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Agronomic and morphological evaluation of experimental tomato lines grown under greenhouse conditions in Saltillo, Coahuila, México 




.     
.
              . 
                     
	.
..


.
[bookmark: _GoBack]


ABSTRACT 

	Aims: The objective of this research was to evaluate the agronomic and morphological behavior of experimental lines of tomato under greenhouse conditions, in order to generate new F1 materials.
Study design:  The experimental design was a randomized complete block with 16 treatments and four repetitions each, the ANVA was p≤0.05 and the means test was by Tukey (p≤0.05).
Place and Duration of Study: Experimental greenhouse "The Bajío” Buenavista, Plant Breeding Department of the Universidad Autónoma Agraria Antonio Narro. between February 2023 to Novembrer 2023.
Methodology: 16 genotypes of tomato were evaluated (L1 to L16), through the quantification and determination of morphological and agronomic variable, as well as the physicochemical and nutritional quality of the pepper fruits.
Results: The results indicate statistical differences for all the quantified variables evaluated, while the morphological behavior of the lines was variable in most of the evaluated traits. For the yield components, promising lines such as TR-006 and TR-010 were found, which stand out in the number of fruits per plant with 59 fruits, while TR-008, TR-015 and TR-007 are lines that present fruits of greater average weight with 127.4, 115.4 and 100 g respectively. The lines TR-013, TR-016 and TR-006 stand out for producing more kilograms per plant with 3.54, 3.48 and 3.44 kilograms per plant, respectively. For seed production, lines TR-014, TR-013 and TR-003 showed good yield with 162.57, 161.31 and 159.17 seeds per fruit, respectively.
Conclusion: The agronomic and morphological behavior of the genotypes was variable in most of the characters evaluated, which indicates genetic variability between the lines, variability that could be used as a source of germplasm for the generation of new materials with high productive potential either as a free-pollinated variety or as hybrids.
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1. INTRODUCTION

The tomato is one of the world's leading vegetables, due to its high market demand and the significant economic benefits generated by its commercialization [1]. Its demand is constantly increasing, along with its cultivation, production, and trade. This vegetable's popularity stems from its high natural antioxidant and bioactive compounds. Regular consumption of an adequate amount of fresh tomatoes or processed tomato products helps prevent the development of diseases [2]. The annual increase in production in recent years is mainly due to an increase in yield per unit area and, to a lesser extent, to an increase in area [1]. Mexico is one of the countries that exports tomatoes worldwide, mainly to the United States, Canada, and Europe. At the national level, tomato production covers more than 49 thousand hectares in its different production systems, obtaining a yield of more than three million tons produced in 2022. There are five states with the highest production of this vegetable, led by Sinaloa, Michoacán, San Luis Potosí, Baja California Sur and Morelos [3]. Tomato productivity depends primarily on the choice of variety and largely on the technological level under which it is grown, whether in the field or in a greenhouse, and above all, on the agronomic management given to the crop, in addition to the type of tomato that the market demands, in addition to that, resistance to adverse climatic factors, diseases and pests must be sought [4]. The main diseases of the crop are: Botrytis cinerea, Alternaria dauci f. solana, Phytopthora infestans, Pythium aphanidermantum, Fusarium oxysporum, and Rhizoctonia solani [5]. Although the species is widely cultivated worldwide, its genetic diversity is considered limited. As a result, they are more susceptible to pests, diseases, abiotic stress, as well as to the loss of their sensory attributes [6]. Genetic improvement programs have mainly tended to increase aspects such as productivity, disease resistance, product uniformity, or external quality, but they are gradually incorporating the improvement of organoleptic properties among their objectives, for example, seeking an increase in soluble solids, and increasing the content of compounds with healthy or functional properties such as antioxidants [7]. In Mexico, the supply of tomato variety seeds is carried out through private companies that import them from different countries. This translates into high costs of commercial seeds. In addition to the scarcity of public research on this species, it opens the possibility of generating national genetic improvement programs, which allow evaluating lines with potential to generate new materials with high productive potential, as well as seeds to commercialize, therefore, it is necessary to constantly characterize and evaluate genotypes [8]. To obtain new materials, germplasm with genes of commercial interest and nutritional value is required. This is achieved through the characterization of the material, where the agronomic and morphological potential of the material are considered predominant [9]. The evaluation of phenotypic traits such as fruit morphology, color intensity, nutritional quality, firmness, flavor, and aroma are challenging and time-consuming due to the quantitative nature of the traits [10]. However, studies on phenotypic attributes are needed because these parameters have been widely used to evaluate genetic diversity, genetic value, and crop yield potential [11]. Therefore, the objective of this research was to evaluate the agronomic and morphological behavior of experimental tomato lines under greenhouse conditions. This will eventually lead to the development of new materials with high production potential and improved fruit and seed quality.

2. material and methods

2.1. Location
The research was conducted in a conventional greenhouse at the Department of Plant Breeding, located at the Universidad Autónoma Agraria Antonio Narro (UAAAN), in Buenavista, Saltillo, Coahuila, at a latitude of 25° 21' 33" N, longitude of 101° 02' 20" W, and an altitude of 1,731 meters above sea level (Google Earth, 2023).

2.2. Genetic Material
The germplasm used consisted of 16 experimental lines of tomato (Solanum lycopersicum) of determinate growth type called TR-001, TR-002, TR-003, TR-004, TR-005, TR-006, TR-007, TR-008, TR-009, TR-010, TR-011, TR-012, TR-013, TR-014, TR-015 and TR-016, belonging to the seed and grain production program of the Center for Training and Development in Seed Technology (CCDTS) of the Department of Plant Breeding of the UAAAN, which are in filial generation 5 (Lines F5).

2.3. Experimental Management of the Lines 
The experiment was established in a conventional greenhouse under a randomized complete block design to evaluate these experimental lines. The material was sown on February 18, 2023, in 200-well polystyrene trays, in a mixture of Peat moss (Premier®) and perlite (Termolita®) substrate at a ratio of 70 and 30%, respectively. Thirty days after sowing in the trays, the seedlings reached the appropriate development for transplanting (February 22, 2023). Therefore, four seedlings were transplanted per boli of coconut fiber (Jiffy Group®, Hydro CS coconut fiber) of each experimental line. The plant was trained and tutored using the Spanish method, using raffia thread and wood for support. This is an essential practice in tomato cultivation, which consists of ensuring that the plant grows vertically and prevents the weight of the fruit from touching the ground and slowing its growth. In addition to facilitating fruit harvesting, it also makes better use of available resources, and phytosanitary treatments are more uniform and effective. The crop was nutrient-rich using a modified Steiner method, starting with a 50% solution during the growth stage, then 75% during fruit set, and 100% during the production stage. The pH range was 5.9–6.1 and the electrical conductivity was 1.5–2.7 dS/m. A phytosanitary protection program was carried out for different agricultural products with different active ingredients to prevent and control pests: Lamda-cyhalothrin, Abamectin, Chlorantraniliprole, Flupyradifurone Thiacloprid, Spiromesifen, Chlorfenapyr, Thiamethoxam, Deltamethrin and Imidacloprid + Betacyfluthrin, to keep the crop healthy and not affect the evaluations in the experiment.

2.3. Variables Evaluated
The variables considered in this research were: plant height, which was measured in centimeters using a Gripper® tape measure (Truper FH-8M®). Stem diameter was measured in centimeters using an Avedistante® digital caliper, model B07Q8JLHNQ®, at the base of the plant. Measurements were taken every eight days. Leaf length and width were also evaluated. For these variables, a leaf was taken from the middle of the plant and measured in centimeters using a Truper FH-8M® tape measure. In the fruits the equatorial, polar diameter and mesocarp thickness were evaluated, for this a vernier caliper (Avedistante® model B07Q8JLHNQ) was used, the units were expressed in millimeters (mm), for the number of locules the fruits were cut in the middle and counted visually, in number of fruits per plant, the fruits harvested per plant were counted in each of the harvests, for yield (kg plant-1), the fruits of each plant and each harvest were weighed on a digital scale of the OHAUS® brand, this for each line. For the number of seeds per fruit, the seed was extracted from each fruit, leaving it for 24 hours in a container with water to stimulate fermentation and eliminate the mucilage, subsequently washed and dried, the number of seeds per fruit was counted. For the physicochemical properties of the fruit, such as pH and EC, the pH was determined directly from the fruit using an Oumij® digital pH potentiometer, model B0856ZY62V. The device was inserted into the middle of the fruit and then the reading was recorded. For Brix degrees, a SOONDA® digital refractometer, model TD6010, was used. A drop of fruit juice was used to record the reading on the refractometer.
2.3. Statistical Analysis 
The variables evaluated in this study were statistically analyzed using a completely randomized design with sixteen treatments and four replicates each, using a generalized linear model (ANVA p≤0.05). For those variables with statistically significant variances, a comparison of means test was applied using the Tukey test of means (p≤0.05). All analyses were performed using the Infostat statistical package Ver.2020.

3. results and discussion

The results obtained for the characterization of morphological parameters of the experimental lines of tomato under study, and according to the analysis of variance (p≤0.05), a significant statistical difference was detected between lines as seen in Table 1, for the variable plant height (PH), a superiority is observed in the lines TR-006, TR-013, TR-010, followed by TR-011 and TR-014, the first three with values ​​of 184.42, 168.25 and 164.92 cm, respectively, while TR-003 and TR-009 were the lines with the lowest plant height with a value of 128.64 and 128.29 cm respectively, which is associated with compact plants and little vigor. For the final development of stem diameter (SD), statistical differences were found, with the exception of lines TR-002, TR-007, TR-011, and TR-013, the other lines showed similar but superior statistical performance to those mentioned above. Among these, lines TR-004 and TR-016 stood out (Table 1). Regarding plant height, the results of this research are consistent with reported tomato accessions over 1 m tall [12]. Kumar et al. [13], for their part, evaluated 40 tomato genotypes and reported a final plant height ranging from 52.1 to 184.5 cm. Plant height is an important variable to quantify given that determinate tomatoes are ideal for open-field cultivation, as the sympodial shoots rapidly differentiate into flowers, resulting in rapid and uniform fruit maturity, allowing for mechanized harvesting of tomatoes in open fields, ideal for the industry [14]. Furthermore, the height of a seedling is determined by the length of the stem, which depends on the number and length of the internodes [15].
For leaf length and width, the analysis of variance and means test (Tukey p≤0.05) detected significant statistical differences between lines. The analysis showed that, with the exception of lines TR-006 and TR-009, the remaining lines showed similar but superior performance to those mentioned above. TR-012, TR-016, and TR-011 stood out for leaf length (LL), with a length of 54.67, 53.33, and 51.67 cm, respectively. For leaf width (LW), line TR-011 stood out among the others (Table 1). Leaves are sensitive to environmental conditions, so many morphological and anatomical changes are reflected in this organ. Various environmental factors such as low and high temperatures, salinity, water stress, and radiation stimulate changes in stomatal density. Furthermore, radiation levels also play an important role in their micromorphological characteristics, which impact physiological functions such as respiration and photosynthesis, factors that influence crop yield [16]. Although the genus Lycopersicum shows variation in color intensity, fruit shape and size, as well as growth habits and leaf morphology [17].
For the variable number of locules (ANVA p≤0.05), statistical differences were found, where the highest average value for the variable number of locules was presented by line TR-003 with 6 locules, followed by TR-004, TR-007, TR-008, TR-015 and TR-0016, while the line that presented the fewest number of locules was TR-012 with an average value of 2.27 locules on average (Table 1). For the variable pH of the fruit, no significant statistical differences were found, the values ​​ranged between 3.74 and 4.64, with TR-002 being the least acidic and TR-010 slightly more acidic. For electrical conductivity (EC) and according to ANVA (p≤0.05), all lines are statistically similar. However, we can note that line TR-005 stands out with an EC (538.75 ms m-1), while TR-006 expressed an average of 368.56 ms m-1. Previous studies have reported similar data regarding the number of locules per fruit compared to the data in the present study, ranging from 2.00 to 9.93 between genotypes [10]. Nevertheless, bilocular fruits are desired in the market because they are more stable during post-harvest handling and transportation [14]. In the present study, lines with these desirable characteristics were found. Vásquez et al. [18] found fruits with up to 11 locules; this variation induces the particular shape that tomatoes take. However, the transformation in shape entails pleiotropic effects on fruit architecture, such as those related to the increase in the number of carpels and locules, which could be due to the genetic differences between the lines used in the study [19].
Regarding total soluble solids (°B), there are no statistical differences between the lines evaluated. However, we can note that the highest concentration of 6.04 was recorded in TR-003, followed by three lines: TR-006 (5.84) and TR-005 (5.54). Line TR-002 showed the lowest °Brix percentage, which was 3.93 (Table 1). Some studies show that the flavor quality of tomato fruit, perceived sugar and acidity, have a significant impact on flavor, and sugar content is positively correlated with flavor [20]. High sugar levels provide people with a sense of gustatory pleasure, while moderate acidity can enhance the flavor [21]. Previous studies calculated Brix degrees, obtaining values ​​of 5.51 and 2.97% [10], which were similar to those found in the lines of the present research. They also partially coincided with Zhang et al. [22], where they reported total soluble solids ranging from 3.73 to 8% in tomatoes of different varieties. Therefore, flavor is the main factor affecting consumer preference, which largely depends on the content of soluble solids, sugars, and organic acids. The sweet flavor of tomato is mainly derived from fructose and glucose, while the bitter flavor is mainly attributed to citric and malic acids [23]. Therefore, sugar and acid contents are often used as important indicators for evaluating tomato flavor and, consequently, its quality. However, under the same growing conditions, genetic factors primarily control the formation of aromatic substances, and the variation in total soluble solids in the research could be due to differences in the tomato genotypes used in the studies [22].

Table 1. Analysis of variance (p≤0.05) and comparison of means (Tukey p≤0.05) of morphological components and physicochemical parameters of fruits from 16 tomato lines grown under greenhouse conditions.
	Lines
	PH (cm)
	SD (mm)
	LL (cm)
	LW (cm)
	#LOC
	pH
	EC (ms m-1)
	TSS (°Brix)

	TR-001
	128.5de *
	11.18 abc
	41.33 ab
	50.67 abc
	4.6 abc  
	4.37 a
	445.88 a 
	5 a

	TR-002
	  138.67 bcde
	    10.03 c
	40 ab
	42.33 abc
	2.27 d
	3.74 a      
	497.23 a 
	3.93 a

	TR-003
	128.54 de
	13.03 ab  
	44.67 ab
	46.33 abc
	5.21 a
	4.5 a
	420.4 a 
	6.04 a

	TR-004
	116.63 e
	13.32 a    
	43 ab
	44 abc
	5.46 a
	4.49 a
	462.19 a 
	5.28 a

	TR-005
	141.08 bcde
	12.66 abc
	49 ab
	46.67 abc
	2.86 bcd
	4.59 a
	538.73 a 
	5.54 a

	TR-006
	184.42 a        
	12.76 abc
	37.67 b
	38 c
	2.56 cd
	4.38 a
	368.56 a 
	5.84 a

	TR-007
	131.75 cde
	10.19 bc
	44.33 ab
	41.67 abc
	4.9 ab
	4.41 a
	474.04 a 
	4.6 a

	TR-008
	130.17 cde
	10.88 abc
	44 ab
	40.67 abc
	5.08 a
	4.27 a
	448.67 a 
	4.35 a

	TR-009
	128.29 de
	12.93abc
	44.67 ab
	40 bc
	2.44 d
	4.58 a
	519.07 a 
	5.08 a

	TR-010
	164.92 abc    
	12.41 abc
	49.67 ab
	45.33 abc
	2.33 d
	4.64 a
	494.79 a 
	5.45 a

	TR-011
	155.33 abcd  
	10.04 c
	51.67 ab
	57.33 a
	2.89 bcd
	4.55 a
	446.79 a 
	4.53 a

	TR-012
	107.17 e
	11.28 abc
	54.67 a
	53.67 abc
	2.27 d
	4.44 a
	385.34 a 
	4.34 a

	TR-013
	168.25 ab      
	10.04 c
	48 ab
	48 abc
	2.63 cd
	4.64 a
	405.5 a 
	4.42 a

	TR-014
	156 abcd  
	11.43 abc
	48.33 ab
	49.33 abc
	2.56 cd
	4.55 a
	513.46 a 
	5.33 a

	TR-015
	112.83 e
	12.23 abc
	49 ab
	56.33 ab
	4.29 abcd
	4.39 a
	464.04 a 
	4.68 a

	TR-016
	116.92 e
	13.32 a    
	53.33 a
	55.67 ab
	3.52 abcd
	4.42 a
	439.5 a 
	4.13 a

	ANVAp≤
	0.0001
	0.0001
	0.0112
	0.0010
	0.0001
	0.2152
	0.9631
	0.0506

	DF
	32
	32
	32
	32
	32
	32
	32
	32

	CV (%)
	8.64
	8.18
	11.07
	11.72
	19.86
	7.09
	28.22
	15.75


*= Different letters in the columns differ statistically (Tukey p≤0.05). PH: Plant height, SD: Stem diameter, LL: Leaf length, LW: Leaf width, #LOC: Number of locules, pH: Hydrogen potential, EC: Electrical conductivity, TSS= Total soluble solids (°Brix), CV: Coefficient of variation, DF: Degrees of freedom.

Statistical differences were also observed for the equatorial diameter of the fruit. With the exception of TR-002 and TR-010, all other lines exhibited the same statistical behavior, with values ​​between 50 and 66 mm. However, line TR-008 stands out among them with an average value of 66.48 mm. Within these parameters, line TR-002 had the smallest diameter, at 46.27 mm, as can be seen in Figure 1-A. In the variable polar diameter of the fruits, statistically significant differences were detected (ANVA p≤0.05) between the lines evaluated, where TR-013 stands out with 73.18 mm, followed by TR-011, TR-012, TR-014, TR-015, TR-008, TR-004 and TR-001, on the contrary, the TR-002 lines with 41.94 mm were the ones with the lowest polar diameter, as can be seen in figure 1-B. Fruit shape and size are very important not only for the consumer but also for transportation. Fruit shape is one of the most promising traits that can be noticed with the naked eye and can be used for the clear identification of tomato cultivars during field inspection [10]. Furthermore, classifies tomatoes into four categories ranging from small (maximum 4.7 cm), medium, large, and extra-large (> 7.0 cm), according to the market for which the product is intended [1]. Hence the importance of evaluating the polar and equatorial diameter of the tomato fruit. It has also been reported that fruit length differs significantly between the tested genotypes, as they found values ​​ranging from 3.91 to 6.57 cm in fruit length, results similar to those obtained in this research [10]. Fruit diameter also varied significantly between lines, in reference it has been reported fruit diameters between 3.63 and 8.15 cm [10]. Records of 3.74 and 5.34 cm in diameter in cultivated tomato were also reported by [24], although in this research larger diameter fruits were found in this experiment. These variations could be due to the influence of the climate or the characteristics of each genotype and/or both due to their interaction [10].

  

Figure 1. Means test (Tukey p≤0.05) of the variable polar fruit diameter (1-A) and equatorial fruit diameter (1-B), of 16 experimental tomato lines evaluated in a greenhouse, vertical bars correspond to the standard deviation.

According to the analysis of variance (p≤0.05) shown in Figure 2, a significant variation in mesocarp thickness was found among the sixteen lines evaluated. The maximum mesocarp thickness was 9.59 mm, which was recorded in line TR-006, although statistically similar to most lines, while the lowest mesocarp thickness was 6.3 mm, recorded in line TR-002, which, together with line TR-004, were statistically inferior to the others. A greater thickness of the mesocarp increases the weight and edible part, improving the quality of the fruit [25]. This situation could bring benefits given that a greater thickness of the mesocarp allows the fruits to extend their post-harvest life, an essential factor in commercialization [26]. The average thickness of the pericarp was slightly greater in the present study compared with report a pericarp thickness of 8.07 to 4.40 mm [10]. On the other hand, report pericarp thickness with values ​​between 7.66 and 7.80 mm, which are lower than those obtained in this study [14]. However, the results obtained in this research were similar to those found by Andreía ​​et al. [27], who worked with five determinate tomato cultivars and obtained average pericarp thicknesses between 7.2 mm and 10.4 mm. This variation could be due to the difference in genotypes between the studies. In addition, tomato fruits with greater pericarp thickness are desirable since they generally provide a longer shelf life and better withstand long-distance transport. In addition, they contribute more weight to the yield and influence the size of the fruit, an important consideration for the consumption of both fresh and industrial tomatoes [28].



Figure 2. Means test (Tukey p≤0.05) of the mesocarp thickness variable for 16 tomato lines evaluated in a greenhouse.

For the performance components, significant statistical differences were found (ANVA p≤ 0.05) and according to the Tukey means test p≤ 0.05, in figure 3-A, the behavior of the lines for the variable number of fruits per plant is shown, in which we observe that TR-006 and TR-010 are superior with 59 fruits on average, and with an average of 21.08 fruits per plant the TR-008 line is the one that expressed the lowest number of fruits, the rest of the lines remained intermediate values ​​​​of 28 to 45 fruits per plant on average. For average fruit weight, and according to figure 3-B, it is observed that there are significant statistical differences, with TR-008 and TR-015 being the most outstanding lines, reporting an average weight per fruit of 127.41 and 115.39 g respectively. On the contrary, the line with the lowest average fruit weight was the TR-010 line with 43.98 g, the rest of the lines maintained values ​​between 60 and 90 g on average. A high correlation between yield and average fruit weight, fruit length and diameter, as well as the total number of fruits [29]. Therefore, these traits are very important for selection in tomato genetic improvement. However, report similar data to those obtained in this study, obtaining between 49.4 and 29.6 fruits per plant [14]. Other authors reported values ​​of 36.5 fruits per plant in indeterminate tomato plants [30]. On the other hand, Bertrand et al. [24] evaluated two determinate hybrids (Roma Savana and Roma Rossol), obtaining values ​​of 22 and 24 fruits per plant, respectively. The latter were lower than those observed in this study.
The results obtained from the present study for average fruit weight are higher than those reported by authors who obtained fruits with values ​​greater than 117 g being the heaviest, while values ​​of 112.05 g were the lines that presented fruits of lower weight in this investigation [14]. Likewise, they were higher than those reported by others authors, where the determined growth lines failed to surpass the control with an average weight of 104.5 g 31. 

 
Figure 3: Means test (Tukey p≤0.05) of the variable of number of fruits per plant (3-A), and of the variable average fruit weight (3-B), of 16 experimental tomato lines evaluated in a greenhouse.

A statistically significant variation was observed in tomato lines in yield in kilograms per plant (kg plant-1), ranging from 2.32 to 3.54 kg plant-1 between lines (Figure 4-A). Line TR-013 produced the highest yield with 3.54 kg plant-1, however, it was statistically similar to line TR-016 with 3.48 kg plant-1, followed by lines TR-006, TR-005, TR-007, TR-011, TR-014 and TR-015, while the lines that produced the lowest yield were TR-004, TR-001, TR-002, TR-003, TR-009, TR-010 with values ​​between 2.4 and 2.6 kg plant-1. For the variable yield calculated in tons per hectare (t ha-1) a statistically equal behavior was observed to the previous variable, therefore, the lines TR-013, TR-016 and TR-006 stood out with more than 75 tons per hectare calculated (figure 4-B). Yield is a highly variable trait, largely dependent on genotype, environmental conditions, the presence of pests and diseases, and plant management practices, including planting density and pruning. The results of this research are not inferior to those reported by Burbano and Vallejo [31], who found a yield of 4.6 kg plant-1. Furthermore, another study evaluating determinate lines showed yields between 4.1 and 4.3 kg plant-1 [14]. Fertilization and irrigation are especially important for tomatoes used for production, since imbalances due to water stress and humidity can lead to a reduction in production [32], conditions that were not observed during the experiment carried out, these authors reported a calculated production of 68.58 t ha-1 and 61.60 t ha-1, values ​​similar to those obtained in this study. On the other hand, when carrying out an agronomic evaluation of industrial tomato, found that the best yields were obtained from the hybrids RVT-07 x RVT-10 (77.05 t ha-1) and RVT-02 x RVT-03 (70.65 t ha-1) [33]. These results show that there are promising tomato lines for the yield characteristic, which is of great importance for genetic improvement programs and as previously mentioned depends on many factors that most of the time cannot be controlled.

     
Figure 4: Means test (Tukey p≤0.05) of the yield variable in kilograms per plant (4-A) and yield calculated in tons per hectare (4-B), of 16 experimental tomato lines evaluated in a greenhouse.

When evaluating experimental lines, a variable to consider and of utmost importance is the amount of seed produced by the genotypes. In this variable, a highly significant variation was exhibited (ANVA p≤ 0.05) between the lines evaluated, as can be seen in Figure 5. The highest number of seeds per fruit was reported in line TR-014 with 162.57, however, statistically it was similar to TR-013 and TR-003 with a production of 161.31 and 159.17 seeds per fruit respectively, followed by TR-011, TR-005, TR-004, TR-009 and TR-002. While the lowest number of seeds per fruit was obtained from lines TR-008 and TR-015, which were statistically similar. A highly significant variation was exhibited between the lines related to seed production in this aspect Salim et al. [10], report averages of seed production per fruit of 147.60 being the best yield and 46.05 seeds per fruit as the lowest yield. However, these results were similar to those reported in this study where the values ​​​​ranged from 80 to 160 seeds per fruit. This could be due to the size of the fruit and the viability of the pollen, since it is mentioned that permanent daytime temperatures above 35 ° C and nighttime temperatures above 21 ° C drastically reduce the formation of tomato seeds, decreasing the number of seeds that develop in the fruit [34].


Figure 5. Means test (Tukey p≤0.05) of the variable number of seeds per fruit of 16 experimental tomato lines evaluated in a greenhouse.

4. Conclusion

The agronomic and morphological behavior of the genotypes was variable in most of the evaluated traits, indicating genetic variability among lines, a variability that could be used to generate new materials with high production potential, either as varieties or as hybrids. For the evaluation of tomato genotypes, various characteristics must be taken into account, including plant, fruit, quality, and yield characteristics, as well as market-specific quality requirements, such as fruit size and shape, flavor, firmness, soluble solids content, and fruit color, among others. Regarding yield components, promising lines were found, such as TR-006 and TR-010, which stand out in the number of fruits per plant, while TR-008, TR-015, and TR-007 are lines that present fruits of greater average weight. Lines TR-006, TR-013, and TR-016 stand out for producing more kilograms per plant. For the production of TR-013, TR-014 and TR_003 seeds they have good performance.
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[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.5314073048452324	16.533476141856347	2.4935019717925484	6.1857773275339731	5.3502421576815848	4.160167326863192	5.8521541617880599	4.9556089328994997	0.82507101967043106	2.8676286842674252	1.3684550671590714	6.6429130862020145	3.0727146826272902	2.9662972323813626	0.41656769657923226	3.4639381038782977	1.5314073048452324	16.533476141856347	2.4935019717925484	6.1857773275339731	5.3502421576815848	4.160167326863192	5.8521541617880599	4.9556089328994997	0.82507101967043106	2.8676286842674252	1.3684550671590714	6.6429130862020145	3.0727146826272902	2.9662972323813626	0.41656769657923226	3.4639381038782977	TR-001	TR-002	TR-003	TR-004	TR-005	TR-006	TR-007	TR-008	TR-009	TR-010	TR-011	TR-012	TR-013	TR-014	TR-015	TR-016	57.62	46.27	57.09	62.12	56.62	52.94	56.75	66.48	55.24	48.83	50.67	52.34	50.28	52.16	61.19	60.27	ab       	b       	ab       	ab       	ab       	ab       	ab       	a          	ab       	b       	ab       	ab       	ab       	ab       	ab       	ab       	Lines


Equatorial diameter of fruit (mm)



Medias	a-d
[CELLRANGE]
b-d
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.28874278490263977	15.724981369225866	1.5259773166182125	1.1935536487732836	3.7409630695183327	2.9234437633551265	1.9322812780493412	2.9084019810427391	0.83075643241566177	2.360219909422284	4.0980702394541719	10.688799263130475	7.8379394148483534	2.0779064734727606	4.3244445091248433	1.0228699921462832	0.28874278490263977	15.724981369225866	1.5259773166182125	1.1935536487732836	3.7409630695183327	2.9234437633551265	1.9322812780493412	2.9084019810427391	0.83075643241566177	2.360219909422284	4.0980702394541719	10.688799263130475	7.8379394148483534	2.0779064734727606	4.3244445091248433	1.0228699921462832	TR-001	TR-002	TR-003	TR-004	TR-005	TR-006	TR-007	TR-008	TR-009	TR-010	TR-011	TR-012	TR-013	TR-014	TR-015	TR-016	57.65	41.94	53.94	59.06	52.23	50.78	51.99	60.93	55.45	51.45	61.12	67.81	73.180000000000007	70.09	62.46	62.47	abcd    	d    	bcd    	abc       	cd    	cd    	cd    	abc       	bcd    	cd    	abc       	abc       	a             	ab          	abc       	abc       	Lines


Polar diameter of fruit (mm)



Medias	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.11764839919579557	2.3399747372211808	1.1271045130480788	0.41913850137315406	1.0123520982510648	0.60584726743489858	0.86773771959043022	0.88887071378988081	1.5682436101681947	0.25839070263524011	0.63567918074554985	0.26010815058356024	0.45186246524800022	0.69102316953437504	0.91943710134697898	0.75578498099657931	0.11764839919579557	2.3399747372211808	1.1271045130480788	0.41913850137315406	1.0123520982510648	0.60584726743489858	0.86773771959043022	0.88887071378988081	1.5682436101681947	0.25839070263524011	0.63567918074554985	0.26010815058356024	0.45186246524800022	0.69102316953437504	0.91943710134697898	0.75578498099657931	TR-001	TR-002	TR-003	TR-004	TR-005	TR-006	TR-007	TR-008	TR-009	TR-010	TR-011	TR-012	TR-013	TR-014	TR-015	TR-016	6.68	6.3	7.32	6.59	8.4	9.59	8.2200000000000006	7.65	7.93	7.72	7.8	7.84	7.34	7.69	8.5500000000000007	7.51	ab	b	ab	b	ab	a	ab	ab	ab	ab	ab	ab	ab	ab	ab	ab	Lines


Mesocarp thickness (mm)



NFPlan	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

3.0233811095085801	1.1250925887825114	4.2597926397106773	1.9094065395649336	2.3760962382305419	3.9554814287686062	0.90138781886599728	0.62915286960589589	4.9644570028688273	2.8831406486676991	3.2787192621510002	3.214550253664318	1.2332207155790618	0.90138781886599728	2.3053850003849683	6.1593424973774598	3.0233811095085801	1.1250925887825114	4.2597926397106773	1.9094065395649336	2.3760962382305419	3.9554814287686062	0.90138781886599728	0.62915286960589589	4.9644570028688273	2.8831406486676991	3.2787192621510002	3.214550253664318	1.2332207155790618	0.90138781886599728	2.3053850003849683	6.1593424973774598	TR-001	TR-002	TR-003	TR-004	TR-005	TR-006	TR-007	TR-008	TR-009	TR-010	TR-011	TR-012	TR-013	TR-014	TR-015	TR-016	30.53	37.619999999999997	29.17	25.42	45.17	59.42	28.5	21.08	42.33	59.25	37	43.67	33.33	37.5	26.54	42	de	bcd	def	ef	b	a	def	f	bc	a	bcd	b	cde	bcd	ef	bc	Lines


Number of fruits per plant



PPF	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
d-g
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.2714293135284409	4.4557958720267221	12.808804732577412	0.86973717387259242	4.6924177851004361	3.7621470588034738	3.7744917981527655	12.552200303630244	5.6732985815992381	4.0728478887125394	5.0602156997951191	1.7397315467255516	7.2277328291491791	2.9870759281814538	2.2179933382343857	9.6025318049884199	1.2714293135284409	4.4557958720267221	12.808804732577412	0.86973717387259242	4.6924177851004361	3.7621470588034738	3.7744917981527655	12.552200303630244	5.6732985815992381	4.0728478887125394	5.0602156997951191	1.7397315467255516	7.2277328291491791	2.9870759281814538	2.2179933382343857	9.6025318049884199	TR-001	TR-002	TR-003	TR-004	TR-005	TR-006	TR-007	TR-008	TR-009	TR-010	TR-011	TR-012	TR-013	TR-014	TR-015	TR-016	82.01	64.09	83.59	91.22	64.62	57.11	102.7	127.41	64.13	43.98	78.489999999999995	75.790000000000006	81.05	77.98	115.39	83.74	def       	fg    	de          	cd             	efg    	 gh 	bc 	a 	fg	h 	def       	 defg    	def       	def       	ab	cd             	Lines


Avarage fruit weight (g)



Kg/Planta	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
a-d
[CELLRANGE]
a-d
[CELLRANGE]
b-d
[CELLRANGE]
a-d
[CELLRANGE]
[CELLRANGE]
a-d
a-c
[CELLRANGE]

0.21688250467322948	0.13720992128851336	0.25203649702638975	0.19577703091357102	9.5625680825462911E-2	3.1457643480292943E-3	5.2870714956391514E-2	0.21946075009744517	0.45286989945605349	0.20913636898763771	0.20632195714465285	0.30219767950796722	0.29566221576882856	4.1306779104645773E-2	0.26125398721040305	0.12827176553448263	0.21688250467322948	0.13720992128851336	0.25203649702638975	0.19577703091357102	9.5625680825462911E-2	3.1457643480292943E-3	5.2870714956391514E-2	0.21946075009744517	0.45286989945605349	0.20913636898763771	0.20632195714465285	0.30219767950796722	0.29566221576882856	4.1306779104645773E-2	0.26125398721040305	0.12827176553448263	TR-001	TR-002	TR-003	TR-004	TR-005	TR-006	TR-007	TR-008	TR-009	TR-010	TR-011	TR-012	TR-013	TR-014	TR-015	TR-016	2.5	2.41	2.41	2.3199999999999998	2.91	3.38	2.92	2.68	2.72	2.61	2.9	2.5299999999999998	3.54	2.92	3.06	3.48	cd	cd	cd	d	abcd	ab	abcd	cd	bcd	cd	abcd	cd	a	abcd	abc	a	Lines


Yield (Kg planta-1)



Rend(T/HA)	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
a-d
[CELLRANGE]
a-d
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
a-d
[CELLRANGE]
[CELLRANGE]
a-d
[CELLRANGE]
[CELLRANGE]

4.8798563551476661	3.0837216464376853	5.6708211830937723	4.4032939256689803	2.1472138864021728	7.04902844960381E-2	1.1871605326190429	4.93778703015919	10.189572737761182	4.7055683022218453	4.6422440357546897	6.7994477889292604	6.652428725112979	0.9294025298545312	5.878214712234068	2.8860460580105602	4.8798563551476661	3.0837216464376853	5.6708211830937723	4.4032939256689803	2.1472138864021728	7.04902844960381E-2	1.1871605326190429	4.93778703015919	10.189572737761182	4.7055683022218453	4.6422440357546897	6.7994477889292604	6.652428725112979	0.9294025298545312	5.878214712234068	2.8860460580105602	TR-001	TR-002	TR-003	TR-004	TR-005	TR-006	TR-007	TR-008	TR-009	TR-010	TR-011	TR-012	TR-013	TR-014	TR-015	TR-016	56.3	54.19	54.24	52.19	65.52	76.12	65.81	60.36	61.18	58.55	65.19	56.92	79.569999999999993	65.760000000000005	68.89	78.25	cd	cd	cd	d	abcd	ab	abcd	cd	bcd	cd	abcd	cd	a	abcd	abc	a	Lines


Calculated yield (t ha-1)



NSF	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

27.815190094622775	17.994500085674428	45.220000368568471	30.698223618530989	14.39194682221045	11.977705679024378	49.922747320234706	8.411367308588984	6.3379518247879769	13.977406769497799	7.0199810066219754	19.603227625402248	13.947897989780881	18.534217005312094	21.853092077171432	11.815296582538023	27.815190094622775	17.994500085674428	45.220000368568471	30.698223618530989	14.39194682221045	11.977705679024378	49.922747320234706	8.411367308588984	6.3379518247879769	13.977406769497799	7.0199810066219754	19.603227625402248	13.947897989780881	18.534217005312094	21.853092077171432	11.815296582538023	TR-001	TR-002	TR-003	TR-004	TR-005	TR-006	TR-007	TR-008	TR-009	TR-010	TR-011	TR-012	TR-013	TR-014	TR-015	TR-016	90.29	130.71	159.16999999999999	122.47	127.22	90.52	103.67	67.16	121.63	100.05	145.31	83.71	161.31	162.57	67.760000000000005	80.489999999999995	bcd    	abcd    	ab      	abcd    	abcd    	bcd    	abcd    	d    	abcd    	abcd    	abc       	cd    	ab          	a             	d    	cd    	Lines


Number of seeds per fruit



