BIOLOGICAL CONTROL OF ROOT-KNOT  NEMATODES IN VEGETABLE CROPS USING TWO STRAINS OF TRICHODERMA SPP IN TRICHODERMA SPP COTE D’IVOIRE	Comment by 1المظلة2021: The title is clear and informative, accurately reflecting the focus on biological control of root-knot nematodes in vegetable crops using Trichoderma spp. in Côte d’Ivoire. However, it could be slightly shortened for readability, for example: “Biological Control of Root-Knot Nematodes in Tomatoes Using Trichoderma spp. in Côte d’Ivoire.” This keeps it precise while retaining the main scope.
ABSTRACT	Comment by 1المظلة2021: The abstract clearly summarizes the study’s objectives, methods, and main findings. It highlights the effectiveness of Trichoderma spp. against root-knot nematodes but could be improved by briefly mentioning the comparison between preventive and curative applications and the positive effect on flowering to make it more comprehensive.
Tomato cultivation (Solanum lycopersicum L.) plays an important role in Côte d'Ivoire's agricultural system and local economy, contributing to food security and producer incomes. However, despite the use of chemical inputs and organic fertilizers, yields remain below national demand. This situation is mainly linked to soil degradation, phytopathogenic diseases, and attacks by soil-dwelling pests, particularly parasitic nematodes. Among these, root-knot nematodes of the genus Meloidogyne are recognized as the most harmful, causing root deformities, reduced nutrient uptake, and significant losses in yield and fruit quality. Given the environmental and health limitations of chemical control methods, biological control appears to be a sustainable alternative. Fungi of the genus Trichoderma spp. are widely studied for their biocontrol potential, based on mechanisms of competition, antibiosis, parasitism, and induction of systemic plant resistance. The objective of this study was to evaluate the effectiveness of different strains of Trichoderma spp. in controlling root-knot nematodes (Meloidogyne spp.) in tomato crops, under preventive and curative conditions, as well as their effects on certain agronomic parameters. The experiment involved twelve treatments, each comprising eight plants, for a total of ninety-six plants. Two strains of Trichoderma spp. were applied at a concentration of 10⁷ spores/mL at a rate of 20 mL per plant. Second-stage juveniles (J2) of the nematodes were isolated from egg masses collected from infested lettuce roots. The parameters evaluated included root gall index, nematode density, and certain vegetative growth parameters. The results showed a significant reduction in root gall index and nematode densities in plants treated with Trichoderma spp. (p < 0.05) compared to inoculated controls. However, no significant effect was observed on growth parameters. These results confirm the potential of Trichoderma spp. strains as a sustainable biocontrol tool for root-knot nematodes in vegetable crops.
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INTRODUCTION	Comment by 1المظلة2021: The introduction provides a strong background on tomato cultivation, the impact of root-knot nematodes, and the relevance of biological control using Trichoderma spp. It effectively establishes the research problem and objectives. However, it could be slightly more concise by reducing some detailed nutritional information and focusing more on the nematode problem and biocontrol rationale.
[bookmark: _Hlk211949178][bookmark: _Toc210815209]Market gardening in rural, peri-urban, and urban areas is a dynamic source of food and income in many African cities ( Segnou et al ., 2012 ). Tomatoes, in particular, are essential to the daily diet. The tomato (Solanum lycopersicum) is widely consumed and provides income due to its high nutritional value ( Hanson, 2001 ). Tomato cultivation also plays a vital socio-economic role in Côte d'Ivoire (Soro et al ., 2007) . From a nutritional and therapeutic standpoint, tomatoes are recognized for their beneficial properties. They are particularly rich in lycopene, an antioxidant that may help prevent certain cancers, such as colon, breast, and prostate cancer. Furthermore, their potassium content helps reduce hypertension and limit excess salt in the body (Dossou et al ., 2007) . Thanks to its composition of vitamins, minerals, and fiber, it effectively contributes to a balanced diet (Agassounon et al ., 2012) . Annual tomato production in Côte d'Ivoire was estimated at 53,546 tonnes, according to data published by the National Statistics Agency. (ANSTAT, 2023). This production is insufficient to meet the population's needs, estimated at 100,000 tons per year (CNRA, 2016) . Given the importance of tomatoes for food, medicine, and economic purposes, it is essential to focus on improving agricultural techniques to ensure plant regeneration from one season to the next. However, despite the use of chemical inputs and organic fertilizers, agricultural yields remain low in the country, falling short of population demand. Furthermore, market gardening, particularly tomato cultivation, faces several major obstacles, including soil depletion, pest infestations, and disease, leading farmers to use pesticides and chemical inputs haphazardly and excessively to mitigate damage (Toure et al ., 2015) . Among these pests, soil nematodes are microscopic worms that transmit pathogens and attack various parts of plants, although they preferentially target the roots. To feed, they use a stylet, a sharp appendage that allows them to penetrate plant cells and absorb their nutrients. According to Singh et al . (2015) , plant-parasitic nematodes cause an estimated 12.3% yield reduction, representing an economic loss of $157 billion worldwide. The overall impact of nematodes on crops could represent up to 100% potential losses. Furthermore, farmers tend to underestimate crop losses because they do not always perceive the damage caused by these nematodes. These parasites cause indistinct symptoms that are difficult to measure (Jones et al ., 2013; Siddique and Grundler, 2018) . In addition to reducing yields, the damage also impairs product quality, leading to aesthetic defects that can affect marketability (Palomares-Rius et al ., 2017) . However , sedentary endoparasitic nematodes, particularly root-knot nematodes ( Meloidogyne spp.), are among the most damaging in terms of crop losses (Jones et al ., 2013) . Indeed, when a plant is attacked by Meloidogyne spp., the transport of water and nutrients to the aerial parts is disrupted. This physiological disruption causes yellowing and shrinkage of the leaves, slows growth, and significantly reduces crop yields (De Waele and Davide, 1998; Costa, 1998) . In a context where food demand continues to grow with the increase in the world's population (FAO, 2017) , controlling these parasites represents a crucial challenge for ensuring food security. Given the economic losses caused by parasitic nematodes of the genus Meloidogyne spp., farmers have adopted various control strategies, including the use of chemical nematicides. However, European regulation (EC No. 1107/2009) has restricted the use of these pesticides due to their danger to human health and their environmental impact (Zhang et al ., 2014, 2017) . Faced with these restrictions, biological control appears as a safer and more effective alternative for controlling nematode populations, particularly Meloidogyne spp., which is harmful to plants. This method relies on the action of organisms such as fungi of the genus Trichoderma spp. capable of outcompeting phytopathogens in competition for space, nutrients, antibiotics, parasitism, and the induction of systemic resistance (Mukherjee et al ., 2013) . Overall, this study aims to evaluate the efficacy of Trichoderma spp. strains in controlling root-knot nematodes ( Meloidogyne spp.) in vegetable crops. Specifically, it will: (i) Evaluate the potential of Trichoderma spp. strains as a biocontrol agent, under preventive and curative conditions, against root-knot nematodes ( Meloidogyne spp.) in tomato crops; (ii) Determine the effect of Trichoderma spp. on certain agronomic parameters of tomato plants infected with root-knot nematodes.
[bookmark: _Toc213168189]2.1 Equipment	Comment by 1المظلة2021: The equipment section is clear and detailed, listing all biological materials and technical tools used. It provides sufficient information for reproducibility. Minor improvements could include specifying calibration or maintenance details for instruments like calipers and autoclaves to enhance methodological clarity.
[bookmark: _Toc213168190]2.1.1 Biological material 
[bookmark: _Toc213168191]2.1.1.1 Phytoparasitic nematodes 
The nematodes used in the tests were root-knot nematodes of the genus Meloidogynes spp., isolated from lettuce roots. These roots were extracted from a contaminated field located in Abouabou, a semi-urban area of the municipality of Port-Bouët. The samples were placed in plastic containers and transported to the laboratory for the collection of egg masses and second-stage juveniles.
[bookmark: _Toc213168192]Entomopathogenic fungus
The Teaching and Research Unit in Biology and Health at Félix Houphouët-Boigny University has graciously provided us with two strains of the Trichoderma spp. fungus for our research work.
2.1.1.3 Tomato
Seeds of two certified tomato varieties, Petomech and UC82, were used in the various experiments. They were acquired from an authorized plant protection product supplier. Petomech, a local West African variety, and UC82 are widely cultivated in the sub-region due to their good agronomic performance. However, both varieties exhibit marked susceptibility to root-knot nematodes (Meloidogynes spp.), which justifies their use in this study. 
[bookmark: _Toc213168193]2.1.2 Technical Equipment 
For my master's thesis, I used several pieces of technical equipment. An autoclave was used to sterilize the substrate before the experiments, thus ensuring contamination-free conditions. A watering can was used to regularly water the plants to maintain a humidity level suitable for their growth. Finally, a tape measure and calipers were used to accurately take the various measurements necessary for monitoring the experimental parameters.
[bookmark: _Toc213168194]2.2 Methods 	Comment by 1المظلة2021: The materials section is well-described, clearly identifying the nematodes, Trichoderma strains, and tomato varieties used. It provides enough detail for reproducibility. Adding more information on the source or characteristics of the substrate could further strengthen the description.
[bookmark: _Toc213168195]2.2.1 Obtaining 2nd instar juveniles
Second-stage juveniles (J2) were isolated from egg masses collected from galls formed on lettuce roots. These egg masses were incubated in distilled water, placed in Petri dishes, for a period of three (03) days to promote hatching (Mezertet, 2009).
[bookmark: _Toc213168196]2.2.2. Preparation of Trichoderma spp. suspension.
Conidial suspensions were prepared from pure cultures of two 7-day-old Trichoderma spp. isolates grown on PDA medium. This involved adding 10 mL of sterile distilled water to each Petri dish. The surface of these submerged cultures was then scraped. The conidial suspensions were collected in sterile tubes and shaken using a vortex shaker. Spore concentrations were determined for each suspension using a Malassez counting chamber under a light microscope. The concentrations were then adjusted with sterile distilled water to the order of 10⁷ spores /mL . (Caron et al ., 2002) .
[bookmark: _Toc213168197]2.2.3 Seedling production and nematode inoculation 
The substrate used for sowing the two tomato varieties in the nursery was collected and then steam-sterilized at the Félix Houphouët-Boigny University site. Three-week-old seedlings were then transplanted into nursery bags, 21 cm in diameter, each containing 2 kg of substrate. Nematode inoculation at the day 2 (J2) stage was carried out one week after transplanting. Each bag received a dose of 900 J2 nematodes of Meloidogyne spp.
· Trichoderma spp. suspension
The study involved twelve (12) treatments. Each treatment consisted of eight (8) plants, for a total of ninety-six (96) plants. In each treatment, the plants were divided into two equal groups according to the application method of Trichoderma spp. Trichoderma spp. suspensions (S1 and S2) at a concentration of 10⁷ spores /mL and a volume of 20 mL were applied to half of the plants using the preventative method and the other half using the curative method. The preventative application was carried out one day after transplanting on half of the plants in each treatment. One week after inoculation of the J2 plants, the Trichoderma spp. suspensions were applied to the other half of the plants in each treatment, constituting the curative method. The suspension was applied at the base of the plants, within a 3 cm radius of the root collar, to ensure optimal contact between the fungus and the root zone. The treatments with the fungal extract are noted T'UCS1 (UC82 Treatment Strain 1), T'UCS2 (UC82 Treatment Strain 2), T'PS1 (Petomech Treatment Strain 1) and T'PS2 (Petomech Treatment Strain 2).
· Inoculated control treatment
In these treatments, the plants were inoculated with 900 J2 of Meloidogynes spp. without any treatment with Trichoderma spp. against nematodes. These treatments are labeled TI'UC and TI'P.
· Treatment of uninoculated control
The tomato plants were not inoculated with Meloidogyne J2 and did not receive Trichoderma spp. suspension . A total of 12 treatments were compared, each repeated 3 times. The plants were regularly watered with tap water (200 ml/plant). The tomato plants were carefully uprooted for analysis 5 weeks after treatment. The roots were detached from the stems. The nematological indicators analyzed included the root gall index (RGI), the number of nematodes in the roots and soil, and the final nematode density. Agronomically, stem height (SH) and stem diameter (SD) growth, as well as the number of flowers (NF), were evaluated.
[bookmark: _Toc213168198]2.2.4 Data Collection 
[bookmark: _Toc213168199]2.2.4.1 Root gall index (RGI)
[bookmark: _Toc213168200]After the tomato plants were removed from their pots, the gall index (GI) was assessed to determine the degree of root infestation by nematodes. To do this, the root systems were carefully cleaned to remove any soil particles that could mask the symptoms. Once the roots were exposed, visual inspection was used to determine the level of deformation and gallification. The assessment was performed using the Zeck scale (1971) , which classifies infestation on a gradient from 0 to 10. A score of 0 corresponds to a completely healthy root system with no deformation. The scores increase progressively according to the proportion of affected roots: a score of 1 indicates approximately 5% gallified roots, while scores of 2, 3, 4, and 5 correspond to 10%, 15%, 20%, and 25% of affected roots, respectively. A more severe degree of infestation is represented by higher scores: 6 for approximately 50% of roots affected, 7 for 75%, 8 for 90%, and 9 when 95% of the root system is affected. Finally, a score of 10 indicates maximum infestation, characterized by a root system completely invaded and deformed by galls.
2.2.4.2 Extraction and quantification of nematodes 
· Extraction of nematodes from the soil
A modified version of Baermann's technique (1917) was used to extract nematodes from the soil. For each treatment, 100 g of homogenized soil was placed in a container and then sieved through a 1 mm mesh to remove plant debris and stones. The sieved soil was placed on a sieve with a large mesh (400 µm) lined with filter paper, which retained sand particles. This facilitated the migration of nematodes to the bottom of the container, attracted by the aquatic environment. The sieve and soil were then placed in a container filled with tap water until the filter paper became moist, and then incubated in the dark at room temperature. After 48 hours of incubation, the water from the container was collected to assess the presence of nematodes in the suspension.
· Extraction of nematodes from roots
's modified method (1917) was used for extracting nematodes from roots. After thoroughly washing the roots with water to remove any remaining soil, 10 g of roots were ground using a blender. The resulting mixture was then spread through a sieve lined with filter paper. The process then involved treating both the sieve and the ground material in the same way as when extracting nematodes from the soil.
· Counting and calculating nematodes
A 2 mL aliquot (V1), taken from a 50 mL suspension after homogenization, was loaded onto a counting slide according to the method of Speijer and De Waele (1997) . Nematode identification and count were performed using a light microscope. Populations were then determined using the formula of Van Bezooijen (2006) below: N
[bookmark: _Hlk210957902]N: number of nematodes per 100 g of soil or root sample; n1: number of nematodes in v1; v1: volume (ml) of nematode suspension taken from v2; v2: total volume (ml) of nematode suspension from the extracted soil or root sample
Reproductive factor
[bookmark: _Hlk210770696]The following formula (Speijer and De Waele, 1997, Koffi et al ., 2013) was used to calculate the reproduction rate to estimate nematode proliferation: Fr= Fr: reproductive factor; Pr: nematode population in the roots; Ps: nematode population in the soil; Pi: initial nematode population
[bookmark: _Toc213168201]2.2.4.3 Evaluation of certain agronomic parameters
Throughout the experiment, stem height (SH) (from the root collar to the V formed by the last two leaves) and stem circumference (SC) were measured weekly using a measuring tape and electronic calipers, respectively. The number of flowers produced was counted one week after the first flowers appeared.
[bookmark: _Toc213168202]2.2.5 Statistical analysis of the collected data
Statista 7.1 software was used to analyze the collected data. An analysis of variance (ANOVA) was performed to examine the effect of treatments on the values of the analyzed parameters. If a significant treatment effect was present, the Newman-Keuls test was used to distinguish the means at a 5% significance level.



[bookmark: _Toc213168204]3.1 Results	Comment by 1المظلة2021: The results are clearly presented with well-organized tables and figures, showing the effects of Trichoderma spp. on gall index, nematode density, reproductive factor, and flowering. The comparison between preventive and curative treatments is informative. Minor improvements could include summarizing key trends more concisely in the text to enhance readability.
[bookmark: _Hlk210203342]3.1.1 Effect of treatments on nematological parameters
[bookmark: _Toc213168206]3.1.1.1 Gall Index and Reproductive Factor 
Analysis of variance showed that Trichoderma spp. strains had a significant effect on the root gall index (p < 0.05). The highest values were observed in the inoculated TI'UC (5.50) and TI'P (6.04) controls. These values were significantly higher than those of all Trichoderma spp. treatments, while the uninoculated TNI'UC and TNI'P controls had a zero index (0.00), statistically lower than all treatments. The treatments exhibited intermediate values. The UCS treatments (T'UCS1 = 3.16; T'UCS2 = 3.20) had the lowest indices compared to the PS treatments (T'PS1 = 3.53; T'PS2 = 3.68), which showed slightly higher values. However, no significant difference was noted between T'UCS and T'PS. In addition, the analysis of variance showed that the Trichoderma spp. strains had a significant effect on the reproductive factor (p < 0.05). The inoculated controls TI'UC (14.60) and TI'P (16.37) exhibited the highest reproductive factors. Conversely, the uninoculated controls (TNI'UC and TNI'P) showed no reproductive factors. In the treatment groups, the Trichoderma spp. strains considerably reduced the reproductive factor. The UCS treatments (T'UCS1 = 7.24 and T'UCS2 = 6.61) showed lower reproductive factors than the PS treatments (T'PS1 = 7.56 and T'PS2 = 7.73). The difference between T'UCS and T'PS was not significant (Table I).
[bookmark: _Toc210896784]Table I. Gall index of infection symptoms by root-knot nematodes, Meloidogyne spp. on plants and reproductive factor of tomato plants treated with Trichoderma spp. strains under in vivo conditions.
	Treatment
	Galls index
	Reproductive factor

	T'UCS1
	3.16 ± 0.22 b
	7.24 ± 0.68 b

	T'UCS2
	3.20 ± 0.25 b
	6.61 ± 1.11 b

	T'PS1
	3.53 ± 0.34 b
	7.56 ± 0.63 b

	T'PS2
	3.68 ± 0.35 b
	7.73 ± 1.39 b

	TI'UC
	5.5 ± 0.26 a
	14.60 ± 0.39 a

	TI'P
	6.04 ± 0.32 a
	16.37 ± 0.49 a

	TNI'UC
	0.00 c
	0.00 c

	TNI'P
	0.00 c
	0.00 c

	p
	< 0.05
	< 0.05


Within the same column, the population densities of Meloidogyne spp. assigned the same letter are not significantly different according to the Newman-Keuls test at the 5% threshold.
T = Treatment, UC = UC82 Variety, P = Petomech Variety, S1 and S2 = Trichoderma spp. strains 1 and 2, TNI = Uninoculated control, TI = Inoculated control
[bookmark: _Toc213168207]3.1.1.2 Number of Meloidogynes spp. in the roots and in the soil
Analysis of variance showed that Trichoderma spp. strains had a significant effect on the number of root-knot nematodes ( Melodogyne spp.) in roots and soil (p < 0.05). In roots, the inoculated controls showed the highest densities, with 7350 for TI'UC and 8966.66 for TI'P, in contrast to the uninoculated controls TNI'UC and TNI'P, where nematodes were absent. The application of Trichoderma spp. considerably reduced these numbers (TI'UC and TI'P). The lowest density was recorded for T'UCS2 (2441.66), closely followed by T'UCS1 (3250). Treatments T'PS1 (3850) and T'PS2 (3641.66) showed a slightly higher density. In the soil, the inoculated controls maintained significant densities (5794.44 for the TI'UC control and 5766.66 for the TI'P control). The treatments considerably reduced these figures, with densities ranging from 2958.11 for treatment T'PS1 to 3508.33 for treatment T'UCS2. Treatment T'PS1 was characterized by its lowest density, while treatments T'UCS1 (3266.72), T'UCS2 (3508.33), and T'PS2 (3322.33) were at intermediate levels (Table II) . 
[bookmark: _Toc210896785]Table II . Population density of Meloidogyne spp. in tomato roots and soil treated with Trichoderma spp. after inoculation of 900 J2.
	Treatments
	Number of Meloidogynes spp. (50g roots)
	Number of Meloidogynes spp. (400g soil)

	T'UCS1
	3250 ± 198.32 cd
	3266.72 ± 550.51 b

	T'UCS2
	2441.66 ± 370.22 d
	3508.33 ± 707.62 b

	T'PS1
	3850 ± 390.72 cd
	2958.11 ± 306.48 b

	T'PS2
	3641.66 ± 526.21 cd
	3322.33 ± 819.66 b

	TI'UC
	7350 ± 125.83 b
	5794.44 ± 293.81 a

	TI'P
TNI'UC
TNI'P
	8966.66 ± 235.11 a
0 e
0 e
	5766.66 ± 654.33 a
0 c
0 c

	p
	= 0.00000
	= 0.000021


[bookmark: _Hlk210294905][bookmark: _Hlk210294966]Within the same column, the population densities of Meloidogyne spp. assigned the same letter are not significantly different according to the Newman-Keuls test at the 5% threshold.
[bookmark: _Hlk210294927]T = Treatment, UC = UC82 Variety, P = Petomech Variety, S1 and S2 = Trichoderma spp. strains 1 and 2, TNI = Uninoculated control, TI = Inoculated control
[bookmark: _Toc213168208]3.1.1.3 Gall indices and reproductive factor according to the control method 
Analysis of variance showed that the different application timings (before and after day 2 inoculation) of Trichoderma spp. strains had a significant effect on the root gall index (p < 0.05). Inoculated controls (TI'P and TI'UC) exhibited the highest gall indices (5.77). Conversely, uninoculated controls (TNI'UC and TNI'P) displayed statistically different zero factors compared to all treatments. Trichoderma spp.-based control methods showed intermediate values. The preventative treatment (3.04) recorded the lowest gall index among the Trichoderma spp. treatments, while the curative treatment (3.75) had a higher value. Furthermore, the analysis of the reproductive factor also revealed significant differences (p = 0.000001) between the tested treatments. The inoculated controls (TI'P and TI'UC) exhibited the highest reproductive factors (15.43), indicating strong nematode multiplication in the absence of any control measures. Conversely, the uninoculated controls (TNI'UC and TNI'P) showed zero factors, confirming the absence of parasite development. In the treatment groups, the Trichoderma spp. strains significantly reduced the reproductive factor. Preventive applications recorded the lowest values (5.51), indicating effective limitation of the nematode reproductive cycle, while curative treatments showed higher reproductive factors (9.05), although still lower than those of the inoculated controls. (Table III )
[bookmark: _Toc210896786]Table III . Population densities and reproductive factors of Meloidogyne spp. according to the control method with the different strains of Trichoderma spp. 5 weeks after inoculation of 900 J2.
	Control methods
	Signs of galls
	Reproductive factor

	Curative
	3.75 ± 0.16 b
	9.05 ± 0.46 b

	Preventive
	3.04 ± 0.24 c
	5.51 ± 0.37 c

	Control with nematode
	5.77 ± 0.20 a
	15.43 ± 0.93 a

	White witness
	0.00 d
	0.00 d

	p
	< 0.05
	< 0.05



Within the same column, the population densities of Meloidogyne spp. assigned the same letter are not significantly different according to the Newman-Keuls test at the 5% threshold.
 T = Treatment, UC = UC82 Variety, P = Petomech Variety, S1 and S2 = Trichoderma spp. strains 1 and 2, TNI = Uninoculated control, TI = Inoculated control
[bookmark: _Toc213168209]3.1.1.4 Number of nematodes depending on the control method
Analysis of variance showed a highly significant difference (p < 0.05) in nematode counts following the different application methods for Trichoderma spp. strains (Figure 1) . Inoculated controls (TI'UC and TI'P) exhibited the highest populations (6969.44), confirming a high infestation in the absence of treatment. Conversely, uninoculated controls (TNI'UC and TNI'P) showed no nematode populations. A clear reduction in nematode counts was observed with treatments. Overall, preventive applications recorded lower values (2483.37) than curative applications (4076.33). 

[bookmark: _Toc213150943]TNI = Uninoculated control, TI = Inoculated control
Figure 1. Population densities of root-knot nematodes, Meloidogynes spp. (in soil and roots) and control methods with different strains of Trichoderma spp. after inoculation of 900.
[bookmark: _Toc213168210]Trichoderma spp. strains on certain agronomic parameters	
Analysis of variance showed that the Trichoderma spp. strains had no significant effect on growth parameters (height, circumference) (p > 0.05). Heights ranged from 32.31 cm for the TI'UC inoculated control to 37.91 cm for the T'PS2 treatment, while circumferences fluctuated from 4.82 mm for the TI'UC control to 6.28 mm for the T'PS1 treatment. These figures are close to those of the uninoculated controls (33.08 cm and 5.55 mm for TNI'UC; and 37.42 cm and 4.62 mm for TNI'P). In contrast, the average number of flowers per plant was significantly affected (p = 0.000075). The inoculated controls showed the lowest values (0.46 for TI'UC and 0.29 for TI'P), while the uninoculated controls (0.50 for TNI'UC and 0.45 for TNI'P) were slightly higher. Treatments T'UCS1 (1.37) and T'UCS2 (1.01) showed better floral induction. Treatments T'PS1 (0.76) and T'PS2 (0.89) showed intermediate values.
[bookmark: _Toc210896787]Table IV . Height and circumference of tomato plant stems one month after inoculation with 900J2 of root-knot nematodes, Meloidogyne spp. and cultured in the presence of Trichoderma spp. strains.
	Treatments
	Height (cm)
	Circumference (mm)
	Average number of flowers per plant

	T 'UCS1
	32.76 ± 1.52
	4.99 ± 0.13
	[bookmark: _Hlk210033042]1.37 ± 0.27 has

	T'UCS2
	33.40 ± 1.47
	4.94 ± 0.11
	1.01 ± 0.21 ab

	T'PS1
	37.01 ± 1.65
	[bookmark: _Hlk210032338]6.28 ± 1.04
	0.76 ± 0.17 ac

	T'PS2
	[bookmark: _Hlk210031980]37.91 ± 1.91
	6.23 ± 1.24
	0.89 ± 0.20 ac

	TI'UC
	[bookmark: _Hlk210031864]32.31 ± 1.44
	4.82 ± 0.12
	0.46 ± 0.10 bc

	TI'P
	35.43 ± 1.68
	5.27 ± 0.81
	0.29 ± 0.08 d

	TNI'UC
	33.08 ± 1.55
	5.55 ± 0.82
	0.50 ± 0.11 bc

	TNI'P
	37.42 ± 1.73
	4.62 ± 1.91
	0.45 ± 0.11 bc

	p
	> 0.05
	> 0.05
	0.000075


Within the same column, values followed by the same letter are not significantly different according to the Newmann Keuls test at the 5% threshold.
T = Treatment, UC = UC82 Variety, P = Petomech Variety, S1 and S2 = Trichoderma spp. strains 1 and 2, TNI = Uninoculated control, TI = Inoculated control
[bookmark: _Toc213168211]3.2 Discussion 	Comment by 1المظلة2021: The discussion effectively interprets the results, linking them to previous studies and explaining the mechanisms of Trichoderma spp. against nematodes. It highlights the importance of preventive applications and the effect on flowering. However, it could be strengthened by briefly addressing study limitations and potential variability under field conditions.
[bookmark: _Hlk210909136][bookmark: _Hlk210909438][bookmark: _Hlk210911771][bookmark: _Hlk210911839]Trichoderma spp. strains significantly reduce infestation of tomato plants by root-knot nematodes of the genus Meloidogynes spp . The results shown in Table I indicate that the inoculated controls (TI'UC and TI'P) exhibited the highest gall indices (5.50 and 6.04, respectively). These values confirm the high pathogenicity of Meloidogyne spp. in the absence of control measures. Conversely, the uninoculated controls showed a zero index, indicating the absence of infestation. The application of Trichoderma spp. strains resulted in a significant reduction in the gall index. The UCS treatments recorded the lowest values (3.16 and 3.20) compared to the PS treatments (3.53 and 3.68). These results reveal that the use of Trichoderma spp. limits the establishment of nematodes in the roots. These observations are consistent with the work of Ali et al . (2022) , who showed that Trichoderma harzianum and T. viride significantly reduce the gall index in tomatoes infested with Meloidogyne incognita . Similarly, Poveda et al . (2020) report that Trichoderma spp. acts through several mechanisms, including mycoparasitism, the production of hydrolytic enzymes, and the induction of plant defenses. Regarding the reproductive factor (Rf), the inoculated controls exhibited the highest values (14.60 and 16.37), reflecting a high reproductive capacity of the nematodes. Trichoderma spp. strains significantly reduced these values, with UCS treatments being the most effective (6.61–7.24). These results confirm that Trichoderma spp. disrupts the reproductive cycle of the parasite. Previous studies corroborate this trend; Khan et al . (2020) showed that secondary metabolites produced by Trichoderma spp. limit egg hatching and reduce the fertility of female Meloidogyne spp. The differentiated efficacy between strains observed in our results (UCS performing better in roots, PS performing better in soil) is also reported in other studies where the specificity of the plant-strain interaction plays a determining role (Abdelhadi et al ., 2022) . Nematode density in roots and in soil was significantly reduced by Trichoderma spp. treatments , with highly significant differences (p = 0.001). The inoculated controls exhibited the highest densities in the roots (7350 and 8966.66) and in the soil (5794.44 and 5766.66), confirming the nematodes' ability to colonize both the root system and the surrounding soil. Treatments with Trichoderma spp. significantly reduced these densities. In the roots, T'UCS2 recorded the lowest population (2441.66), followed by T'UCS1 (3250). In the soil, T'PS1 was the most effective (2958.11). These results demonstrate that the tested strains limit both internal and external infestation. These observations are consistent with the findings of Guzmán-Guzmán et al . (2023) , which showed that Trichoderma harzianum significantly reduces Heterodera cajani populations in the soil and roots of cowpea. Similarly, Kassi et al . (2022) report that the application of biological formulations based on Trichoderma spp. reduces the density of juvenile M. incognita in the soil by more than 50% . These reductions can be attributed to the extracellular enzymes of Trichoderma spp. (chitinases, proteases, glucanases), which are capable of degrading egg walls and larval cuticles (Khan et al ., 2020) . Analysis shows that preventative applications are more effective than curative ones. The gall index is lower with preventative treatment (3.04) than with curative treatment (3.75). Similarly, the reproductive factor is lower in the preventive approach (5.51) compared to the curative approach (9.05), leading to a lower density of J2 Meloidogynes spp. in preventive treatment (2483.37) than in curative treatment (4076.33). These results highlight the importance of early colonization of the soil and roots by Trichoderma spp. before the parasite establishes itself . This finding aligns with that of Harman et al . (2021) , who specify that the efficacy of Trichoderma spp. depends strongly on its ability to colonize roots before pathogen invasion. Poveda et al . (2020) also showed that preventive applications promote the induction of systemic acquired resistance (SAR), thus reducing plant vulnerability to subsequent attacks. The results indicate that plant height and circumference do not vary significantly between treatments. However, the number of flowers was significantly higher in plants treated with Trichoderma (1.01–1.37) compared to the inoculated controls (0.29–0.46). This suggests that even if vegetative growth was not severely affected, potential productivity (flowering) benefited from the application of Trichoderma spp. These results are consistent with those of Morán-Diez. Poveda et al . (2021) report that certain strains of Trichoderma spp. act as biofertilizers by stimulating flowering and fruit production, independently of their nematicidal effect. This can be explained by the production of phytohormones such as auxin and jasmonic acid, known to promote flowering (Poveda et al ., 2020) . The results confirm the efficacy of Trichoderma spp. strains against Meloidogyne spp. through the reduction of gall index, reproductive factor, and nematode densities in the soil and roots. The preventative effect appears more pronounced than the curative one. Furthermore, the increased number of flowers suggests an additional role for Trichoderma spp. in stimulating productivity. These results are consistent with several recent studies and reinforce the relevance of incorporating Trichoderma spp. in a sustainable management strategy for root-knot nematodes.


CONCLUSION	Comment by 1المظلة2021: The conclusion clearly summarizes findings and highlights preventive treatment effectiveness; mentioning future research would improve it.
The overall results demonstrate the effectiveness of Trichoderma spp. strains in controlling root-knot nematodes ( Meloidogyne spp.) in tomato crops. Preventive applications proved more effective than curative ones, highlighting the importance of early establishment of the antagonistic agent to limit nematode reproduction and population density. Although the effect on vegetative growth (height and circumference) was minimal, improved flowering was observed. These results confirm the potential of Trichoderma spp. as a sustainable alternative to chemical nematicides within the framework of ecological and integrated agriculture. It would be worthwhile to: (i) Evaluate the effectiveness of Trichoderma spp. strains . in real agricultural settings to confirm their potential in more heterogeneous environments, (ii) Study the secondary metabolites produced by the strains to better understand the mechanisms of action involved in nematode reduction, (iii) Extend the study beyond flowering, by evaluating the effect of the strains on fruiting and tomato yield, in order to measure their concrete contribution to agricultural production.
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