichoderma than in control T1 (18.83) at the end of composting (p < 0.001). This result indicates more advanced maturation of the compost with Trichoderma. These results are consistent with those of Tran et al., (2024) and Thanh et al., (2025) where the C/N ratio of composts composted without Trichoderma inoculum is significantly higher compared to those with Trichoderma inoculum. This demonstrates that Trichoderma considerably improves both decomposition efficiency and compost quality.

CONCLUSION
This study confirms the significant effect of inoculation with local strains of Trichoderma asperellum and Trichoderma virens as an effective biotechnology for optimizing the aerobic composting process. The results demonstrate that this inoculation acts as a catalyst for the process, accelerating decomposition and significantly improving the chemical quality of the final product. The practical implications of these results are important for the development of sustainable agriculture. The obtaining a more mature compost, richer in nitrogen, phosphorus, and potassium, and exhibiting better sanitization thanks to a more intense thermophilic phase, makes it a high-quality organic amendment. For larger-scale applications, it is recommended to conduct agronomic field trials to quantify the effects of this inoculated compost on crop growth and yield. Future research could also focus on the use of this compost as a growing medium (alone or mixed with other materials) in soilless horticulture. Similarly, it would be worthwhile to conduct safety tests on the composts against pathogens such as Salmonella and Listeria monocytogenes, as well as against microorganisms like Escherichia coli, Enterococci, Clostridium perfringens, and viable helminth eggs, and compare these results to the reference values ​​of current standards. Trace metal content could also be verified. Agronomic trials to quantify the effects of this inoculated compost on crop growth and yield could be a promising avenue. Optimizing inoculation protocols (doses, strain combinations), analyzing the economics of the method, and studying the microbiological and enzymatic mechanisms underlying the observed improvements would also be of interest. Finally, exploring the potential of these local strains in the composting of other types of organic waste warrants further investigation. In summary, the integration of Trichoderma into composting appears to be an effective, ecological and economically viable strategy, contributing to circular resource management and the sustainable intensification of agricultural production systems.
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