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EFFECT OF DISEASES ON THE PRODUCTION OF TWO TOMATO VARIETIES, UC 82 AND EAGLE F1, IN SOILLESS CULTIVATION IN THE KORHOGO AREA, NORTHERN CÔTE D'IVOIRE 	Comment by BHUKYA SRINIVAS: Rewrite the title


ABSTRACT
Despite its advantages, soilless cultivation faces various biotic and abiotic constraints that can reduce production. This study aimed to identify the diseases affecting soilless tomatoes and evaluate their effects on the production. The UC 82 and the EAGLE F1 varieties were used as plant material. The methodology consisted of weekly observations in five squares of 15 m2 per greenhouse. Each square contained six tomato plants. From the observations and data collected, diseases were identified, incidence, severity and yield were calculated according to appropriate formulas and the economic analysis was performed. The results revealed that the blossom-end rot, alternaria, downy mildew, anthracnose and fruit cracking were present in the UC 82 variety. Alternaria, with an incidence of 19.69 % and a severity of 7.35 %, was the most severe disease. However, the EAGLE F1 variety presented only one disease, the fruit cracking, with an incidence and severity of 16.89 and 2.36 % respectively. The diseases led to a significant decrease in yield for both varieties (EAGLE F1: 190 t/ha; UC 82: 88.8 t/ha). This resulted in a loss of 76.18 and 31.06 % of the investment for the UC 82 and the EAGLE F1 varieties respectively. In conclusion, the diseases have been a major obstacle to soilless tomato production in northern of Côte d'Ivoire. 	Comment by BHUKYA SRINIVAS: Rewrite the abstract
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1. INTRODUCTION	Comment by BHUKYA SRINIVAS: Introduction is too little 
Add more references of atleast 15-20 references
In Côte d'Ivoire, the tomato (Solanum lycopersicum) is among the most cultivated and consumed vegetables, after onions, eggplants, okra and peppers (Akpo, 2022). Annual national tomato production is estimated at 48 804 t (Kouamé et al., 2023), a production still insufficient to meet national needs, which are around 105 000 t (Soro et al., 2007). This crop, along with other market garden crops, constitutes an important source of income for agricultural populations (Dosso et al., 2023). Tomatoes are predominantly grown in open fields in Côte d'Ivoire. However, this production method contributes to the depletion of natural resources due to disorganized and uncontrolled land use (Koffi et al., 2021).
To remedy this, soilless cultivation appears as a sustainable alternative. It allows plants to be grown on an inert substrate, nourished by a solution that provides the mineral salts and nutrients necessary for plant growth (Fondio et al., 2012). Soilless cultivation was introduced in 2008 with young people and women to improve the quantity and quality of market garden produce (Koffi et al., 2021). It offers greater flexibility in responding to market demands, making the use of production resources more efficient. This translates into a significant improvement in yields (Bernier, 2015). This method is used today as a technical innovation widely adopted on some farms. Soilless cultivation of tomatoes allows for precise control of water and nutrient supply.
Despite its advantages, soilless cultivation is exposed also to diseases and pests (Fondio et al., 2012). Just as with open-field cultivation, without effective control methods, these diseases can lead to production losses and a decrease in producers’ income. To ensure a good production, producers have resorted to the excessive use of pesticides. This has resulted in the increase production costs (Son, 2018). The objective of this study is to identify diseases affecting soilles tomato cultivation and to assess their effects on the production in the northern of Côte d'Ivoire. 
2. MATERIALS AND METHODS	Comment by BHUKYA SRINIVAS: Missing Journal Guidelines
2.1. Study area
The study was conducted at the Agroselmain company farm located in Dokaha, a district of Korhogo, in northern Côte d'Ivoire. The climate is tropical Sudanese, characterized by a dry season and a rainy season. The shorter rainy season runs from May to October, while the dry season extends from November to April. This dry period is accompanied by a dry wind (Harmattan) until March. The average annual rainfall is 1200 mm, with an average annual temperature of 27°C (Soro et al., 2018). The soils are ferralitic and moderately to severely desaturated (Djaha, 2014).
2.2. Plant material
The plant material used in this study consisted of UC 82 and the EAGLE F1 tomato varieties. These varieties were chosen based on their adaptation to local ecological conditions, and by their market value.
2.3. Methods
[bookmark: _bookmark50]2.3.1. Nursery Setup
[bookmark: _bookmark51]The tomato seedlings were started in 200-cell trays, with watering morning and evening to ensure adequate moisture. Zenith Fruits Plus foliar fertilizer was applied to promote seedling growth. Transplanting took place 14 days after sowing.
2.3.2. Preparation of the growing medium
The growing medium used consisted of fine coconut fibers with a pH between 5.5 and 6.5 and low electrical conductivity (EC < 1.0 mS/cm). Before use, the growing medium was moistened to ensure optimal rehydration and remove any excess salts. The pots were filled without excessive compaction to maintain good porosity.
2.3.3. Crop maintenance
The plots received daily irrigation, morning and evening. Foliar fertilizers, as well as fungicides, insecticides, and nematicides, were applied weekly. The plots also underwent manual weeding and pruning.
2.3.4. Survey and data collection
During surveys, the square of observation were placed in each greenhouse at number five, each measuring 25-m2 (5 m x 5 m) dimensions (Figure 1). Each square contained six plants that is 30 plants per greenhouse. Inside of the squares of observation, the number of diseased plants, the total number of leaves per plant, the total number of diseased leaves per plant, the total number of fruits per plant and the number of affected fruit per plant were noted. On each plant, the observed symptoms have been noted. The data collection was carried out every week from the vegetative stage until harvest. Figure 1: Diagram representing the sample collection system in the tomato greenhouse
2.3.5. Disease Identification
The disease identification was made by visual examination of the symptoms observed. Blancard’s book (1988) was used as a reference for comparison and identification of pathogens.
2.3.6. Disease Incidence Assessment
The incidence (IC) of each disease observed was calculated according to the modified Musubao and al. (2022) formula.
Nd
Tn
IC = 



IC: Incidence; Nd: number of diseased plants; Tn: total number of plants in the square.
2.3.7. Disease Severity Assessment
The disease severity was determined using the scale of Konan et al. (2014) modified below:
· score 0: no diseased organ;
· score 1: 1 to 15 % of the diseased organ;
· score 2: 15 to 25 % of the diseased organ;
· score 3: 25 to 35 % of the diseased organ;
· score 4: 35 to 45% of the diseased organ;
· score 5: 45 to 55 % of the diseased organ;
· score 6: 55 to 100 % of the diseased organ.
The severity index (SI) was calculated from the following equation (Kranz, 1988):
SI = 
∑ (Ni x Si)
[                    ] x 100
Z x Tn



SI: severity index; Ni: number of diseased organs in the severity score i, i ranging from 1 to 6; Si: the number of severity score; Z: highest severity scale (Z = 6); Tn: total number of organs.
2.3.8. Effect of diseases on yield
[bookmark: _bookmark52]The yield (Y) of each tomato variety was determined according to the following formula (Atepke, 2021):
Y = 
  m
   n


x
  N
1000



Y: Yield t/ha; m: mass of tomato harvested in Kg; n: number of plants on which the harvest was carried out; N: number of plant per hectare.
The rate of yield loss (R) was calculated according to the formula of Koffi et al. (2019):
R = 
(Py – Ry)
Py
x 100



R: Rate of yield loss in %; Py: Predicted yield; Ry: Real yield
2.3.9. Economic analysis
[bookmark: _bookmark53][bookmark: _bookmark65][bookmark: _bookmark66][bookmark: _bookmark67][bookmark: _bookmark68]The economic profitability of each tomato variety was determined in relation to the total investment cost. Thus, the production costs and harvested yields of each variety were evaluated. In this study, the cost related of land was not included in the expenses.
[bookmark: _bookmark72]2.3.10. Statistical analysis of data
The collected data were entered into Excel 2018. These data were subjected to an analysis of variance using Statistica 11 software. The Scheffé test at the 5 % level was used to determine the significant differences between the means.
3. RESULTS
3.1. Disease Identification
The symptoms observed on tomato plants have allowed us to identify five diseases (Table I). It was alternaria, anthracnose, downy mildew, blossom-end rot and the fruit cracking. Thus, concerning the UC 82 variety, diseases diagnosed were alternaria, anthracnose, downy mildew, blossom-end rot and the fruit cracking. However, in the EAGLE F1 variety, only fruit cracking was observed.
Table I: Characteristics of symptoms and associated diseases
	Diseases
	Agent responsible for the disease
	Symptoms
	Illustrations

	Alternaria
	Alternaria solani or Alternaria tomatophila
	Stains rounded, brown, zoned concentrically on the fruit surrounded by a yellow halo.
	[image: ]

	Blossom-end rot
	calcium deficiency
	Dry Rot, to light brown and then black appearing on the apical part of the fruit

	[image: ]

	Anthracnose
	caused by Colletotrichum spp.
	Small, round spots, the center of the spots is beige with microsclérotes black embedded in the epidermis. The flesh under these stains is yellowish and a grainy texture.
	[image: ]

	Downy mildew
	Phytophthora infestans
	Brown spots that will become necrotic up to cause rotting of tomatoes.
	[image: ]

	Fruit cracking
	Excess water
	Of the slots longitudinal or concentric, or even explosions to occur on the fruit.
	[image: ]


3.2. Evaluation of the incidence and the severity of the disease
3.2.1. Disease Incidence observed
[bookmark: _bookmark79]The analysis of the results of table II showed that the blossom-end rot with an incidence of 28.6 ± 7.77 % was the most abundant in the UC 82 variety. It was followed by the alternaria with an incidence of 19.69 ± 4.49 %, which was not significantly different from that of the blossom-end rot. However, fruit cracking, anthracnose and downy mildew with a respective impact of 8.37 ± 4.49; 7.21 ± 3.45 and 5.45 ± 2.40 % were less abundant on tomato plants. Moreover, the incidences of these diseases were not significantly different. Regarding the EAGLE F1 variety, fruit cracking, with an incidence of 16.89 ± 3.33 % was the only disease observed.
The comparison of the incidence of the fruit cracking, which was present in both varieties, showed that it was more abundant in the EAGLE F1 variety than in the UC 82 variety. The incidence of this disease in the UC 82 variety was significantly different from that of the EAGLE F1 variety.
Table II: Incidence of disease observed on the UC 82 and the EAGLE F1 varieties
	Diseases
	Incidence UC 82 (%)
	Incidence EAGLE F1 (%)

	Blossom-end Rot
	28.6 ± 7.77 a
	-

	Alternaria
	19.69 ± 4.49 a
	-

	Fruit cracking 
	8.37 ± 4.49 b
	16.89 ± 3.33 c

	Anthracnose
	7.21 ± 3.45 b
	-

	Downy Mildew
	5.45 ± 2.40 b
	-


Means followed by the same letter in the same column are not significantly different at the 5% level. On the same line, means followed by a different letter are significantly different at the 5% level.

3.2.2. Severity of disease observed
[bookmark: _bookmark80]The results showed that the disease is more severe on the UC 82 tomato plants was alternaria with a severity index of 7.35 ± 2.53 % (Table III). It was followed by the blossom-end rot (5.24 ± 1.94 %). However, fruit cracking, the downy mildew and anthracnose, with respective severity indices of 2.27 ± 1.87; 2.20 ± 1.29; 1.50 ± 1.10 % were less severe on the tomato plants.
Moreover, the severity index of the fruit cracking in the EAGLE F1 variety was higher than that observed in UC 82, but was not significantly different from the latter. 
Table III: Severity index of diseases observed on the UC 82 and EAGLE F1 varieties
	Diseases
	Severity UC 82 (%)
	Severity EAGLE F1 (%)

	Alternaria
	7.35 ± 2.53 a
	-

	Blossom-end Rot
	5.24.±.1.94 ab
	-

	Fruit cracking
	2.27 ± 1.87 bc
	2.36 ± 1.29 bc

	Downy mildew
	2.20 ± 1.29 b
	-

	Anthracnose
	1.50 ± 1.10 b
	-


Means followed by the same letter in the same column are not significantly different at the 5 % level. On the same line, means followed by a different letter are significantly different at the 5 % level.
3.3. Effect of diseases on the yield
The mass of harvested tomatoes and the yield of each tomato variety were identified (Table IV). The EAGLE F1 variety, with a real mass of 475 kg of harvested tomato, was significantly greater than that of the UC 82 variety (222 kg). However, the real mass the EAGLE F1 variety remained significantly less than the predicted tomato mass (1300 kg). The significant difference observed between the two masses corresponds to a decrease of more than half in the mass of harvested tomatoes. The UC 82 variety has also presented a significant decrease in the predicted of tomato mass (2500 kg) more than half the mass of the tomatoes harvested (222 kg). These decreases in the mass of the tomatoes harvested resulted in a significant reduction in the yield of the UC 82 and the EAGLE F1 varieties. Thus, the EAGLE F1 obtained a real yield of 190 t/ha, compared to a predicted yield of 520 t/ha. The UC 82 variety earned a real yield of 88.8 t/ha, compared to a predicted yield of 1000 t/ha. In addition, the real yield of the EAGLE F1 variety was significantly higher than that of the UC 82 variety. 
[bookmark: _bookmark89]Table IV: Effect of diseases on the yield of each variety
	
	Predicted tomato mass (Kg)
	Predicted Yield (t/ha)
	Real Mass of tomatoes harvested (Kg)
	Real Yield (t/ha)
	yield Loss (%)

	UC 82
	2500a
	1000c
	222e
	88.8 g
	91.12 i

	EAGLE F1
	1300b
	520d
	475f
	190h
	63.46 j


Values followed by different letter in the same column and the same line are statistically different (Test, Scheffé, 5 %).
3.4. Economic analysis
The predicted revenue for the UC 82 variety was estimated at 3,250,000 FCFA (Table V). However, the real revenue was only 228,600 FCFA, a considerable difference compared to the projections. This underperformance resulted in a net loss of 731,137 FCFA. The return on investment was a loss of 76.18 %. Regarding the EAGLE F1 variety, the revenue was 712,500 FCFA, below the predicted revenue of 1,950,000 FCFA. The gross margin was 347,000 FCFA, but this was insufficient to cover expenses. A net loss of 321,112 FCFA was obtained. The return on investment was a loss of 31.06 %.
Table V: economic Profitability of the two varieties of tomato in soilless growing
	Economic indicators
	UC 82
	EAGLE F1

	Predicted revenue
(FCFA)
	3 250 000
	1 950 000

	Real revenue (FCFA)
	228 600
	712 500

	Variable Costs (FCFA)
	303 625
	365 500

	Gross Margin (FCFA)
	-75 025
	347 000

	Fixed Costs (F CFA)
	656 112
	668 112

	Net Margin (FCFA)
	-731 137
	-321 112

	Rate of return (%)
	-76.18
	-31.06


4. DISCUSSION
The objective of this work was to identify the diseases affecting the tomato plants in soilless growing and to evaluate their effects on the production. The symptoms observed have helped to identify blossom-end rot, alternaria, the fruit cracking, anthracnose and downy mildew on tomato plants. These diseases are known to affect tomatoes. In fact, several studies have shown the presence of these diseases in tomatoes grown in open fields without cover (Oumarou et al., 2023; Tiendrebeogo et al., 2023; Dosso et al., 2025), under cover (Djidji et al., 2010) and in greenhouses (Aissat, 2008).
The distribution of these diseases between the two tomato varieties was not homogeneous. Thus, among the UC 82 variety, the blossom-end rot, alternaria, the fruit cracking, anthracnose and downy mildew were identified. The blossom-end rot had the highest incidence (28.6 ± 7.77 %), followed by alternaria (19.69 ± 4.49 %). However, alternaria had the highest severity index (7.35 ± 2.53 %), followed by the blossom-end rot (5.24 ± 1.94 %). While at EAGLE F1, only the fruit cracking was identified with an incidence of 16.89 ± 3.33 % and a severity index of 2.36 ± 1.29 % non-statistically significant at the one of the UC 82 variety. The two tomato varieties, EAGLE F1 and UC 82, have been grown on the same substrate under the same conditions and received the same phytosanitary treatments. Therefore, this observed difference at the level of the incidence of alternaria, anthracnose, downy mildew would mean that the UC 82 variety would be a susceptible host for pathogens responsible for these diseases according to the disease triangle (Stevens, 1960). In fact, according to this author, an infectious disease appears only when three elements interact that is to say, a susceptible host, a virulent pathogen, and a favorable environment. Several studies have shown that these diseases were present in the Korhogo area (Doga et al., 2024; Yah N’guettia et al., 2013). This confirms that the environment of the Korhogo area is favorable to the proliferation of these diseases and that virulent strains of the pathogens responsible for these diseases exist in the Korhogo area. These two conditions, the environment, and the virulent pathogen, being met; if these diseases have appeared on the UC 82 variety then this variety is a susceptible host in contrast to the EAGLE F1 variety that has not presented any symptom of these diseases. 
The blossom-end rot is a symptom of a physiological disorder linked to a calcium deficiency in the apical part of the fruit (Marcelis and Ho, 1999). This deficit is due to poor calcium transport rather than a deficiency in the soil (Roca and Martinez, 1997). Several factors, such as temperature, light, humidity of air and soil, irregular irrigation, too rapid a fruit growth, induce the calcium deficiency (Samuel, 2021). However, the two tomato varieties grown benefited from the same growing conditions. Therefore, the high incidence of blossom-end rot in the UC 82 variety would be due to a bad adaptation of this variety to the environmental conditions. In fact, the UC 82 variety was in its first production in this greenhouse. These results are in agreement with those of Fondio and al. (2012) who argue that the blossom-end rot is a major disease of tomato in soilless growing.
Among the EAGLE F1 variety, only one disease was observed on tomato plants, the fruits cracking with an incidence of 16.89 ± 3.33 % and a severity index of 2.36 ± 1.29 %. This disease was also present in the UC 82 variety with an incidence of 8.37 ± 4.49 % and a severity index 2.27 ± 1.87 %. This would be due to over watering tomato plants, especially because the culture was conducted from february to april, a period that corresponded to the dry season. In fact, according to Grasselly et al. (2000), the fruit cracking is a physiological disease caused by excessive watering during dry periods. Of the results to the contrary were obtained by Djidji and al. (2010) in tomatoes grown under cover in the southern of Côte d'Ivoire. These authors have obtained a reduction in the rate of fruit cracking, and the number of fruit affected by blossom-end rot. 
Regarding yield, the EAGLE F1 and UC 82 varieties, had, respectively, a yield of 190 and 88.8 t/ha which was lower than the predicted yield, a yield loss of 91.12 % for the of UC 82 variety and 63.46 % for the EAGLE F1 variety. This yield loss could be explained by the fact that the diseases have weakened the tomato plants which reduced the number of fruit produced. On the other hand, the diseases affected the fruit quality. These results are in agreement with those of Grigolli and al. (2011) who reported that yield losses from 35 to 78 % caused by alternaria in tomatoes. Sikora et al. (2004) have also confirmed that alternaria can cause losses of up to 60 % in the potato. 
On the financial aspect, the economic analysis revealed a return on investment of -71 % and -31 %, respectively, for the UC 82 and the EAGLE F1 varieties. This corresponds to a loss on investment of 71 % and 31 %, respectively, for the UC 82 and the EAGLE F1 varieties. These performance deficits can be explained by the fact that the yield losses due to diseases and the additional costs associated with phytosanitary treatments exceeded the revenue generated. This confirms the results of Snoussi (2009), who stated that on the crops of the solanaceae, alternaria caused yield losses, damage to fruits and vegetables and therefore an economic loss. In addition, Grigolli, and al. (2011) estimated that fungal diseases of tomatoes were responsible for a 30 % increase in production costs related to the fungicides used to combat them.
5. CONCLUSION
The study has allowed the identification of five major diseases affecting the tomato. What are alternaria, anthracnose, downy mildew, blossom-end rot and the fruit cracking. Among the UC 82 variety, the blossom-end rot was found to be most frequent, followed by alternaria and fruit cracking. At EAGLE F1, the only disease observed was fruit cracking. Regarding severity, alternaria was the most aggressive disease in UC 82, followed by blossom-end rot and the fruit cracking. At EAGLE F1, the severity index of fruit cracking was not statistically different from that of the UC 82 variety. These diseases have caused yield loss in the two varieties. This resulted in a loss on investment of 76.18 % for the UC 82 variety and 31.06 % for the EAGLE F1 variety. This study shows that diseases were a major obstacle to the profitability of soilless tomato production. Therefore, given this situation, it would be beneficial to strengthen phytosanitary monitoring in soilless cultivation and to train growers in soilless cultivation techniques.	Comment by BHUKYA SRINIVAS: Rewrite the conclusion
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