



Original Research Article
Assesment of the Yield Components of Two Tomato Varieties (Solanum Lycopersicum L.) in Hydroponics in Côte d'Ivoire
Abstract 
Aims: The aim of this study was to evaluate the productivity of two tomato varieties in hydroponics with a nutrient solution. 
Study Design: The experimental setup adopted for this hydroponic module was a split-plot, with 3 replicates. Varieties were the main factor, while nutrient solution and substrate served as a secondary factor.
Place and Duration of Study: The work was carried out in Bouaké, in central Côte d'Ivoire, over a period of 5 months, from May to September.
Methodology: The tomato varieties F1 Mongal and F1 Lindo were evaluated using a nutrient solution and a substrate of coconut fibers. Observations and measurements focused on vegetative growth, flowering time and production. ﻿All data were subjected to an analysis of variance at the 5% level. In case of significant differences, the Tukey test was used for the

separation of the means.
Results: The results revealed that the F1 Lindo had an earlier flowering (28 days) than F1 Mongal (30 days) after transplanting. In terms of yield, F1 Mongal was the most productive with 1 292.1 g of marketable fruit per plant compared to 796.6 g per plant for F1 Lindo. In addition, the rate of unmarketable fruit was lower for F1 Mongal (2.5%) compared to F1 Lindo (4.4%). 

Conclusion: The F1 Mongal variety is the most suitable for maximizing the yield and quality of the fruits in hydroponics, especially in tropical areas such as the Côte d'Ivoire.
Keywords : Côte d'Ivoire, Hydroponics, Solanum Lycopersicum L., Yield. 
1. INTRODUCTION 
In the food sector, vegetables play a major role in the daily diet of the population. Among the vegetables grown, the tomato (Solanum lycopersicum L.) occupies a prominent place both nutritionally and economically in the world, with an estimated production of 177 000 000 t (FAOSTAT, 2023). In Côte d'Ivoire, annual production is about 50 000 t of tomatoes, which is well below the estimated needs of more than 100 000 t. This production remains insufficient to adequately meet the needs of the Ivorian population (Coulibaly et al., 2021). The low production is explained by unfavourable climatic conditions, non-compliance with technical itineraries, attacks by numerous pests and diseases, the insufficiency and/or non-dissemination of varieties adapted to the needs of producers and consumers, and the lack of arable land (Samba et al., 2013; Yeo et al., 2022). 

To improve tomato productivity in Côte d'Ivoire, various studies have been carried out in recent years (Fondio et al., 2013; Coulibaly et al., 2019; Coulibaly et al., 2021; Yeo et al., 2022). For example, Fondio et al. (2013) identified tomato varieties that are susceptible to bacterial wilt. For their part, Coulibaly et al. (2019) evaluated the agronomic performance of different tomato lines in the station. In addition, Coulibaly et al. (2021) selected suitable substrates for hydroponic tomato cultivation. As for Yeo et al. (2022), they showed the influence of the substrate on the agromorphological and biochemical parameters of tomatoes in hydroponics.

Despite this research, tomato varieties that combine productivity and quality remain limited. In addition, the productivity of tomatoes in hydroponics has been little studied in Côte d'Ivoire, despite the scarcity of arable land. Indeed, peri-urban and urban producers continuously grow tomatoes on the same plots, as well as on undeveloped land and along watercourses, due to the lack of arable land (Wognin et al., 2013). Under these conditions, to improve the yield of their crops, they use various fertilizers and pesticides in large quantities and at high frequencies (Michel et al., 2010). This excessive use of fertilizers and pesticides in urban and peri-urban areas represents a serious threat to the environment and to the food security of populations (Mambe-Ani et al., 2019).

In this context, hydroponics seems to be a promising alternative to solve the various problems of urban and peri-urban horticulture. The core advantage of soilless culture, frequently referenced to as “hydroponics”, is the independence of the crop from the soil which, as a natural medium, is heterogeneous, accommodates pathogens, tends to degrade in monoculture systems, and may be infertile, saline or sodic (Savvas and Gruda, 2018). By filling these shortcomings and limiting the misuse of pesticides, hydroponics contributes to improving the food and nutritional security of the population. In addition, it could help preserve the environment (Parrot et al., 2008) and contribute to the development of healthy and sustainable horticulture. This work, carried out in this context, aims to evaluate the productivity of two tomato varieties in hydroponics in Côte d'Ivoire. The conclusions of this study will help guide producers towards a tomato variety that combines productivity and quality, and is accessible all year round.
2. MATERIALS AND METHODS

2.1. Plant material

The study was conducted in Bouaké, central Côte d'Ivoire, and focused on two tomato varieties: F1 Mongal and F1 Lindo. Although commonly consumed, these commercial varieties face production difficulties under conventional soil conditions. They were therefore chosen given their high demand on the local market.

2.2. Coir substrate
Coco coir is the gold standard in hydroponics. The substrate used comes from a coconut fiber production company based in the town of Assinie, in the south of Côte d'Ivoire. In this study, Medium Nursery coco coir, with a grain size of 0-20 mm, was used to provide an optimal growing environment for the plants. It was used as a substrate in growing trays at a rate of 4 bags of 50 kg per tray.
2.3. Nutrient solution

The coco coir substrate was fed with a nutrient solution developed by Fondio et al. (2013). To obtain this, the different quantities of fertilisers recorded in Table 1 were dissolved in 1000 liters of water. The electrical conductivity of the solution is of the order of 2.154 dS/m.

Table 1. Nutrient Solution Characteristics 
	Fertilizer
	Quantities of dissolved fertilizers (g) 
per 1000 l of water
	Elements

major (microMol)
	Electrical conductivity of the solution (dS/m)

	Callifert 10-8-10
	100
	N: 17.2

P2O5 : 2.22

K2O : 3.03

Mg : 1.36

Ca :3.65
	CE=2.154

	NPK 00-23-19
	500
	
	

	Super Latex 18-08-18
	300
	
	

	Nitrate de calcium
	600
	
	

	NPKS Mix 12-24-18
	700
	
	


2.4. Experimental Set-up 
The experimental setup adopted for this hydroponic module was a split-plot, with 3 replicates (Figure 1). Varieties were the main factor, while nutrient solution and substrate served as a secondary factor. The tanks, 12 in number, were 1.5 m long, 1 m wide and 25 cm deep. The tomato plants were transplanted into containers filled with coconut fiber, at a rate of 12 plants per container, divided into 3 rows of 4 plants. The planting distance was 30 cm on the line and between the lines. 
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Figure 1. Experimental device for the evaluation of the two tomato varieties
2.5. Sowing and transplanting tomato seeds
The tomato seeds were sown in polyethylene cells with a substrate composed of 2/3 vegetable compost and 1/3 coconut fiber (Figure 2 a and b). The cells were watered daily with a nutrient solution prepared with 100 liters of water, 10 g of Callifert, 80 g of NPK 00-23-19, 40 g of NPKS Mix, 20 g of Superlatex, and 100 g of Calcium Nitrate. During the first three days after sowing in the nursery, the cells were placed under a shade house. Once the seeds had germinated, the cells were exposed to the sun each day and replaced under the shade each evening to protect them from the weather. After 18 days in the nursery, the tomato plants were transplanted into six containers. Irrigation with the nutrient solution was done drip irrigation at a rate of 2 liters per hour, with a total supply of 150 liters.
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Figure 2. a) Sowing tomato seeds in the cells and b) Transplanting tomato plants into the containers
2.6. Measured parameters

The parameters measured were the height of the plants 30 days after transplanting, the date of the first flowering of each plant, as well as the total number and weight of fruits harvested, with a distinction between non-marketable and marketable fruits.

2.7. Data analysis
An analysis of variance at a 5% level was performed on all data. In the presence of significant differences, the Tukey test was used for the separation of the means. The analyses were carried out with the R software, version 4.2.

3. RESULTS 

3.1. Effect of tomato varieties on flowering time and plant height

The results of the effect of tomato varieties on flowering time and plant height at the flowering stage are presented in Table 2. The analyses showed a significant difference between tomato varieties for the flowering time of 50% of the plants (P = 0.01). The F1 Mongal variety flowered 30 days after transplanting, while the F1 Lindo variety flowered 28 days after transplanting. In contrast, no significant difference was found in plant height at the flowering stage (P = 0.08), with an average height of 64.55 cm.

Table 2. Flowering time of 50% of plants and height of plants at flowering depending on tomato varieties
	Varieties
	50% flowering after transplanting
	Height of plants at 
flowering stage (cm)

	F1 Mongal 

F1 Lindo 
	30 a

28 b
	65.80 a

63.30 a

	Average

P (%)
	29

0.01
	64.55

0.08


Column numbers assigned to the same letter do not differ significantly at the 5% threshold (Tukey test).

3.2. Effect of tomato varieties on the number of fruits per bin

According to Table 3, the total number of fruits and the number of non-marketable fruits do not differ significantly from one tomato variety to another (P = 0.06; P = 0.27). However, numerically the F1 Mongal variety recorded the highest total number of fruits with 307 fruits, compared to 229 for the F1 Lindo variety. On the other hand, the difference between varieties was significant for the number of marketable fruits and the rate of non-marketable fruits (P = 0.02; P = 0.03). Thus, the F1 Mongal variety obtained 299 marketable fruits, compared to 219 for the F1 Lindo variety. The F1 Lindo variety had the highest rate of non-marketable fruit at 4.4%, compared to 2.5% for the F1 Mongal variety.

Table 3. Total number of fruits per bin by tomato variety
	Varieties 
	Number of fruits per bin
	Number of marketable fruits per bin
	Number of non-marketable fruits per bin
	Rate of non-marketable fruit per bin (%)

	F1 Mongal 

F1 Lindo 
	307 a

229 a
	299 a

219 b
	8 a

10 a
	2.5 b

4.4 a

	Average

P (%)
	268

0.06
	259

0.02
	9

0.27
	3.45

0.03


Column numbers assigned to the same letter do not differ significantly at the 5% threshold (Tukey test).

3.3. Effect of tomato varieties on the number of fruits per plant

Results indicating the effect of tomato varieties on the number of fruits per plant are presented in Table 4. Tomato varieties show no significant difference in the total number of fruits per plant and the number of non-marketable fruits per plant (P = 0.06; P = 0.27). The F1 Mongal variety produced 25.6 fruits per plant compared to 19 for the F1 Lindo variety. The number of unmarketable fruits per plant averaged 0.7. On the other hand, the difference between tomato varieties was significant for the number of marketable fruits per plant (P = 0.02). The F1 Mongal variety produced 25 marketable fruits per plant, compared to 18.2 for F1 Lindo.

Table 4. Total number of fruits per plant according to tomato varieties
	Varieties 
	Number of fruits per plant
	Number of marketable fruits per plant
	Number of non-marketable fruits per plant

	F1 Mongal 

F1 Lindo
	25.6 a

19 a
	25 a

18.2 b
	0.6 a

0.8 a

	Average

P (%)
	22.30

0.06
	21.60

0.02
	0.70

0.27


Column numbers assigned to the same letter do not differ significantly at the 5% threshold (Tukey test).
3.4. Effect of tomato varieties on fruit weight per bin

Table 5 presents the results of the effect of tomato varieties on fruit weight per bin. The results showed no significant differences between tomato varieties in total fruit weight, marketable fruit weight and non-marketable fruit weight (P = 0.06; P = 0.05; P = 0.60). Nevertheless, the F1 Mongal variety recorded a total weight of 15 741 g of fruit, compared to 9 839 g for the F1 Lindo variety. The weight of marketable fruit was 15 505.2 g for the F1 Mongal variety, and 9 559.5 g for F1 Lindo. The weight of the non-marketable fruit was 235.8 g for F1 Mongal, and 279.5 g for F1 Lindo.
Table 5. Weight of fruit per bin according to tomato varieties
	Varieties
	Fruit weight per bin (g)
	Weight of marketable fruit per bin (g)
	Weight of non-marketable fruit per bin (g)

	F1 Mongal 

F1 Lindo 
	15 741 a

9 839 a
	15 505.2 a

9 559.5 a
	235.8 a

279.5 a

	Average

P (%)
	12 790

0.06
	12 532.35

0.055
	257.65

0.60


Column numbers assigned to the same letter do not differ significantly at the 5% threshold (Tukey test).

3.5. Effect of tomato varieties on fruit weight per plant

The results of the effect of tomato varieties on fruit weight per plant are presented in Table 6. These results showed that the weight of fruit per plant, as well as the weight of marketable and non-marketable fruit per plant, are statistically equal (P = 0.06; P = 0.05; P = 0.60). However, the F1 Mongal variety recorded 1 311.80 g of fruit per plant compared to 819.90 g for F1 Lindo. The weight of marketable fruit per plant was 1 292.10 g for F1 Mongal and 796.60 g for F1 Lindo. The weight of non-marketable fruit per plant was 19.60 g for F1 Mongal and 23.30 g for F1 Lindo.

Table 6. Fruit weight per plant according to tomato varieties
	Varieties
	Fruit weight per plant (g)
	Weight of marketable fruit per plant (g)
	Weight of non-marketable fruit per plant (g)

	F1 Mongal

F1 Lindo
	1 311.80 a

819.90 a
	1 292.10 a

796.60 a
	19.60 a

23.30 a

	Average

P (%)
	1 065.85

0.06
	1 044.35

0.05
	21.45

0.60


Column numbers assigned to the same letter do not differ significantly at the 5% threshold (Tukey test).

4. DISCUSSION
4.1. Effect of tomato varieties on flowering time and plant height 

Flowering times differ from one tomato variety to another. This result could be explained by the fact that flowering time is a trait related to plant material, even if it can be influenced by fertilization. In fact, the gene involved in tomato flowering appears to be different for the two varieties. In addition, this gene does not appear to be affected by external factors such as the culture medium. Coulibaly et al. (2021) observed flowering times of 52 days for the Lindo variety and 53 days for the TMA97 variety in their study on the impact of coco coir, peanut hull and soybean compost substrates on hydroponic tomato cultivation. These flowering times are much longer than the 28 and 30 days obtained in the present study, respectively, by F1 Lindo and F1 Mongal. Also, the variation in flowering times could be attributed to existing differences in factors such as growing media used, watering frequency, plant spacing, and nutrient management. In addition, in this study, flowering was observed earlier than in conventional soil cultivation, where it can vary from 40 to 60 days after transplanting, depending on the variety. These results corroborate the work of Fondio et al. (2013), who found that hydroponic tomato cultivation promotes earlier flowering, occurring 30 days after transplanting, compared to 40 days after transplanting for soil cultivation.
Regarding the height of the plants at the flowering stage, no significant differences were observed between tomato varieties. The average height of the plants at this stage was 64.6 cm. The lack of difference in plant heights at the flowering stage can be explained by the fact that this parameter is more influenced by mineral nutrition than by plant material. The two tomato varieties studied could therefore have genetic similarities with regard to their vegetative growth. On the other hand, the hydroponic medium, by providing nutrients in a constant and balanced way, can minimize growth variations between different tomato varieties. This is because in hydroponics, external factors are controlled more rigorously than in soil cultivation, which can reduce variability and lead to similar plant heights (Chettri et al. 2024).

4.2. Effect of tomato varieties on production 

The tomato varieties (F1 Lindo and F1 Mongal) showed no significant difference in the number of fruits per container and per plant, nor in the number of non-marketable fruits per container and per plant. In addition, no differences were observed between varieties for fruit weight per container and per plant, marketable and non-marketable fruit weight per container and per plant. Nevertheless, numerically, the F1 Mongal variety produced more fruit per bin (307 fruits) and per plant (25.6 fruits) than the F1 Lindo variety (229 fruits per bin and 19 fruits per plant). As fruit weight is correlated with the number of fruits, the F1 Mongal variety, which produced the highest number of fruits, also obtained the highest fruit weight. The lack of significant differences between tomato varieties for these parameters suggests that the varieties reacted similarly to the substrate and nutrient solution (Kaur et al., 2018). In this study, the results observed are higher than those reported by Garane et al. (2019), who noted 6.66 and 4.95 fruits per plant for the Lindo and Mongal varieties respectively, as part of their analysis of the impact of mineral fertilizer application frequencies on winter tomatoes in greenhouses in central Burkina Faso. In addition, Kamara (2016) reported a yield of 8 fruits per plant for the Mongal variety grown in soil enriched with covered pig manure. Fisayo et Adisa (2023) reported yields of 5 to 8 fruits per plant for Premium F1 Presido F1 varieties grown hydroponically. The observed discrepancies may be explained by differences in growing media, growing conditions, nutrient solution composition and frequency of watering. Indeed, the watering frequencies used in this study differ from the frequency of application of mineral fertilizers in the study by Garane et al. (2019) and the methods of manure application in the study by Kamara (2016). Yet, the frequency and mode of nutrient application play a crucial role in the availability of nutrients to plants. The analysis of these studies reveals that different agricultural practices and experimental conditions can have a significant impact on crop performance. This underscores the importance of optimizing agricultural practices to improve productivity.

The results of this study also showed a significant difference between tomato varieties in terms of the number of marketable fruits per container and per plant, as well as in the rate of non-marketable fruits per container. The F1 Mongal variety outperformed F1 Lindo by producing 299 marketable fruits per bin and 25.6 fruits per plant, compared to 219 fruits per bin and 19 fruits per plant for F1 Lindo. In addition, F1 Mongal had a lower rate of non-marketable fruit (2.5%) compared to F1 Lindo (4.4%). The quantitative difference in the fruits produced by the tomato varieties indicates that F1 Mongal has a higher productivity than F1 Lindo. The higher rate of unmarketable fruit for F1 Lindo suggests that this variety is probably more sensitive to biotic factors than F1 Mongal. The F1 Mongal variety appears to have genetic characteristics that promote better productivity and resistance to diseases and pests. This could explain the higher number of marketable fruits and the lower rate of non-marketable fruits. As for F1 Lindo, although it is also productive, it seems to be more sensitive to biotic (diseases or pests) and abiotic (climatic variations) factors, which can lead to a higher number of unmarketable fruits. Our results corroborate the observations of Yemadje et al. (2020) who highlighted that F1 Mongal is resistant to bacterial wilt and adapted to the hot and humid climate. In addition, Coulibaly et al. (2019) found the Lindo variety to be more susceptible to pests (insects and diseases), which causes a high number of fruits to rot. Also, blossom end rot in tomato fruit can be caused by excessive calcium uptake into the cells as a result of excess irrigation water. In addition, Hooshmand et al. (2019) have shown that irrigation influences tomato yield and its components in hydroponics. To optimize the yield of these varieties, it is crucial to carry out integrated pest management against these biotic and abiotic factors. To this end, future research on these varieties could adopt an agronomic approach aimed at controlling irrigation and managing pests and diseases in an integrated manner during the crop cycle.
5. CONCLUSION
The study reveals that the F1 Lindo variety had an earlier flowering (28 days) than the F1 Mongal variety (30 days) after transplanting. In addition, the two tomato varieties were statistically identical in terms of fruit weight and number of fruits per container and plant. In contrast, F1 Mongal produced a higher number of marketable fruits per plant (25 fruits/plant) and per container, compared to F1 Lindo (18.2 fruits/plant). The F1 Mongal variety showed higher productivity with 1 292.1 g of marketable fruit per plant, compared to 796.6 g per plant for F1 Lindo. In addition, the rate of non-marketable fruit was lower for F1 Mongal (2.5%) compared to F1 Lindo (4.4%). The results obtained unequivocally show that the F1 Mongal tomato variety stands out for its superior productivity, both in quantity and quality, which makes it particularly suitable for hydroponics in Côte d'Ivoire.
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