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ABSTRACT

	Aims: Intensive agriculture in sub-Saharan Africa, particularly Côte d’Ivoire, degrades soils through physical and biological erosion, reducing their productive capacity. This study explores sustainable fertilization using earthworm casts to enhance soil fertility.
Methodology:Four localities of the city of Daloa (Côte d’Ivoire), namely the neighborhoods “Abattoir”, “Tazibouo Université”, “Tagoura” and “Soleil” were investigated on February 2025. In each neighborhood study site, 2 two composite samples (earthworm casts and surrounding soil) were collected, totalizing for all sites, 8eight composite samples. Analyses focused on (i) the fungal and bacterial diversity of the casts and soil and (ii) the effect of different quantities of these casts on the physicochemical characteristics and biomass of the soil. For the latter, varying amounts of earthworm casts were mixed with soil to obtain substrates enriched at 0%, 5%, 10%, 15% and 20%.
Results:Several fungal genera, including Aspergillus, Trichoderma, Mucor, Rhizopus, Neurospora, Sclerotinia, as well as Pseudomonas bacteria, were identified in the collected earthworm casts and soil. The highest and lowest pH value in experimental substrates were 7.16 and 6.7 respectively. Titratable acidity varies between 0.004% and 0.1%.Experimental substrates T5 and T10 enriched with 5% and 10% casts exhibited the highest bacterial biomasses, with 3.4 × 105 CFU/g and 2.5 × 105 CFU/g, respectively.
Conclusion: Earthworm casts and the surrounding soil demonstrated fungal and bacterial diversity of agricultural interest. Experimental substrates T5 and T10 enriched with 5% and 10% presented the highest bacterial biomasses. These substrates provide improved conditions for soil fertilization.
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1. INTRODUCTION

Soil is an ecosystem located at the interface of four major Earth spheres such as the atmosphere, hydrosphere, biosphere, and lithosphere that continuously interact with one another. It is both an organic and mineral medium, harboring the greatest diversity of terrestrial organisms, most of which, particularly microorganisms, are closely linked to major biogeochemical cycles and thus to soil functioning (Basu et al., 2021; Timmis & Ramos, 2021). Soil is a non-renewable resource on a human timescale that provides multiple ecosystem services, among which supporting and provisioning services draw particular attention due to their direct connection with food security (Anikwe & Ife, 2023). Indeed, as the foundation of agricultural production, soil is increasingly pressured by the continuous growth of the global population. This pressure is manifested through the expansion of intensive agriculture, developed in response to rising food demand and economic needs associated with demographic growth (Sial et al., 2021; Timmis & Ramos, 2021). The trend is further accentuated in many African countries experiencing high demographic growth rates (Mugizi & Matsumoto, 2020). Intensive agricultural practices are characterized by the massive use of inputs (chemical fertilizers, pesticides, irrigation, improved seeds) and mechanized techniques aimed at achieving high yields on limited land areas (Ouina et al., 2025).
In Côte d’Ivoire, a Sub-Saharan African country, intensive agriculture was the main driver of the first economic miracle during the 1970s and 1980s (WBG, 2019). However, although it significantly increased agricultural productivity, this intensive production system now raises serious concerns both nationally and globally due to its negative environmental impacts, particularly soil degradation (Bayata, 2024; Sudarshan et al., 2024). Soil degradation is the decline of vital soil properties that enable it to perform its natural roles of storing water and nutrients, supporting roots and plants, serving as a biodiversity reservoir, filtering pollutants and sequestering carbon. Excessive use of chemical fertilizers, pesticides and unsustainable farming practices accelerate the loss of soil fertility, deplete soil biodiversity and compromise the sustainability of agricultural ecosystems (Bayata, 2024). Intensive agricultural dynamics, especially in high-production areas such as the Daloa region (central-west Côte d’Ivoire), place mounting stress on soils, leading to both physical and biological erosion that reduces soil capacity to sustain agricultural production (Ouinaet al., 2025). In this context, the concept of soil biological quality emerges as a central indicator of soil health. It refers to the soil’s ability to maintain stable and functional biological activity, largely ensured by microorganisms and soil macrofauna (Bünemann et al., 2018). These living organisms play a key role in ecological processes such as organic matter decomposition, nutrient cycling regulation and improvement of soil physical properties. Among this macrofauna, earthworms occupy a prominent place. Rightly called “ecosystem engineers,” earthworms influence soil structure, facilitate aeration, accelerate organic matter mineralization and actively regulate microbial communities (Lehmann et al., 2020; Abbas et al., 2025). Their excreta, known as casts, are structures rich in organic matter and microorganisms. These casts constitute distinct microhabitats, biologically dynamic and favorable to fungal and bacterial diversity (Aira et al., 2019; Lejoly et al., 2024), thus representing an excellent support for microbial activity. In Daloa, despite the economic importance of agriculture, biological soil analyses—ideally required before plantation establishment—are often not conducted. The ecological roles of earthworms and their casts are poorly understood and therefore undervalued in agricultural practices. This limited or approximate knowledge hinders the adoption of more sustainable practices, even though casts could serve as relevant tools to improve soil fertility. This study, aligned with Sustainable Development Goal 2 “Zero Hunger” (UN, 2025), aims to reconcile agricultural productivity with environmental preservation. A better understanding of the microbial diversity associated with these natural structures (casts) is crucial to assess their influence on soil biological quality. Furthermore, this knowledge would enable the proposal of soil management strategies better adapted to local realities. The general objective of this study is to contribute to biological soil fertilization in Daloa through the use of earthworm casts. Specifically, the fungal and bacterial diversity of earthworm casts and surrounding soil was determined and the effects of different quantities of casts on soil physicochemical characteristics and biomass were evaluated.	Comment by Reviewer: This is not true. This is a well investigated area.	Comment by Reviewer: There are already many previous studies in this line.

2. material and methods 

2.1 Study site

This study was conducted in Daloa, a city located in the western part of Côte d’Ivoire (Figure 1). The soil there is ferrallitic and the climate is tropical with four well-defined and consecutive seasons (Adjiriet al., 2019). Samples of earthworm casts and soils used for the various analyses were collected specifically in the neighborhoods “Abattoir”, “Tazibouo Université”, “Tagoura” and “Soleil” with respective geographic coordinates “6.8283333 and -6.4375”, “6.9075 and -6.436944”, “6.9325 and -6.46555” and “6.8782248 and -6.491246".Furthermore, work by Toure et al. (2023) indicated Millsonia lamtoiana, M. omodeoi, Dichogaster baeri, D. terraenigrae, D. saliens, D. erhrhardti, D. papillosa, D. eburnean, Dichogaster sp.,  Hyperiodrilus africanus, Stuhlman niazielae, S. palustris, and Gordiodrilus paski as species of earthworms found in the Daloa area.	Comment by Reviewer: Add authorities for the scientific names at their first mention.
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a-Map of Côte d’Ivoire
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b-Map of Daloa city with different sampling sites

Fig. 1. Geographic distribution of sampling sites


2.2 Materials

The study materials consisted of earthworm castings and surrounding soil collected from different localities (“Abattoir”, “Tazibouo Université”, “Tagoura” and “Soleil”) listed in the study site section.

2.3 Sampling

Soil and earthworm cast sampling was carried out during February 2025 following the method described by Ouina et al. (2020) (Figure 2). On a circular area of approximately 6 m in diameter, five elementary samples of earthworm casts (each weighing between 4 and 5 g) and two elementary samples of surrounding soils were collected. The sampling points of the elementary samples were spaced at least about 2 m apart. The casts were collected from the soil surface, while the soil was sampled at a depth of about 15 cm. The different elementary samples of casts and soils collected were mixed in the laboratory to obtain, for each site, a composite sample of soil and casts. In total, 8 eight composite samples— 4 four soil samples and 4 four cast samples—were collected and subjected to subsequent analyses.	Comment by Reviewer: Explain how the soil samples were actually collected.	Comment by Reviewer: Explain how replicates were created for determining various parameters.	Comment by Reviewer: How could you perform statistical analysis with composite samples?
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2.4 Isolation of micro-organisms

Microbiological analysis were carried out using culture media buffered peptone water, Luria–Bertani (LB), Sabouraud with chloramphenicol, Plate count agar (PCA), and Cetrimide agar. These culture media were prepared according to the manufacturers' instructions. 
For bacterial isolation, a stock suspension was prepared from earthworm cast and soil samples followed by decimal dilutions in accordance with the applicable standard methods. Briefly, for stock suspension, 10 g of each sample were aseptically mixed in 90 mL of buffered peptone water (Difco, Becton Dickinson, Sparks, MD, USA); the whole were stirred for 30 minutes, then allowed to stand for 15 minutes. Volumes (1 mL and 100 µL) of stock suspension or tenfold serial dilutions were respectively inoculated into the depth on PCA for isolation of total aerobic mesophilic germs bacteria and spreaded on Cetrimide agar for Pseudomonas isolation. Cultural conditions were 30°C/24h-48h (ISO 4833-1:2013/Amd 1, 2022; Ouinaet al., 2025). After incubation phase, presumptive colonies of Pseudomonas sp. bacteria with fluorescent appearances and exhibiting distinct macroscopic characteristics were identified through a series of morphological observations and conventional biochemical reactions. Several characteristics such as morphology, coloration, catalase, and oxidase reactions, respiratory type and ability to ferment glucose on Kligler-Hajna media were examined on purified isolates (Ouinaet al., 2025). 	Comment by Reviewer: These types of conventional methods is not accepted for identification in mordern bacteriology.
Fungi were isolated from earthworm cast and soil samples through the technique of soil plates. Practically, amounts of 5 five mg of each sample collected from study site were weighed and placed in Petri dishes without ergot. Twenty milliliters of Sabouraud with chloramphenicol, previously prepared and kept in super cooling at 45-50°C, were added thereto. Weighed earthworm cast and soil were immediately dispersed in culture medium with gentle stirring until solidification. Petri dishes were incubated at 30°C for 72 hrs to 7 days. Morphologically different fungal colonies observed after incubation, were purified and phenotypically identified based on their macroscopic characteristics (shape, relief, and colour of the colonies, surface characteristics, pigmentation, culture time) and microscopic characteristics (hyphal partitioning, presence of chlamydospores, shape and size of conidia, phialides) (Ouina et al., 2020). 
Micro-organisms (total aerobic mesophilic germsmicroorganisms, Pseudomonas, and molds) isolated on media culture were enumerated according to ISO 4833-1:2013/Amd 1, 2022 and ISO 21527-2 (2008). The isolation frequency (IF) of identified fungi was calculated according to Walder formula and the diversity of fungal species was assessed using the Shannon–Weaver diversity index (H’) and Pielou’s evenness index (E) as indicated ing by Tapwal et al. (2023). 

2.5 Evaluation of heat resistance in Pseudomonas isolates

The heat resistance of Pseudomonas isolates was assessed to determine their capacity to survive or proliferate following exposure to elevated temperatures. Isolates were initially cultivated in Luria–Bertani (LB) broth at 30 °C for 24 h. For each isolate, duplicate cultures were prepared, yielding two sets of 24‑h broth cultures. One set (test cultures) was subjected to heat treatment by immersion in a water bath at 80 °C for 20 min, while the second set (control cultures) remained untreated. Subsequently, aliquots from both treated and untreated cultures were surface‑inoculated onto cetrimide agar plates. The plates were incubated at 30 °C for 24–48 h, after which colony counts were performed to evaluate survival and growth.	Comment by Reviewer: ??	Comment by Reviewer: On what basis this temperature was selected?	Comment by Reviewer: ??

2.6 Physicochemical and microbial analysis of soils enriched with earthworm casts

To assess the influence of earthworm castings on soil biological activity, five experimental substrates were formulated by incorporating graded proportions of castings into a homogeneous soil matrix. The treatments consisted of soils enriched with castings at rates of 0%, 5%, 10%, 15%, and 20% codified T0, T5, T10, T15, and T20 respectively. Each mixture was prepared to yield 750 g of substrate, following the proportions outlined in Table 1. For each experimental condition, enriched soil was subjected to a series of biological and physicochemical analyses at three time points: Day 0 (initial), Day 5 (5 days after initial point), and Day 10 (10 days after initial point corresponding to final point). pH and titratable acidity were determined in accordance with standard ISO 10390 (2021) and ISO 14388-3 (2014) respectively. The bacterial biomass was evaluated by enumerating the total aerobic mesophilic flora. Enumeration was performed using the mass seeding method described in Section 2.4.



	Table 1. Composition of experimental soil substrates enriched with castings

	Substrates
	Proportion of enriched substrates

	
	T0
	T5
	T10
	T15
	T20

	
	0%	Comment by Reviewer: Explain how these concentrations were fixed.
	5%
	10%
	15%
	20%

	Earthworm casts (g)
	0
	35.5
	75
	112.5
	150

	Soil (g)
	750
	712.5
	675
	637.5
	600

	Final amount of soil substrates with castings(g)
	750
	750
	750
	750
	750





2.6 Statistical analyses	Comment by Reviewer: Statistical analysis should not be performed with data from technical replicates (composite samples).

The data collected during the various laboratory experiments were entered using Excel 2021 and analyzed with Statistica software version 7.1 (Statsoft Inc., Tulsa, USA Headquarters). An analysis of variance at the 5% significance level was performed to compare the frequencies of fungi isolation and bacterial abundance according to sites and matrices.

3. results

3.1 Morphological characteristics of fungi isolated from earthworm casts and soil

Mycological analysis of the different matrices (earthworm casts and soil) led to the isolation of molds belonging to six genera: Aspergillus, Trichoderma, Mucor, Rhizopus, Neurospora, and Sclerotinia. The description of the macroscopic and microscopic characteristics of these fungi is presented in the table 2 below.


	Table 2. Description of micromycetes isolated from earthworm cast samples and soil

	Molds
	Macroscopic features
	Microscopic features	Comment by Reviewer: Mark scale bars on the microscopic images.

	Aspergillus sp1.
	[image: ]
	Circular black colony with white border, black reverse, powdery appearance, moderate growth with low/flat mycelium
	[image: ]
	Presence of black aspergillar heads at maturity; Long conidiophores

	Aspergillus sp2
	[image: ]
	Greenish colony with a white margin, beige reverse, floccose appearance and moderate growth with low mycelium
	[image: ]
	Erect conidiophores terminating in a vesicle bearing phialides; chains of round conidia

	Aspergillus sp3.
	[image: ]
	Greenish to yellowish colony with a beige reverse, floccose to powdery appearance and moderate growth with low mycelium
	[image: ]
	Short, smooth, hyaline conidiophores with a progressive widening of the aspergillar heads

	Aspergillus sp4.
	[image: ]
	Whitish colony, becoming entirely green by the 5th day, with a striated beige reverse ; floccose texture and moderate growth, low, appressed mycelium
	[image: ]
	Septate hyphae bearing erect, elongated conidiophores that terminate in swollen aspergillar heads

	Mucor sp.
	[image: ]
	Whitish colony with beige reverse, cottony appearance and rapid growth with aerial and invasive mycelium
	[image: ]
	Conidia enclosed within a sac; presence of a few conidiospores

	Rhizopus sp.
	[image: ]
	Whitish colony turning grayish by the 5th day, with a beige reverse. cottony texture and rapid growth, aerial and invasive mycelium
	[image: ]
	Sporangiophores arranged in clusters arising from well-developed rhizoids; absence of chlamydospores

	Trichoderma sp.
	[image: ]
	Colony initially whitish, becoming greenish by the 5th day, with a beige reverse; floccose texture, rapid growth, low, appressed mycelium
	[image: ]
	Conidiophores with branching; conidia arranged in chains

	Neurospora sp.
	[image: ]
	Colony initially whitish, becoming orange by the 5th day, with a beige reverse, cottony texture and rapid growth, invasive mycelium
	[image: ]
	Hyphae with fine, transparent filaments intertwine to form a mat

	Sclerotinia sp.
	[image: ]
	Colony whitish-‑gray with a beige reverse, cottony appearance, rapid growth and aerial, invasive mycelium
	[image: ]
	Chlamydospores occasionally observed. Filaments in the form of axons intertwine to form a mat




3.2 Fungal Density in Soil and Earthworm Cast Samples Across Sites

Figure 3 illustrates the fungal load isolated from soils and earthworm casts at the investigated sites. Across all sampling locations, the fungal density was significantly higher in earthworm casts compared to the surrounding soils. Notably, samples from the “Quartier Soleil” site exhibited the highest values, with 1.8 × 10³ CFU/g in casts and 1.1 × 10³ CFU/g in soils. These were followed by samples from Quartier Abattoir (1.62 × 10³ CFU/g), Quartier Tagoura (1.47 × 10³ CFU/g) and finally Quartier Tazibouo Université, which recorded the lowest value at 1.07 × 10³ CFU/g in casts. The fungal densities observed among the samples varied significantly between sites (p < 0.05).













	Legend :
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Fig. 3. Fungal load of in earthworm cast and soil samples across different sites	Comment by Reviewer: Does the error bars indicate standard error or standard deviation? What does the alphabets over the bars specify and how to read them?


3.3Fungal diversity in earthworm casts and soils

3.3.1 Species richness

In the neighborhoods of Tazibouo Université, Abattoir and Tagoura—representing 75% of the study sites—the earthworm cast samples exhibited a higher fungal species richness compared to the surrounding soils. Conversely, at Quartier Soleil, the soil contained more fungal genera than the casts. The Abattoir site displayed the greatest fungal richness, with five species identified in casts and four in soils. Fungal species isolated on Sabouraud medium supplemented with chloramphenicol potentially belonged to six genera of micromycetes: Mucor, Rhizopus, Trichoderma, Aspergillus, Neurospora, and Sclerotinia.

	Table 3.  Species richness of earthworm casts and soils across sites

	Moulds
	Tazibououniversité
	Abattoir
	Tagoura
	Soleil

	
	Casts
	Soil
	Casts
	Soil
	Casts
	Soil
	Casts
	Soil

	Aspergillus sp1
	+
	-
	+
	-
	+
	-
	-
	+

	Aspergillus sp2
	+
	+
	-
	-
	+
	+
	+
	+

	Aspergillus sp3
	+
	+
	+
	-
	-
	-
	-
	-

	Aspergillus sp4
	-
	-
	-
	-
	-
	-
	+
	+

	Mucor sp.
	-
	-
	-
	-
	+
	-
	-
	+

	Rhizopus sp.
	-
	-
	+
	+
	-
	-
	-
	-

	Trichoderma sp.
	-
	-
	+
	+
	-
	-
	-
	-

	Neurospora sp.
	-
	-
	+
	+
	-
	-
	-
	-

	Sclerotinia sp.
	-
	-
	-
	+
	-
	+
	-
	-

	Richness 
	3
	2
	5
	4
	3
	2
	2
	4

	+ or - : fungal presence or absence


3.3.2 Isolation frequency and ecological diversity metrics of fungal communities

In this study, the isolated micromycetes (Aspergillus, Mucor, Rhizopus, Trichoderma, Neurospora, and Sclerotinia) exhibited variable isolation frequencies depending on the site and the matrix (Figures 4). The genus Aspergillus was detected at nearly all sites, both in earthworm casts and in soil samples. It was followed by Sclerotinia (present at 75% of sites) and then by Trichoderma and Mucor (each present at 50% of sites). The genera Mucor and Rhizopus, belonging to the class Zygomycota, were particularly abundant in the casts from the Abattoir site. Trichoderma was found exclusively in the casts from Tagoura and Abattoir, with a moderate relative abundance. The assessment of ecological diversity indices associated with the mycoflora of earthworm cast samples yielded the data presented below (Table 4). Shannon indices are approximately similar across sites, with values ranging between 1 and 2. Equitability for each site tends toward 1.


	Table 4. Diversity indices of earthworm casts across sites

	Ecological indices 
	TazibouoUniversité
	Abattoir
	Tagoura
	Soleil

	H’
	1,05	Comment by Reviewer: Use dot instead of comma as decimal seperator.
	
	1,67
	
	1,24
	
	1,47

	E
	0,96
	
	0,93
	
	0,90
	
	0,91
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3.4 Thermoresistance of Pseudomonas sp. isolates

Among the morphologically distinct bacterial strains isolated on cetrimide medium from earthworm casts, ten colonies exhibited the biochemical characteristics of Pseudomonas. The thermoresistance assay applied to these isolates (Pseudomonas sp. 1 to Pseudomonas sp. 10) revealed growth only for isolate Pseudomonas sp. 2, corresponding to a survival rate of 10% after treatment.

	Table 5. Assessment of thermoresistance in Pseudomonas sp. isolates	Comment by Reviewer: Delete the table as the data is already there in the results.

	
	Bacterial growth

	
	Before heat treatment
	After heat treatment

	Pseudomonas sp. isolates
Survival
	10
100%
	1
10%





3.5 Effect of earthworm casts on the biological and physicochemical characteristics of soil

Bacterial biomass, pH and titratable acidity evaluated in the experimental substrates (soils enriched with different proportions of earthworm casts) are presented in the graphs below (Figures 5). The data indicate, for each experimental substrate, a significant difference generally observed in the bacterial abundance of samples collected on day 0, day 5, and day 10. Bacterial load increased between day 0 and day 5, reaching the highest values of 3.4 × 10⁵ CFU/g and 2.5 × 10⁵ CFU/g for substrates T5 and T10, respectively. Between day 5 and day 10, bacterial loads decreased across all substrates. Regarding physicochemical parameters, pH and acidity levels evolved inversely in all substrates. Except for substrate T10, pH decreased between day 0 and day 10 in substrates T0, T5, T15, and T20. The highest and lowest pH value recorded were 7.16 and 6.7 respectively. Titratable acidity varieds between 0.004% and 0.1%.

 (
See comments for Figure 3
)
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Fig. 5. Biological and physicochemical characteristics of soil substrates enriched with castings
T0, T5, T10, T15 and T20: Treatments corresponding to soils enriched with castings at rates of 0%, 5%, 10%, 15%and 20% respectively
4. DISCUSSION

Intensive agricultural practices in the production zones of Daloa exert increasing pressure on soils. This pressure, manifested through both physical and biological erosion, compromises the ability of soils to provide ecosystem services, particularly their capacity to sustain agricultural production (Zhang et al., 2022). Earthworm casts, as distinct and biologically dynamic microhabitats (Aira et al., 2019), may serve as a means for rehabilitating fungal and bacterial diversity in soils.	Comment by Reviewer: This is already well established in theliterature.
The mycological analysis conducted on earthworm casts and surrounding soils in Daloa revealed a notable fungal diversity. The six fungal genera identified can be grouped into three categories. The first category comprises fungi of agricultural interest that may serve as biocontrol agents against phytopathogenic organisms, including Aspergillus (García-Condeet al., 2023), Trichoderma, and Neurospora (Guzmán-Guzmán et al., 2023; Fofana et al., 2025). This group exhibited the greatest richness. The second category, represented by Sclerotinia, includes phytopathogenic fungi (Zhu et al. 2024). The third category, encompassing Rhizopus and Mucor, is associated with post-harvest rots (Souza et al., 2025). This composition reflects the varied fungal communities typical of tropical soils rich in organic matter. Dominance of the genus Aspergillus corroborates the work of Revathy et al. (2024) who highlighted the predominance of this genus in enriched terrestrial ecosystems. Its high isolation frequency in earthworm casts represents a favorable factor for their valorization as biological fertilizers, owing to the biocontrol capacities associated with these fungi (Ngoet al., 2021). Furthermore, fungal density was significantly higher in casts than in surrounding soils across all sites, with peaks observed at Quartier Soleil. This observation supports the hypothesis that casts act as “microbial hotspots” due to their high organic matter content, moisture, and aerated structure, which favor fungal colonization (Lejoly et al., 2024). Regarding species richness, the majority of sites (75%) exhibited greater fungal diversity in casts than in and soils, reflecting a selective effect of these microstructures on microbial communities. Only the Soleil site showed the opposite trend. This may be related to inter-‑microbial competition within the earthworm casts (with Pseudomonas bacteria limiting fungal access to resources) and to the ecological selection exerted by earthworms (Alattas et al., 2024). Aspergillus was ubiquitous, whereas Trichoderma was isolated exclusively from casts at two sites. This selective distribution confirms the observations of Aira et al. (2019), who reported that the digestion of organic matter by earthworms influences microbial composition through mechanical, chemical, and enzymatic effects. Ecological indices (Shannon diversity and evenness) further confirmed that casts harbor both high and balanced fungal diversity. For instance, the Shannon index reached 1.67 at the Abattoir site, while evenness values (J) approached or reached unity at several sites, indicating a homogeneous distribution of species. These findings align with the conclusions of Gardi & Jeffery (2013), who consider earthworm casts to be important ecological niches in tropical soils.	Comment by Reviewer: This could be an artefact of  sampling approach.	Comment by Reviewer: For this differences in organic matter content in the soil and vermicast are essential.
Based on morphological characteristics, respiratory enzyme activity and glucose utilization, identification tests performed on bacteria isolated from earthworm casts using cetrimide medium yielded ten (10) Pseudomonas isolates. Pseudomonas are well-known as normal inhabitants of agricultural soils as well as diverse ecosystems, including earthworm excreta. Comparative microbial analyses of different types of earthworm casts collected in Ikenne, Ogun State, Nigeria, indicated the presence of several microorganisms, among which Pseudomonas was prominent (Van-Capelle et al., 2012). These bacteria are considered among the most important members of the rhizosphere. Several studies have demonstrated the presence and significance of Pseudomonas in the rhizosphere of plants such as banana, soybean, and maize (Lal, 2020; FAO et al., 2020). Fluorescent Pseudomonas are is rhizobacteria engaged in cooperative interactions with plants. They possess a wide range of phytobeneficial functions with diverse modes of action on plant development, nutrition, and health (Ouinaet al., 2025). Their occurrence in earthworm casts collected from the investigated sites is therefore of agronomic interest for improving soil fertility. Thermotolerance testing of the ten Pseudomonas isolates obtained from casts revealed a low survival rate (10%) following heat treatment. This indicates limited heat tolerance, possibly related to the inability of Pseudomonas to form spores, among other factors (Iseppi et al., 2020).	Comment by Reviewer: Repetition of the results.	Comment by Reviewer: Cite suitable studies.	Comment by Reviewer: Repetition of the results.	Comment by Reviewer: Discuss the mechanism behind the heat tolerance in the 10% of the isolates.
The enrichment of experimental soils with earthworm casts resulted in variations in both biological and physicochemical parameters, namely bacterial biomass, pH, and titratable acidity. During the first five days, microbial biomass increased, reflecting enhanced biological activity within the experimental substrates. Microbial biomass, composed primarily of bacteria and fungi, plays a central role in decomposing crop residues and organic matter in soils. This decomposition process releases essential nutrients such as nitrogen (N), potassium (K), phosphorus, (P)and sulfur (S), which become available for plant uptake (FAO et al., 2020). A high microbial biomass is therefore a key indicator of a healthy soil ecosystem, where microorganisms drive nutrient cycling and decomposition processes. Among the experimental treatments, T5 and T10 exhibited the highest biomass levels on day 5, suggesting that these soil–cast mixtures contained the most favorable proportions of casts. According to Edwards & Arancon (2022), earthworm casts enhance microbial activity and soil fertility due to their nutrient richness and structural properties.	Comment by Reviewer: What is the use of introducing the symbols for elements when not used further?

4. Conclusion

This study highlights the richness and diversity of fungal and bacterial communities in earthworm casts and surrounding soils from the investigated localities in Daloa. These matrices represent true microhabitats conducive to the establishment of organized, diverse and functionally active microbial communities. The presence of agronomically relevant fungi such as Aspergillus, Trichoderma, and Neurospora, along with Pseudomonas spp. strains in earthworm casts, underscores their potential role in pathogen biocontrol and soil health improvement. The experimental soil–cast substrates T5 and T10, characterized by the highest microbial biomasses (3.4 × 105 CFU/g and 2.5 × 105 CFU/g respectively), emerged as the most effective mixtures with optimal cast proportions. Thus, earthworm casts should not be regarded merely as residues, but rather as essential agents of soil regeneration and microbial ecosystem stimulation, contributing to the sustainability of agricultural production.
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