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Abstract
[bookmark: _GoBack]Agriculture faces numerous challenges that limit its productivity. These constraints include declining soil fertility, the high cost of chemical fertilizers, and fungal diseases. The application of chemical fertilizers and pesticides has been documented to pose various hazards, such as high pesticide residues, the bioaccumulation of toxic substances, and the accumulation of heavy metals in agricultural food products. Consequently, it is essential to find new, sustainable alternatives for fertilization and crop protection. Due to their well-documented biological control methods, Trichoderma fungi are widely used in agricultural applications, particularly in composting. Trichoderma, a cosmopolitan and opportunistic genus of ascomycete fungi, is widely used in agriculture for its beneficial properties. Trichoderma species are widespread soil fungi known for their roles in both agriculture and natural ecosystems. Tricho-compost is used as a biofertilizer, biopesticide, or plant growth promoter. It is produced by mixing a defined quantity of spores from a Trichoderma strain with measured amounts of organic materials, both animal and plant-based. The aim of this review is to synthesize the techniques for producing and using Tricho-compost in agriculture, as well as its effects on crops.
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Introduction
[bookmark: _Hlk215131994]Trichoderma is a cosmopolitan and opportunistic genus of ascomycete fungus comprising species of interest to agriculture (Woo et al., 2023). Trichoderma species are widespread soil fungi, known for their roles in both agriculture and natural ecosystems (Pfordt et al., 2025). The first description of the fungus Trichoderma as a genus dates back to 1794 by Persoon (Mukhopadhyay & Kumar, 2020). Species of this genus are of great economic importance as biofungicides (Kalimutu et al., 2020) ; Adetunji and Anani, 2020). Trichoderma are also plant growth promoters  (Shah et al., 2019) and accelerators of the decomposition of soil organic matter (Pandey et al., 2015). Indeed, adding Trichoderma as an activator in composting accelerates its maturation (Komolafe et al., 2020). They can be used as biofertilizers (Mahato et al., 2018), and are able to transform soil nutrients into a form available to the plant for easy absorption (Matin et al., 2019).
Adding Trichoderma as an activator in composting accelerates its maturation (Komolafe et al., 2020). Tricho-compost is the material that results from the use of Trichoderma sp. spores in the composting process (M. Rahman & Birkey, 2015) ; Umbola et al., 2020). It is a biofertilizer produced by mixing a defined concentration of a spore suspension from a strain of Trichoderma with measured quantities of both animal and plant-based organic materials (Naznin et al., 2015;Andriani et al., 2023). It is environmentally friendly, does not interfere with other organisms in the soil, and does not produce toxic residues in plants or in the soil (Kusparwanti & Eliyatiningsih, 2021) can suppress the growth of pathogenic fungi, (Yudha et al., 2016 ; Faruk, 2019 ; Islam et al., 2021) and improves crop yields (Rahman & Uddin, 2021 ;  Meilin et al., 2020).
Tricho-compost provides stable organic matter that improves the physical, chemical, and biological properties of soils, thereby enhancing soil quality and crop production. When applied correctly, compost has beneficial effects on soil properties, creating suitable conditions for root development, higher yields, and improved crop quality (Alam et al., 2018). In general, Tricho-compost contains three important elements for plants: nutrients, organic matter, and Trichoderma sp (Andriani et al., 2023).
This synthesis aims to provide an overview of the methods of isolation and production of Trichoderma, its use to optimize composting, and its agronomic advantages.
1. Method
This review article analyzed scientific articles from 2010 to 2024. The Scopus and Google Scholar search engines were used. The keywords used to search for relevant articles were "Trichoderma," "Tricho-compost," "Tricho-compost maturity time," "Tricho-compost manufacturing method," "Tricho-compost chemical composition," and "Tricho-compost effects." The relevant articles were analyzed to highlight methods for isolating and producing Trichoderma inoculum, the raw materials used and methods for producing Tricho-compost, as well as the effects of Tricho-compost on crops.
2. General information about Trichoderma
1.1. Classification of Trichoderma
According to the most recent scientific databases (MycoBank http://www.MycoBank.org), and the International Commission on Taxonomy of Trichoderma), the taxonomic classification of Trichoderma is as follows (Sherimbetov et al., 2024):
Table 1 : Taxonomic classification of Trichoderma
	Taxonomic level
	Name assigned

	Domain
	Eukaryota

	Reign
	Fungi

	Sub-reign
	Dikarya

	Division
	Ascomycota

	Subdivision
	Pezizomycotina

	Class
	Sordariomycetes

	Subclass
	Hypocreomycetidae

	Order
	Hypocreales

	Family
	Hypocreaceae

	Gender
	Trichoderma


1.2. Morphology of Trichoderma
The genus Trichoderma is a saprophytic fungus (Zaynitdinova, 2024). It is characterized by rapidly growing, hyaline colonies with repeated, branched conidiophores in tufts and divergent phialides that are often irregularly folded into a flaccid shape. The conidiophores may terminate in sterile appendages, with phialides borne only on lateral branches in some species. The conidia are hyaline or, more commonly, green, with smooth or rough walls. Hyaline chlamydospores are generally present in the mycelium of older cultures (Prasad, 2018).
1.3. Trichoderma isolation
Trichoderma can be isolated from soil samples (depth of 15 to 20 cm) (Sherimbetov et al., 2024) water (from ponds, rivers and other water sources) or the roots of healthy plants (Mistry & Bariya, 2022). Several techniques exist for the extraction of Trichoderma spp. However, serial dilution is one of the most widely used methods. Soil samples are taken from the rhizosphere of plants, dried, and then ground. Ten grams of each sample are placed in 90 ml of sterile distilled water and mixed using an orbital shaker for at least 10 minutes to obtain the dilution . Then, 1 ml of this dilution is placed in a test tube containing 9 ml of sterile distilled water to obtain the next dilution, and so on until the final dilution is reached. Using a micropipette, 100 μL of each dilution are spread onto Petri dishes containing Trichoderma-selective medium and incubated at 28 ± 1 °C for 4 to 5 days. Each identified Trichoderma colony is a colony-forming unit (CFU) and is subcultured into Petri dishes containing PDA for purification. (V. Kumar et al., 2023) ;(Sherimbetov et al., 2024). Rose Bengal Agar medium is also used for the isolation of Trichoderma (A. Kumar & Jha, 2023).
1.3.1. Selective culture media for the isolation of Trichoderma
[bookmark: _Hlk215002758]Due to its rapid growth and similar morphology to other competing fungi on culture media, isolating Trichoderma is not easy. Trichoderma Selective Medium (TSM) is known for its effectiveness in isolating and quantifying Trichoderma. It is characterized by a low glucose level and promotes the growth of Trichoderma while inhibiting the growth of other fungi (V. Kumar et al., 2023) ; (Sherimbetov et al., 2024). The formulation for one liter of TSM is: MgSO4 7H2O (0.2 g), K2HPO4 (0.9 g), KCl (0.15 g), NH4NO3 (1.0 g), glucose (3.0 g), rose bengal (0.15 g), agar-agar (20 g), chloramphenicol (0.25 g), sodium sulfonate (0.3 g), pentachloronitrobenzene (0.2 g), distilled water (1.0 L) pH 4(Singh et al., 2024).
Similarly, Trichoderma harzianum selective medium (THSM) is a culture medium used for the isolation of T. harzianum. It has almost the same composition as TSM, with the addition of antimicrobial agents such as 0.25 g of chloramphenicol, 9.0 ml of streptomycin, 1.2 ml of propamocarb, and 0.2 g of quintozene (Williams et al., 2003).
1.3.2. Growth media for Trichoderma
Ten different synthetic media (Trichoderma specific medium (TSM), Potato dextrose agar (PDA), Asthana & Hawkers, Richard's agar, Sabouraud's dextrose, Rose Bengal agar, Czapex Dox, Beef extract agar, Cooke's Rose Bengal, and Pikovaskys agar) were used to study the morphological characteristics of Trichoderma. PDA medium promoted the best growth of Trichoderma, followed by TSM, Pikovaskys agar, and Rose Bengal agar. Beef extract agar resulted in the weakest growth of this fungus. Excellent sporulation was obtained on PDA and TSM. Sporulation was good on Pikovaskys agar, Rose Bengal agar, and Sabouraud's dextrose. It was average on Asthana & Hawkers, Cooke's Rose Bengal agar, Czapex Dox, and Richard's agar, while it was poor on Beef extract agar. Similar results were obtained by(Jahan et al., 2013),(V. Kumar et al., 2023)Also, the same performance of PDA as a growth medium was obtained by (Talari et al., 2021) ; (Prashantha A. et al., 2024).
1.4. Identification of Trichoderma isolates
It should be noted that the majority of Trichoderma species are morphologically very similar (spore shape, colony color). This limits the accuracy of the identification method based on morphology (Sherimbetov et al., 2024). To this end, molecular genetics approaches with morphological analysis are effectively applied and allow for precise species identification (Sherimbetov et al., 2020).  (Wei et al., 2025) were based on morphological and molecular evidence for the identification of a new species of Trichoderma harzianum in Thailand. Similarly,(F. Wang et al., 2025) discovered and described four new Trichoderma species in bamboo consumed by giant pandas, using an integrated morphological and molecular approach. In honor of John Bissett,Cai and Druzhinina (2021) have developed authoritative guidelines on the molecular identification of Trichoderma. To this end, they have developed a molecular identification protocol for Trichoderma that requires the analysis of three DNA barcodes (ITS, tef1, and rpb2), and is supported by online tools available onwww.trichokey.info.(Soltani Nezhad et al., 2024a). They performed microscopic image processing and artificial intelligence to detect and classify the spores of three new Trichoderma species, including T. harzianum, T. atroviride, and T. virens. The genetic algorithm was used to identify the most effective visual characteristics for spore classification, including color, texture, and shape. The classification accuracy results for T. harzianum, T. atroviride, and T. virens were 100%, 90.48%, and 95.24%, respectively (Contreras-Soto et al., 2025). They reviewed several biocontrol strategies against plant-parasitic nematodes using Trichoderma spp. These nematodes act through mechanisms such as mycoparasitism, antibiosis, competition for space in the rhizosphere, production of lytic enzymes, and modulation of plant defense responses. They also produce metabolites that influence nematode motility, reproduction, and survival, such as gliotoxin, viridine, and cyclosporin A. Furthermore, they secrete enzymes such as chitinases, proteases, lipases, and glucanases, which degrade the nematode cuticle and their eggs. Additionally, Trichoderma species induce systemic resistance in plants through the modulation of phytohormones such as jasmonic acid, ethylene, salicylic acid, and auxins.
1.5. Preparation of Trichoderma inocula
· Solid medium
The mass production of Trichoderma relies on a series of controlled steps. First, the strain to be produced is cultivated on a nutrient medium (usually PDA). Then, a substrate such as rice, sorghum, or wheat is sterilized and inoculated with the Trichoderma culture. Incubation takes place at optimal temperature and humidity, promoting rapid colonization. After 7 to 10 days, the colonized substrate is dried, ground, and formulated with an inert carrier such as talc to stabilize the spores. Quality control can be performed to verify spore purity and density. Finally, the product is packaged and stored for sustainable agricultural use  (Dwivedi et al., 2024) ; (Castillo-Arévalo et al., 2025).
· Liquid medium
Liquid fermentation is an industrial method for the mass production of Trichoderma spp (Hewavitharana et al., 2018). It uses liquid nutrient media rich in sugars or plant extracts. The selected strain is inoculated into a fermenter containing this sterile medium. Growth conditions are carefully controlled: temperature between 25 and 30 °C, constant agitation to ensure oxygenation, and an appropriate pH. The fungus develops rapidly, producing abundant biomass composed of mycelium and spores. After a few days, this biomass is separated from the liquid by filtration or centrifugation, then dried. It is then formulated with inert supports such as talc or kaolin, which stabilizes the spores and facilitates their application in agriculture (Dwivedi et al., 2024). Various media, including potato dextrose broth, coconut water, and rice washing water to which sieved dried cow dung (2.5 g per 250 ml) had been added, were tested by (de Rezende et al., 2020) as a liquid medium for the mass production of Trichoderma spp. The media were placed in Erlenmeyer flasks and autoclaved after cooling with the addition of tetracycline (500 mg) to inhibit bacterial growth. Trichoderma spp. cultured on PDA were then inoculated into all the liquid media under sterile conditions and incubated at room temperature (28 °C).
· Combined method
The combined method for mass production of Trichoderma integrates liquid and solid fermentation to optimize the quantity and quality of inocula. Initially, liquid fermentation is used to rapidly produce a homogeneous and dense biomass of spores and mycelium in fermenters containing liquid nutrient media. This biomass then serves as a high-quality inoculum. Next, this inoculum is transferred to sterilized solid substrates (rice, sorghum, wheat, maize, or other agricultural supports), where Trichoderma efficiently colonizes the substrate due to its initial vigor. After incubation, the colonized substrate is dried, ground, and formulated with inert supports such as talc or kaolin (Dwivedi et al., 2024).
1.6. Optimal temperature and pH for Trichoderma growth
Temperature is an indicator of microbial activity in the composting process. Heat stress is one of the main abiotic stresses affecting the growth, sporulation, colonization, and survival of Trichoderma viride (Huang et al., 2024).
Preliminary experiments of (Huang et al., 2024) about the thermal resistance of the viride strain Tv-1511 with different temperatures (28°C, 33°C, 35°C, and 37°C) revealed that the optimal growth temperature for Tv-1511 was 28°C. Any increase in temperature significantly affected mycelial growth. We observed nearly 50% inhibition in Tv-1511 growth after 48 hours of treatment at 35°C and very little growth at 37°C. From the first week of composting, the temperature increases considerably, promoting the thermophilic phase. During this phase, the temperature of the compost inoculated with Trichoderma can reach 40°C (Méndez-Matías et al., 2018). The optimal temperature for the growth of Trichoderma mycelium is 25°C (Mishra et al., 2024) 25 to 30 °C, Gupta and Sharma, (2013), 20 to 30 °C (McGee et al., 2020). In their work, (Pfordt et al., 2025) suggest an optimal temperature range of 28 to 32°C for the growth of T. afroharzianum isolates. Trichoderma population dynamics are slowed or even absent in compost at 45°C (Gupta and Sharma, 2013). In vitro temperature tests have revealed growth tolerances at temperatures between 31 and 37 °C (McGee et al., 2020). Microbial analyses carried out during all phases of compost preparation indicated that Trichoderma spp. was eliminated by pasteurization at 60°C (Lombardi et al., 2023). During maturation, temperatures are around 30 and 35 °C (Bernal-Vicente et al., 2012 ; Budiono et al., 2015). The pH of mature Tricho-compost varies between 6.6 and 7.3(Budiono et al., 2015). pH influences the mycelial growth of Trichoderma. In his work, Shahid (2014) studied the effect of pH on Trichoderma population dynamics. A pH ranging from 6.5 to 7.5 gave the best results. Trichoderma isolates grow well over a wide pH range, with optimal growth occurring between 5 and 7 (Lombardi et al., 2023). The pH of ready-to-use Tricho-compost is between 6.8 and 8.4 (Budiono et al., 2015 ; Ahmed et al., 2019 ; Jahangir et al., 2021 ;  Komolafe et al., 2020) ; Lyu and Huang, 2022).
2. [bookmark: _Toc208776933]Effect of Trichoderma on the degradation of organic matter
Some studies have concluded that adding Trichoderma can accelerate the composting process by improving the decomposition of organic matter, including lignocellulosic compounds.  
(Li et al., 2024) elucidated the enzymatic characteristics of endoglucanase, β-glucosidase, and xylanase in Trichoderma guizhouence NJAU4742. The results demonstrated a synergistic degradation of natural straw by these enzymes. The combination of Trichoderma harzianum and Phanerochaete chrysosporium improves lignin degradation and promotes compost maturity (Zhai et al., 2025). A study of (Ansyori et al., 2025) confirms that Trichoderma primarily accelerates humification and stabilizes organic matter, offering a practical and low-cost option for managing household community organic waste within a circular economy framework.
Similarly, the results of (Organo et al., 2022) have confirmed that the Trichoderma-based compost activator can accelerate the decomposition of rice straw. Furthermore, co-inoculation with Trichoderma and Bacillus shortened the composting cycle and accelerated lignocellulose degradation.(S. Wang et al., 2024).  The results of (El-Shazly, 2020) show that inoculation with Trichoderma reesei produces cellulase and xylanase enzymes, which improves the efficiency of the compost and makes it more effective as a biocontrol agent against certain pathogenic fungi.
3. Trichoderma as a biocontrol agent
Biocontrol agents belonging to the genus Trichoderma play a fundamental role in reducing the use of chemical agents for pest control, primarily phytopathogenic fungi.(Guzmán-Guzmán et al., 2023). According to (Sherimbetov et al., 2024). The biocontrol mechanisms of Trichoderma may be:
· Mycoparasitism. Trichoderma develops in the soil and detects the presence of the target fungus through diffusible signals. It then forms specialized structures by producing appressers and wraps itself around the hyphae of the pathogenic fungus. Next, the fungus secretes hydrolytic enzymes, releasing chitinases and β-1,3-glucanases that degrade the cell wall of the target fungus. Finally, the Trichoderma hyphae penetrate those of the pathogen, leading to their destruction.
· Production of secondary metabolites through the production of toxins and antibiotics that inhibit pathogen growth. Indeed, one of the ways Trichoderma helps control plant diseases is by producing secondary metabolites that prevent the growth of pathogens (Soltani Nezhad et al., 2024b) ;
· Competition for nutrients and space through aggressive root colonization, secretion of siderophores that deprive pathogens of iron;
· Induction of plant defenses by stimulation of systemic resistance (production of salicylic and jasmonic acid).
Trichodermaspp. control Macrophomina phaseolina through parasitism and antibiotic mechanisms observed in in vitro tests. They reduce the severity of gray stem rot in bean crops (Sarzi et al., 2024). Trichoderma harzianum was tested for inhibiting the growth of Sclerotinia sclerotiorum, a devastating disease that affects several agricultural species, reducing productivity and crop quality. T. harzianum demonstrated greater efficacy in direct inhibition by mycoparasitism, reducing S. sclerotiorum growth by 46% (Abreu et al., 2025).
(Poveda, 2021) studied Trichoderma as a biocontrol agent against pests. It was shown that Trichoderma has an efficacy of up to 100% in controlling insect pests. It also controls insect pests through both direct and indirect mechanisms of action. Similarly, (Umadevi et al., 2018) has demonstrated that the Trichoderma harzianum MTCC 5179 strain impacts the population and functional dynamics of microbial communities in the rhizosphere of black pepper (Piper nigrum L.). Trichoderma asperelloides SKRU-01 and Trichoderma asperellum NST-009 have shown their effectiveness as biocontrol agents in the fight against post-harvest anthracnose of chili peppers (Boukaew et al., 2024).
4. Plant-Trichoderma interaction
Trichoderma species have attracted considerable interest as beneficial fungi for stimulating plant growth and immunity against phytopathogens. (Khan et al., 2023) studied the molecular mechanism by which Trichoderma stimulates plant growth and its immunity against phytopathogens. (Lucini et al., 2019) have shown that inoculation with Trichoderma atroviride differentially modulates the profiling of wheat root exudate metabolites.
For effective root colonization by Trichoderma to occur, mutual recognition via molecular dialogue is necessary (Khan et al., 2023).
Trichoderma produces molecules recognized by root cell receptors, such as cysteine-rich hydrophobins (Samolski et al., 2012) while the plant releases molecules in its exudates (carbohydrates, lipids, terpenoids and amino acids) recognized by Trichoderma, thus directing its growth (Lucini et al., 2019).
Once the Trichoderma hyphae come into contact with the roots, the penetration process begins. To penetrate the root, Trichoderma must be able to form channels for its hyphae through the plant's cell walls. Among the various proteolytic, cellulolytic, xylanolytic, and pectinolytic enzymes involved in degrading the cell wall, we highlight the relevant role of cellulolytic enzymes, such as swelling enzymes and ceratoplanins (Khan et al., 2023).
5. Trichoderma as a biostimulant
Much research has investigated the biostimulant potential of Trichoderma. They modulate microbial populations in the rhizosphere and improve nitrogen uptake efficiency, yield, and the nutritional quality of leafy vegetables (Fiorentino et al., 2018). Numerous lytic enzymes such as cellulase, xylanase, pectinase, endopolygalacturonase, glucanase, lipase, amylase, arabinase, and protease have been isolated from different strains of Trichoderma (Budiono et al., 2015) ; (Kour et al., 2019). The biostimulatory potential of Trichoderma has been studied by (Csótó et al., 2024). They concluded that foliar spraying of well-selected endophytic strains of Trichoderma can stimulate the growth, photosynthesis, and drought tolerance of sunflowers in open fields. Similarly, the biostimulant effects of Trichoderma asperellum in hydroponic spinach production were investigated by (Hernández-Huerta et al., 2025). The results showed that T. asperellum significantly increased plant height, collar diameter, root length, leaf area, number of leaves, fresh biomass accumulation, and yield. Also, (Padhan et al., 2025) evaluated the effects of both native (strains isolated from soil collected in farmers' vegetable and cereal fields) and commercial applications of Trichoderma spp. on the morphophysiological responses and antioxidant enzyme activities of various crops, including okra, beans, millet, maize, and mustard. The results indicate positive physiological responses and interactions induced by the Trichoderma treatment, highlighting the importance of integrating such ecological solutions into agricultural practices to promote both plant health and environmental management. Furthermore, a study of(Hollman-Aragón et al., 2024)demonstrated that native strains of Trichoderma have a biostimulant effect on plants and are more effective than commercial species.
6. Trichoderma as a plant pathogen
Although Trichoderma includes species widely used as biocontrol agents in agriculture, various cases of pathogenic behavior of these species on different crops have been reported over the years. T. afroharzianum, in particular, has recently been identified as a pathogen, causing diseases such as corn ear rot and infections in wheat (Pfordt et al., 2025) ; (Gong et al., 2024). Trichoderma virens has been identified as the causative agent of root rot disease in the medicinal plant Polygonatum cyrtonema. T. virens had previously been described as a pathogen of bulbous plants, but this is the first time the disease has occurred in tubers. Also, (Yang et al., 2021) isolated and identified Trichoderma asperellum as a new causal agent of green mold disease in sweet potatoes. Wilting of red leaf lettuce (Lactuca sativa L.) plants caused by Trichoderma longibrachiatum has been reported by (Sazali et al., 2023).
7. Tricho-compost production
The composition of the raw materials used in the production of Tricho-compost depends largely on their availability. Several methods can be used to produce Tricho-compost, and the maturation time of the compost varies from one system to another. Table 2 provides some methods and the production times for Tricho-compost.
Table 2: Raw materials for Tricho-compost, methods and duration
	Organic matter for composting
	Activator/stimulant
	Composting method
	Duration
	Author

	Biochar and manure compost
	EM4, Trichoderma, Molasses and rice wash water
	windrow
	21 days
	Andriani et al., 2023

	Cow, chicken and pig manure + mushroom waste in a proportion of 1:3:1:5
	Inoculation of T. asperellum at 0.2% on day 1 and after 45 days (after maturation)
	windrow

	52 days
	(Lyu & Huang, 2022)

	Household waste (75%) + cow dung (25%)
	Trichoderma Suspension 750 to 1000 ml / pit
	In the pit
	28 to 35 days
	Matin et al., (2019)

	Cow dung (45 kg), poultry waste (45 kg), water hyacinth (45 kg), sawdust (2 kg),
	3×10⁷ CFU/ml of Trichoderma harzianum, + 1 kg corn bran + 1 kg neem leaves + 1 kg ash + 500g molasses
	Cement cage
	40 to 45 days
	(Nahar et al., 2022)

	Horse, sheep and goat manure in a 1:1:1 ratio
	200 mL Trichoderma at a density of 10⁸ CFU/ml
	Concrete pits
	45 days
	(Jahangir et al., 2021)

	40 kg of chicken manure, 20 kg of laying hen manure, 40 kg of biochar,
	10 kg of Trichoderma inoculum + 1 liter of molasses (added after 12 days of composting),
	windrow
	30 days
	(Azhari Nur et al., 2024)

	Panicumspp + cow manure in a ratio of 3:1
	500 g of Trichoderma asperellum per 1000 kg of substrate
	windrow
	28 days
	(Komolafe et al., 2020)


8. The C/N ratio and the moisture content of the mixture
The optimal C/N ratio for the raw material mixture in compost production is 30 (Mentari et al., 2021 ; Rucakumugufi et al., 2021 ; Lyu & Huang, 2022). As for the C/N ratio of the finished product, the results obtained generally vary between 9.6 and 18.8  (Ahmed et al., 2019 ; Lyu & Huang, 2022 ; Jahangir et al., 2021; Komolafe et al., 2020 ; Lyu & Huang, 2022).
Water is necessary for the life and development of compost organisms. For rapid multiplication of Trichoderma in compost materials, the moisture content recommended by most authors varies between 60 and 70% (Faruk, 2019 ; Jahangir et al., 2021 ; Nahar et al., 2022).
9. Agronomic quality of Tricho-compost
The agronomic quality of Tricho-compost varies depending on the method and the composition of the raw materials. Table 3 shows the chemical element content of some Tricho-composts.

Table 3 : Agronomic quality of Tricho-compost
	Raw materials of
Tricho-composts
	MO
	N
	P2O5
	K2O
	N+P2O5+K2O (%)
	pH
	C/N
	Authors

	
	> 20
	< 3%
	< 3
	< 3
	< 7
	
	> 8
	StandardNF U44-051

	Trichoderma harzianum cow dung, poultry droppings, water hyacinth, plant waste, sawdust, corn bran and molasses
	20%
	1.2%
	14.1 µg/ml
	0.92%
	2.13
	8
	9.6
	Ahmed et al., 2019


	Chopped kitchen waste, Trichoderma harzianum
	44.8%
	2.4%
	1.26%
	1.42%
	5.1
	
	10.7
	Rahman et al., 2010

	Horse, sheep and goat manure in a 1:1:1 ratio
	48.9%
	1.5%
	158.4 ppm
	45 meq/100g
	
	6.45
	18.8
	Jahangir et al., 2021

	Cow dung + poultry waste + water hyacinth + plant waste + sawdust + corn bran + molasses
	
	2.4%
	1.26%
	1.42%
	5.1
	
	
	Akter et al., 2017

	[bookmark: _Hlk173706568]Panicum spp + cow manure in a ratio of 3:1
	31%
	2.4%
	0.75%
	2.37%
	5.52
	8.4
	10.6
	(Komolafe et al., 2020)

	A mixture of cow, chicken, and pig manure plus mushroom waste in a proportion of 1:3:1:5
	83.7%
	1.7%
	0.8%
	1.05%
	3.55
	7.9
	
	(Lyu & Huang, 2022)


10. Effect of Tricho-compost on crops
The contribution of Tricho-compost in terms of disease control, germination, growth and crop yield has been demonstrated by several research results.
10.1. Effect on disease control
[bookmark: _Hlk160565107]Compost enriched with T. viride has shown its effectiveness as an ecological bioproduct for integrated disease management and the promotion of plant growth (Jyoti & Khwairakpam, 2025). Tricho-compost significantly reduces the incidence and severity of bacterial blight (Widiati et al., 2023). Tricho-compost acts as a natural antifungal agent against harmful fungi (Faruk, 2019). Applying Tricho-compost at a rate of 3 tonnes/ha can reduce the incidence of banana wilt due to Panama disease by approximately 80% (Islam et al., 2021). Soil amendment with Tricho-compost reduces chickpea seedling mortality Faruk et al., (2014), and the rotting of the stems and roots of lentils (Faruk & Rahman, 2020). The results of Meilin et al., (2020) have shown that the severity of Phytophthora caused leaf diseases was lower in potato fields treated with tricho-compost and rice husk biochar. Tricho-compost reduced the severity of Fusarium wilt in tomatoes (Simamora et al., 2022). Tricho-compost combined with Tricho-leachate reduces the mortality of chili pepper seedlings (Nahar et al., 2022). Furthermore, Tricho-compost plays a role in the ecological management of Cercospora leaf spot disease in spinach. Indeed, Tricho-compost significantly improves germination, reduces mortality, and greatly decreases the incidence and severity of the disease (Sultana et al., 2024)
10.2. Effect on germination, growth and yield
Tricho-compost has a significant effect on plant height, number of leaves, number of primary branches, secondary branches, number of flowers, number of fruits, and tomato yield (Abedin et al., 2018). Tricho-compost was tested in combination with black silver plastic mulch by (Naisanu, 2025). The aim was to measure its impact on vegetative growth, specifically height, number of leaves, and pod yield. The results show that the application of Tricho-compost increases plant vigor, improves the quality and quantity of the harvest, and reduces reliance on chemical fertilizers. Similarly, its combination with organic liquid fertilizer optimizes nutrition and photosynthesis, increasing chlorophyll content.	
The combination of Tricho-compost and NPK yielded the highest biomass production. Tricho-compost alone improves soil structure and water retention, but when combined with NPK, it optimizes nutrient availability (Lestari et al., 2025). The work of Umbola et al., (2020) on the effect of Tricho-compost and PGPR (Plant Growth Promotion Rhizobacteria) on the vegetative growth of chili pepper plants revealed that the tallest plants were produced in the Tricho-compost treatment. Tricho-compost increases height, root volume, fruit length, and stimulates the flowering time of chili peppers (Manurung et al., 2015). Tricho-compost has a significant effect on growth, height, number of leaves, wet tuber weight, and wet root weight (Nova et al., 2020 ; Hadiawati et al., 2020). The work of Ahmed et al., (2019), show that Tricho-compost incorporated into the soil and Tricho-lixiviat in foliar spray improve flowering, fruiting, vegetative growth, earliness of the strawberry.
The application of Tricho-compost and rice husk biochar can increase potato quality and productivity by 28.6%, compared to farmers' existing technology (Meilin et al., 2020). Rahman & Uddin, (2021) compared the effect of different organic amendments, including Tricho-compost and vermicompost, on soil quality and rice yield. The best yield was obtained with the Tricho-compost treatment.
10.3. Effect on physicochemical parameters
Tricho-compost is primarily used as a soil amendment. It improves soil structure, can help regulate soil pH, and maintain soil temperature (M. Rahman & Birkey, 2015). Tricho-compost is a source of organic matter. It contains organic carbon and significant amounts of 11 elements, including nitrogen, phosphorus, potassium, sulfur, calcium, magnesium, boron, copper, iron, manganese, and zinc. It can therefore enrich soil fertility and provide adequate nutrition for crops. Applying tricho-compost improves soil structure, increases its water retention capacity, helps combat wind and water erosion, and improves soil aeration (Alam et al., 2018). (Nur et al., 2024) evaluated the effect of Tricho-compost in combination with various concentrations of organic liquid fertilizer (Eco Farming) on ​​the physiology of melon plants. The findings showed that Tricho-compost improves soil fertility by providing nutrients, water, and beneficial microorganisms. On another note,(Widiati et al., 2023) evaluated the impact of the combined application of vesicular arbuscular mycorrhizae (VAM) and tricho-compost on the growth, nutrient uptake, and yield of different soybean genotypes grown under dryland conditions. They showed that tricho-compost increases organic matter, cation exchange capacity (CEC), and base saturation, and improves NPK availability and uptake. Furthermore, the application of tricho-compost significantly increases soil pH, organic carbon, and total nitrogen, phosphorus (P₂O₅), and potassium (K₂O) content.(Iswati et al., 2025).
11. Use of Tricho-compost in growing substrates
When mixed with other raw materials, tricho-compost is often used in the formulation of growing media. The use of tricho-compost in soilless growing systems could improve sustainability, plant health, and productivity, while reducing environmental impact (Eliyanti et al., 2023). Tricho-compost is a key factor in the successful soilless cultivation of banana plantlets in vitro, particularly during the critical acclimatization phase. It optimizes vegetative growth and ensures a smooth transition between in vitro and natural cultivation conditions (Zulkarnain et al., 2023).
The effect of different culture media (soil, soil + Tricho-compost, sawdust + Tricho-compost) on the growth of Arenga pinnata was tested by (Prakoso & Widarawati, 2023). They showed that Tricho-compost enriches the soil with nutrients (N, P, K, organic C) and improves substrate structure. Adding Tricho-compost to the soil stimulates seedling growth and lightens the substrate, thus reducing transport costs. Experiments on different substrates and biochar doses conducted by (Gazi et al., 2024) to optimize sweet pepper cultivation showed that a substrate formulated with 60% soil + 30% cow manure + 10% tricho-compost gave the best overall results, improving plant nutrition and vigor compared to other amendments such as vermicompost, coco coir, and biochar alone. Similar results were obtained by (Haska, 2022) who studied the effect of different growing media on the growth and yield of tomatoes, peppers, and eggplants. The results showed that organic substrates or amendments (including Tricho-compost) improve the plants' mineral nutrition (N, P, K, Ca, Mg), promote faster growth, and encourage earlier flowering. The highest yields were obtained with mixtures containing Tricho-compost, confirming its role as a biological catalyst. Tricho-compost has been used by (Yoanma et al., 2022) as a fertilizer base, combined with biochar and NPK in 500g pots for the cultivation of red onion Allium ascalonicum L. It has contributed to better germination and initial plant growth, disease resistance during cultivation, and improved soil quality.
Conclusion
This review shows the production methods of Tricho-compost, the importance and effectiveness of using Tricho-compost in the fight against fungal diseases, and on crop growth and yield.
The production of Tricho-compost is simple and allows for the valorization of agricultural and industrial waste, and thus to increase agricultural productivity, reduce the negative impacts of agriculture on the environment and minimize dependence on very expensive mineral fertilizers.
She also highlighted the considerable potential of Trichoderma spp. as a biological agent for sustainable agriculture. Its inoculation during the composting process has proven to be an effective strategy for accelerating maturation and improving the quality of the final product, primarily due to its ability to degrade recalcitrant lignocellulosic compounds. Growth parameters, including an optimal temperature of 25-30°C and a slightly acidic to neutral pH, must be carefully controlled to ensure its effectiveness.
Trichoderma is also a leading biocontrol agent against many pathogens, acting through both direct and indirect mechanisms. Its role as a biostimulant is increasingly documented, with evidence of improved crop growth, yield, and resilience.
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