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Abstract

:

Solanum lycopersicum is a vegetable with a high mineral, nutraceutical, and vitamin content. It is a basic ingredient in the human diet, and its use is diverse within the kitchen. Grafting and Ca, K, and Mg applications can be used to increase production and raise the mineral contents of tomato fruit. An experiment was established with tomato plants using the “CID F1” variety with the “FORTAMINO” rootstock, established in the NFT system, determining the influence on the agronomic yield and mineral composition of the fruit. Grafted and non-grafted plants were considered, with five concentrations (0-0-0, 9-0-0, 0-12-0, 0-0-9, and 9-12-9 mEq L−1) of Ca, K, and Mg, respectively. A highly significant difference was obtained in the grafted plants on high plants, number of leaves, number of fruits, polar diameters of fruits, equatorial diameters of fruits, and weight of fruits, with an increase in variables, FW 19% and NF 18%, and an improvement for the mineral composition in elements such as Ca 10%, P 1%, Mn 6%, Zn 7%, Cu 6%, Fe 64%, K 21%, and Mg 19%. The 9-12-9 meq formula improved Ca 6%, P 4%, Mn 12%, Zn 14%, Cu 8%, Fe 74%, and Mg 25%. The graft and the addition of calcium, potassium, and magnesium increased the mineral content in tomato fruits and improved the agronomic performance of the plants.






Keywords:


graft; mineral composition; productivity; Solanum lycopersicum












1. Introduction


The tomato (Solanum lycopersicum L.) is an important source of bioactive compounds beneficial to human health, and 180 million tons are produced worldwide, of which 20% are used for industrial transformation [1]. This vegetable also participates in providing humans with a wide variety of nutrients with potentially beneficial effects. Its consumption favors the intake of nutraceuticals due to their nutritional and pharmaceutical properties, given their richness in lycopene and biologically active metabolites that are beneficial to human health [2]. This vegetable increases antioxidant status and is associated with high mineral uptake; low mineral intake can induce inflammatory processes and affect defense systems [3].



Grafting confers resistance to root problems in plants and tolerance to abiotic stresses, which is why the use of alternative techniques has been adopted in tomato production that will guarantee vegetative and root development for efficient nutrient absorption and make the productive system more efficient [4,5,6,7]. Grafted tomatoes have been shown to modify the general mineral composition of the plant and improve yield and biomass accumulation [4,8,9]. Furthermore, nutrient uptake in horticultural crops is enhanced by the selection of suitable rootstocks, which play a vital role in manipulating the nutritional status of shoots by directly affecting ion uptake and transport [10].



Calcium, potassium, and magnesium are essential elements that, When added supplementally, intervene in the formation, production, and quality of tomatoes’ fruits [9,11,12]. Ca modifies the total photochemical content and the concentration of lycopene in tomato fruits [11], as it is one of the essential elements for plant growth and fruit development [13]. The nutraceutical and mineral quality of the fruits is increased by the addition of potassium. It is a demanded element during the formation of tomato fruits [14]; the potassium-to-calcium ratio increases the quality attributes. Potassium participates in photosynthesis, respiration, and the activation of enzymes, and it has a significant influence on both the growth and the quality of fruits and vegetables [9,14]. Mg is involved in the photosynthetic reaction; it is a basic component of chlorophyll and activates enzymes that intervene in the synthesis of nucleic acids. The addition of this element contributes to the content of sugars and vitamin C, producing high-quality plants since it is an auxiliary in the metabolism of phosphates, plant respiration, and the activation of various enzyme systems involved in energy metabolism [12,15].



Therefore, grafting efficient nutrient absorption maximizes fertilization efficiency, increases plant vigor, ensures better yield and increases fruit quality [4,6]. The use of the grafting technique in tomato cultivation with the supplementation of Ca, K, and Mg is a technical–scientific novelty; it is considered a viable alternative to increase the quality of the crop and production. Its implementation, according to the formula recommended in the fruiting stage (9-12-9), could generate an improvement in the growth and development of plants.



Based on this, the objective of the present work was to evaluate the effect of grafting and the applications of Ca, K, and Mg to increase production and increase the mineral content of tomato fruit.




2. Materials and Methods


The research was carried out in a medium-technology micro-tunnel greenhouse at the horticulture department of the Antonio Narro Autonomous Agrarian University, Saltillo, Coahuila, Mexico. Latitude is 25°21′23.4″ and longitude 101°02′10.6″, with an altitude of 1760 m above sea level, where the average temperature is 25 °C.



2.1. Vegetal Material Used and Growing Conditions


Seeds of “Cid F1”, from Harris Moran® produce an indeterminate tomato with uniform fruit size and shape, thick walls that provide excellent firmness, intense red fruits with long shelf life and high yield and these seeds work well in hydroponic systems. The rootstock Fortamino tomato was used, which is a tomato with a very high vigor and resistance to Fusarium oxysporum f.sp. lycopersici, races 0.1 and 2, and it is recommended for saline soils (Enza Zaden®, Enza Zaden®, Culiacan, Sinaloa, Mexico). Sowing was performed in a germinating tray of polystyrene (cavity measures: width 25 mm, length 25 mm, and depth 70 mm). Inside the greenhouse, there was an average irradiance of 187.47 W/m2, the average temperatures recorded were 25 to 35 °C, and the average relative humidity inside ranged between 40 and 60%. The scion was sown on 19 February 2021 and the rootstock was sown 7 days later. This difference in sowing times was because the rootstock has greater vegetative vigor compared to the scion; with this, it was sought that both the stems of the scion and the rootstock had a similar diameter, which benefits the union of both plant structures. The grafted plants were placed in 250 mL Styrofoam containers. The substrate for filling the sowing trays was a mixture of peat moss with perlite at a 70:30 ratio.




2.2. Graft


The grafting process was carried out on 23 March 2021, when the plants had a 3 mm stem diameter, approximately, which was obtained 32 days after sowing of the scion. The splicing technique was used, which consisted of a cut at a 45° angle in the two plants to form one, and a silicone clip was applied to the union site. Subsequently, the grafted plants were kept for 15 days in an acclimatization chamber; they were in dark conditions for a period of 3 days, 5 with 50% shade and the rest of the days without shade. The relative humidity was 95%, and the temperature ranged between 25 and 35 °C for 10 days to favor the grafting process. Subsequently, the silicone clip was completely removed since the union between the scion and the rootstock had been produced and healed. The Steiner nutrient solution was used in mEq L−1 (chemical composition: NO3−, H2PO4−, K+, Ca++, Mg++, NH4+, and SO4=) in different concentrations: approximately 25% at the beginning of vegetative growth (3, 0.6, 1, 3, 1, 0.5, 1.6 mEq L−1, respectively); 50% vegetative growth at the beginning of flowering (8, 1, 4, 7, 3, 1, 4 mEq L−1, respectively), 75% fruit set (12, 1.2, 6.5, 9, 3.5, 1, 6 mEq L−1, respectively), and 100% ripening and harvest (13, 1.2, 7.5, 9, 4, 1, 7 mEq L−1,respectively). With a pH of 6–6.5 and EC from 750 to 1500 mg L−1, additional treatments were supplementary foliar applications of Ca, K, and Mg (9-12-9 mEq) to grafted and non-grafted plants.




2.3. Nutrient Film Technique (NFT)


The NFT system (Figure 1) used consisted of 6 PVC pipes 15.24 cm in diameter, with 16 holes 6 cm wide and 30 cm between holes. The distance between tubes was 60 cm, 68 L plastic boxes were used to collect the nutrient solution, and 25-watt submersible electric pumps for fish tanks with a circulation capacity of 1500 L per hour were used for recirculation of the nutrient solution. In a closed system, it is essential to maintain adequate EC during the growing season, renew the nutrient solution every time it reaches a value of 3.5 dS∙m−1, replace the transpired water with tap water, compensate for the transpired water with standard nutrient solution, and add all the nutrients according to the estimated consumption.




2.4. Transplant to the NFT System


The transplant was carried out on 20 April (28 days after grafting), when the clips for the attachment had already been removed, with bare roots by completely removing the substrate from the root and immersing it in a 3% hydrogen peroxide solution as a preventive treatment against pathogenic microorganisms. Hydroponic baskets of three inches were used to adjust the plant inside the basket. A sponge was used to cover the root from direct sunlight, leaving the root free to have contact with the nutrient solution.




2.5. Treatments Application


The fertilizers that were added were the commercial products AMIFOL K®, HUMISOIL MG 14®, and HUMISOIL CA 16® (Tradecorp, Zapopan, Jalisco, Mexico). Supplementary applications were applied by spraying direct spraying on the fruit. Two factors were considered: factor 1 consisted of grafting with two levels (with and without grafting); factor 2: five levels corresponding to plants treated with different doses of Ca, K, and Mg (0-0-0, 9-0-0, 0-12-0, 0-0-9, 9-12-9), with a total of 10 treatments with 10 replicates. The treatments were evaluated using a 2 × 5 factorial arrangement in a completely randomized design with 10 experimental units per treatment, with a total of 100 plants.




2.6. Analysis of Crop Parameters


The productive cycle of the plants lasted until the development of the fifth floral cluster, when the plants emitted said cluster, and the apex was cut to stop it. At 110 days after transplanting, plant height (PH) was measured. This parameter was evaluated with a TOOLCRAFT® model TC0234 (Toolcraft, Nuevo Leon, Mexico) measuring tape with a three-meter capacity, measuring from the base of the stem to the apex of the stem. From the transplant, the number of leaves (NL) was counted every 15 days until the end of the growth cycle, and 10 repetitions per treatment were evaluated (n = 10). The fruits were harvested 82 days after transplanting, and 5 harvests were carried out in total, based on the USDA classification, which indicates that the fruits should have 90% of the surface of a uniform red color. The number of fruits (NF) was counted and weighed on a portable scale (OHAUS®, model H-8109, OHAUS Latinoamierica, Mexico DF, Mexico) to estimate the total yield. A total of 6 fruits were selected per treatment at the time of harvest. The polar diameter (PD) and equatorial diameter (ED) of each fruit were measured with a digital caliper.




2.7. Mineral Content of the Fruit


The content of macromineral elements was carried out with a nitric acid digestion technique: 0.5 g of dry sample was weighed and placed in a 100 mL beaker, then 30 mL of concentrated HNO3 were added and boiled for 3 h while maintaining the initial volume of 30 mL. The digested samples were filtered with a No. 42 Whatman® filter paper (Merck KGaA, Darmstadt, Alemania) and made up to 50 mL with deionized water. The resulting solution was analyzed with a PerkinElmer® spectrometer (Proinstra S.A., Quito, Ecuador), model PinAAcle 900H, at the UAT. The quantification of minerals was carried out for N, K, Ca, Mg, Fe, Cu, Zn, and Mn. The quantification of phosphorus was carried out with the technique of “Phosphorus in plant by UV-Visible spectrophotometry” by using 2 mL of heptamolybdate–vanadate and the amount of deionized water required to make 10 mL. Shake and let it rest for half an hour. Read absorbance of each of the solutions at 470 nm in a UV–visible spectrophotometer.




2.8. Statistic Analysis


For data processing, an analysis of variance and a comparison of means were performed using the LSD test (p ≤ 0.05). Infostat® version 2017 software was used.





3. Results


3.1. Crop Parameters for Grafts


With the grafting factor, a yield of up to 5.2 kg per plant was achieved, which means an increase of 30% compared to the control, while an increase in the agronomic variables evaluated was observed in PH, NL, NF, PD, ED, and FW, which showed significant differences at early stages compared to the non-graft factor. The implementation of grafted plants showed an increase in fruit weight of 19%, number of fruits by 18%, and fruit firmness by 4%, considering that the modalities of Graft/No Graft did not show statistically significant differences in the concentration of pH (potential hydrogen) and TSS (total soluble solids).




3.2. Crop Parameters for Doses


Fertilized treatments did not show an increase in PH, NL, NF, PD, ED, and FW (Table 1), but in the interaction of the factors, there was an influence of the variable of ED increasing with the treatments 9-0-0, 0-12-0, and 0-0-9, up to 4%, which favors the application of the doses. The 9-0-0 dose participates in the 13% increase with respect to the other doses. With all the doses, the fruit weight was increased compared to the absolute control, up to 6% for the 0-12-0, 0-0-9, and 9-12-9 doses and 5% for the dose 9-0-0.




3.3. Crop Parameters for Interactions


Fertilizer dose × graft interaction had an increase in all doses where a grafting plant was used with respect to plant height, number of leaves, number of fruits, and fruit weight, highlighting an improvement for the dose where potassium fertilization was not used. The fruits’ polar and equatorial diameters were positively influenced by the treatments with a supplementary application of calcium, and all the doses where at least one fertilizer applied is used in grafted plants increase the weight of the fruit by up to 17%, as can be seen in Table 1.




3.4. Mineral Profile of the Fruit of Grafted Plants


The implementation of grafted plants highly significantly increased the mineral contents of fresh fruits in Ca with an increase of 10%, P 1%, Mn 6%, Zn 7%, Cu 6%, Fe 64%, K 21%, and Mg 19% (Table 2).




3.5. Results of the Mineral Profile of the Fruit for the Different Doses


Table 2 shows that the dose of 9-12-9 milliequivalents statistically increased the percentage of minerals, such as Ca 6%, P 4%, Mn 12%, Zn 14%, Cu 8%, Fe 74%, and Mg 25%.



The interaction with grafted plants and Mg positively influenced the mineral content of the tomato fruits, although if other elements are added to this dose, as in the dose of 9-12-9 milliequivalents of Ca, K, and Mg, it gives as a result an increase in the mineral composition of the fruits of the grafted plants.





4. Discussion


Grafting is a widely used technology in modern agriculture, and it plays an important role in the propagation of vegetative growth, renewing varieties, improving the absorption of nutrients, regulating the accumulation of ions, and improving the resistance of plants [16]. Regarding the factors evaluated, the results obtained in this study (Table 1) showed an increase in each of the variables that differentiate the two factors of grafted tomato plants versus non-grafted tomato plants, as well as in plant height, number of leaves, number of fruits, fruits’ weight, and equatorial and polar diameters of the fruit, because a grafted plant is more efficient in the absorption and transport of water and ions from the root to the other organs, increasing the accumulation of biomass [16]. Treviño López [17] found that the effect of grafting has a positive effect on production variables, such as an increase in fruit diameter and weight compared to plants without grafting. Similar results to those of a research work where they reported an increase in fruit length, number of fruits, and yield per plant, the highest values were obtained in fruits of grafted plants [4]. The vegetative growth of grafted plants is largely manifested by the number of leaves. In a study carried out with cucumbers, differences between treatments were observed in favor of the grafted, and the trend was that its value increased by 27% with the graft [18]. The results regarding the number of leaves concur with those obtained by García-Ávila, where it was reported a greater specific leaf area (SLA) in grafted pumpkin plants than in non-grafted ones [10]. Plant height is an important variable, although this effect varies according to the cultivar studied [16]. The plant height variable in this research increased up to 14% compared to non-grafted plants; therefore, statistically significant differences were observed. A recent work evaluated plant height in grafted plants, and an increase was observed compared to non-grafted plants, where this variable is reflected as a plant with greater vigor that may be feasible for the translocation of elements through the plant’s pathways [5]. The size of the fruits of the grafted plants increased, and this can occur depending on the rootstock used [19]. Similar results were presented by Grimaldo Juárez [20], where the average fruit size was greater in grafted plants, compared to the normal condition, with an increase of 17.7%, respectively. A study carried out on bell pepper shows that the Terrano rootstock increased yield by 50% [7]. The accumulation of K in grafted plants is attributed to physical characteristics of the root system, such as abundant lateral and vertical root development, exploration area, and, consequently, greater absorption of water and minerals [21]. A study carried out showed that there is an increase in the mineral content of grafted plants because of a higher concentration of the elements and accumulation of biomass [8]. Regarding the fruit weight variable, it is necessary to highlight that all the applications of the treatments where at least one dose of fertilizers was supplied increased fruits’ weight compared to the control. As shown in Table 2, regarding the treatments, the best ones were where the interaction of each of the doses with the grafted plants was obtained, similar to that reported by Pérez-Grajales [22] where different treatments were tested, and all the treatments where the graft with the tomato variety CID was used improved the agronomic variables, increased yield, total biomass accumulation, and mineral composition. The two factors used show that the grafts have statistically significant differences in the mineral composition of tomato fruits due to the nutrient assimilation capacity provided by this technique [6]. When there is an adequate supply of potassium, the fruit tends to store more of one mineral than another due to the competition that exists between minerals. In conditions of potassium excess in the soil, the plant increases its consumption, making it able to also modify the absorption and availability of other minerals, such as calcium and magnesium, which can favor the fruits [14]. For the potassium content in the fruits, there were no statistically significant differences. The grafts increased the values of the agronomic variables, with higher values in variables such as leaf area. It may be said that the leaf area and height of the plant, which resulted in an increase of 0.96% in this variable, is reflected in a yield of 38% compared to the control [17]. A study shows that tomato fruits from grafted plants with Multifort/CID modified the mineral composition and improved yield [8]. Although the best dose was the supplementary addition of 9-12-9, with an increase in Ca, P, Mn, Zn, Cu, Fe, K, and Mg due to the interaction Ca-K-Mg (adsorption–desorption), these nutrients are considered poorly mobile. K is required in large quantities by crops (similar to N), while Ca and Mg are required in smaller quantities (similar to P and S) [10], which were made available for the fruits in this research. Therefore, the best interaction regarding the agronomic variables was obtained using the 9-0-0 dose where only Ca was applied in the grafted plants, similar to that reported by Rodríguez-Mendoza [23], who obtained favorable results in calcium applications in agronomic variables.




5. Conclusions


The grafting factor directly affects the agronomic variables of the tomato plant, where it mainly increases the diameter and weight of the fruit, which increases the total yield. Fruit quality variables and fruit mineral profile were also positively affected by the grafting factor. Ca-K-Mg applications affect production variables by increasing the number of leaves, number of fruits, polar diameter of the fruits, and weight. In fruit quality, grafting with the recommended dose (9-12-9) increases fruit firmness and fruit TSS; it also participates in the two doses where calcium is used: 9-12-9 and 9-0-0. In the mineral profile of the fruits, the grafted plants participate directly in the increase and stability of the fruits. Production increased with the interaction of factors in fruit weight, number of fruits, and polar and equatorial diameters. Due to the results obtained in this work, we recommend the use of grafts and the foliar application of Ca-K-Mg, which could be used in tomato production to increase productivity and the mineral profile of the fruit.







Author Contributions


Conceptualization, M.C.D.l.F. and R.M.P.M.; methodology, R.D.M.; software, A.J.M.; validation, A.J.M. and R.M.P.M.; formal analysis, M.C.D.l.F.; investigation, A.B.M.; resources, R.D.M.; data curation, M.C.D.l.F.; writing—original draft preparation, R.M.P.M.; writing—review and editing, M.C.D.l.F.; visualization, A.B.M.; supervision, M.C.D.l.F.; project administration, M.C.D.l.F.; funding acquisition, M.C.D.l.F. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by University Autonomus Agrarian Antonio Narro, grant number 3146.




Institutional Review Board Statement


Not applicable.




Data Availability Statement


The data presented in this study are available in article.




Acknowledgments


To the supporting research staff at Universidad Autónoma Agraria Antonio Narro and the post-doctorate scholarship by Mexico from CONAHCyT.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Méndez-Carmona, J.Y.; Ramírez-Guzmán, N.; Sandoval-Cortes, J.; Ascacio-Valdés, J.A.; Boone-Villa, V.D.; Govea-Salas, M.; Aguilar, C.N. Valorization of Tomato Fruit Processing Residues. In Agricultural Waste: Environmental Impact, Useful Metabolites and Energy Production; Ramawat, K., Mérillon, J.M., Arora, J., Eds.; Sustainable Development and Biodiversity; Springer: Singapore, 2023; Volume 31, pp. 215–243. [Google Scholar] [CrossRef]

	



González-García, Y.; López-Vargas, E.R.; Pérez-Álvarez, M.; Cadenas-Pliego, G.; Benavides-Mendoza, A.; Valdés-Reyna, J.; Pérez-Labrada, F.; Juárez-Maldonado, A. Seed priming with carbon nanomaterials improves the bioactive compounds of tomato plants under saline stress. Plants 2022, 11, 1984. [Google Scholar] [CrossRef] [PubMed]

	



Flores, I.R.; Vásquez-Murrieta, M.S.; Franco-Hernández, M.O.; Márquez-Herrera, C.E.; Ponce-Mendoza, A.; del Socorro López-Cortéz, M. Bioactive compounds in tomato (Solanum lycopersicum) variety saladette and their relationship with soil mineral content. Food Chem. 2021, 344, 128608. [Google Scholar] [CrossRef] [PubMed]

	



Colla, G.; Roupahel, Y.; Cardarelli, M.; Rea, E. Effect of salinity on yield, fruit quality, leaf gas exchange, and mineral composition of grafted watermelon plants. HortScience 2006, 41, 622–627. [Google Scholar] [CrossRef]

	



Hernández-González, Z.; Sahagún-Castellanos, J.; Espinosa-Robles, P.; Colinas-León, M.T.; Rodríguez-Pérez, J.E. Efecto del patrón en el rendimiento y tamaño de fruto en pepino injertado. Rev. Fitotec. Mex. 2014, 37, 41. [Google Scholar] [CrossRef]

	



Schwarz, D.; Rouphael, Y.; Colla, G.; Venema, J.H. Grafting as a tool to improve tolerance of vegetables to abiotic stresses: Thermal stress, water stress and organic pollutants. Sci. Hortic. 2010, 127, 162–171. [Google Scholar] [CrossRef]

	



Peralta-Manjarrez, R.M.; Benavides-mendoza, A.; Ramírez-Godina, F. Micromorphology of cucumber obtained by grafting and developed into two fertilization systems. Rev. Mex. Cienc. Agrícolas 2016, 15, 118–123. [Google Scholar]

	



Velasco-Alvarado, M.D.J.; Castro-Brindis, R.; Castillo-González, A.M.; Avitia-García, E.; Sahagún-Castellanos, J.; Lobato-Ortiz, R. Composición mineral, biomasa y rendimiento en tomate (Solanum lycopersicum L.) injertado. Interciencia 2016, 41, 703–708. [Google Scholar]

	



Vasileva, V.H.; Dinev, N.S. Mineral content and quality parameters of tomato fruits as affected by different potassium ferti-lization treatments and cultivar specifics. Indian J. Agric. Res. 2020, 55, 169–174. [Google Scholar] [CrossRef]

	



Ding, X.; He, L.; Li, R.; Qian, T.; Zhang, H.; Jin, H.; Cui, J.; Wang, H.; Zhou, Q.; Zou, J.; et al. Zero discharge of nutrient solution to the environment in a soilless greenhouse cucumber production systems. Plants 2022, 11, 2252. [Google Scholar] [CrossRef]

	



Mazumder, M.N.N.; Misran, A.; Ding, P.; Wahab, P.E.M.; Mohamad, A. Preharvest foliar spray of calcium chloride on growth, yield, quality, and shelf life extension of different lowland tomato varieties in Malaysia. Horticulturae 2021, 7, 466. [Google Scholar] [CrossRef]

	



He, H.; Jin, X.; Ma, H.; Deng, Y.; Huang, J.; Yin, L. Changes of plant biomass partitioning, tissue nutrients and carbohydrates status in magnesium-deficient banana seedlings and remedy potential by foliar application of magnesium. Sci. Hortic. 2020, 268, 109377. [Google Scholar] [CrossRef]

	



Ahmed, M.Z.; Hussain, T.; Gulzar, S.; Adnan, M.Y.; Khan, M.A. Calcium improves the leaf physiology of salt treated Limonium stocksii: A floriculture crop. Sci. Hortic. 2021, 285, 110190. [Google Scholar] [CrossRef]

	



Larbi, A.; Kchaou, H.; Gaaliche, B.; Gargouri, K.; Boulal, H.; Morales, F. Supplementary potassium and calcium improves salt tolerance in olive plants. Sci. Hortic. 2020, 260, 108912. [Google Scholar] [CrossRef]

	



Chen, Z.C.; Peng, W.T.; Li, J.; Liao, H. Functional dissection and transport mechanism of magnesium in plants. Semin. Cell Dev. Biol. 2018, 74, 142–152. [Google Scholar] [CrossRef] [PubMed]

	



Nawaz, M.A.; Imtiaz, M.; Kong, Q.; Cheng, F.; Ahmed, W.; Huang, Y.; Bie, Z. Grafting: A Technique to Modify Ion Accumulation in Horticultural Crops. Front. Plant Sci. 2016, 7, 1457. [Google Scholar] [CrossRef] [PubMed]

	



Treviño López, E.A.; Sandoval-Rangel, A.; Benavides Mendoza, A.; Benavides Mendoza, A.; Ortega Ortiz, H.; Cadenas Pliego, G.; Cabrera de la Fuente, M. Nanopartículas de selenio absorbidas en hidrogeles de quitosán-polivinil alcohol en la producción de pepino injertado. Rev. Mex. Cienc. Agrícolas 2021, 26, 159–169. [Google Scholar] [CrossRef]

	



García-Ávila CD, J.; Castillo-González, A.M.; Avitia-García, E.; Colinas-León MT, B.; Trejo-Téllez, L.I.; Vargas-Madriz, H. Magnesio y su relación con la calidad de Lilium cv. Casablanca. Rev. Mex. Cienc. Agrícolas 2017, 6, 265–276. [Google Scholar] [CrossRef]

	



Sánchez, E.; Torres, A.; Flores, M.; Córdova, F.; Preciado, P.; Quiroz, C. Use of rootstocks on the yield, fruit quality and resistance to Phytophthora capsici Leonian in bell peppers. Nova Sci. 2015, 7, 227–244. [Google Scholar]

	



Grimaldo Juárez, O.; Suárez Hernández, Á.M.; Vargas-Hernández, E.A.; Carrazco Peña, L.D.; Morales Zamorano, L.A. Concentración de nutrientes en hoja y calidad de pepino en plantas injertadas bajo condiciones salinas. Idesia 2020, 38, 41–48. [Google Scholar] [CrossRef]

	



An, S.; Bae, J.H.; Kim, H.C.; Kwack, Y. Production of grafted vegetable seedlings in the republic of korea: Achievements, challenges and perspectives. Hortic. Sci. Technol. 2021, 39, 547–559. [Google Scholar] [CrossRef]

	



Pérez-Grajales, M.; Pérez-Reyes, T.Q.; Cruz-Álvarez, Ó.; Castro-Brindis, R.; Martínez-Damián, M.T. Compatibilidad del portainjerto CM-334 y su respuesta sobre el rendimiento, calidad fisicoquímica y contenido de capsaicinoides en frutos de Capsicum pubescens. Inf. Técnica Económica Agrar. Rev. 2021, 117, 332–346. [Google Scholar] [CrossRef]

	



Rodríguez-Mendoza, M.N.; Baca-Castillo, G.; García-Cué, J.L.; Urrieta-Velázquez, J.A. Aclareo de frutos y aspersiones foliares de calcio y miel de abeja sobre la calidad de tomate tipo costilla. Rev. Fitotec. Meicana 2015, 38, 197. [Google Scholar] [CrossRef]








[image: Agriculture 13 02189 g001] 





Figure 1. Plants established in greenhouse conditions. 
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Table 1. Effect of the application of calcium, potassium, and magnesium under agronomic parameters and commercial quality in tomato fruits.
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Treatment

	
PH

	
NL

	
NF

	
PD

	
ED

	
FW






	
Factor 1: Graft

	
Grafted

	
179.68 a

	
25.04 a

	
32.72 a

	
87.61 a

	
55.51 a

	
158.1 a




	
Ungrafted

	
157.60 b

	
22.60 b

	
29.76 b

	
81.61 b

	
48.93 b

	
134.22 b




	
Factor 2: Fertilizer dose

Ca-K-Mg

	
0-0-0

	
167.50 a

	
23.80 a

	
31.50 a

	
84.56 a

	
51.79 b

	
139.54 b




	
9-0-0

	
158.50 a

	
23.90 a

	
31.90 a

	
85.15 a

	
53.37 a

	
146.95 a




	
0-12-0

	
160.60 a

	
23.70 a

	
32.00 a

	
84.15 a

	
52.08 b

	
148.51 a




	
0-0-9

	
169.70 a

	
23.90 a

	
31.40 a

	
84.29 a

	
51.98 b

	
148.30 a




	
9-12-9

	
168.9 a

	
23.80 a

	
31.90 a

	
84.66 a

	
51.88 b

	
147.28 a




	
Interaction

	

	

	

	

	

	




	
Grafted

	
0-0-0

	
178.00 a

	
22.60 b

	
33.60 a

	
87.00 b

	
54.72 b

	
152.94 b




	
Grafted

	
9-0-0

	
179.80 a

	
25.00 a

	
33.80 a

	
89.08 a

	
57.98 a

	
160.10 a




	
Grafted

	
0-12-0

	
179.80 a

	
24.80 a

	
33.60 a

	
86.44 b

	
55.28 b

	
159.60 a




	
Grafted

	
0-0-9

	
180.00 a

	
25.40 a

	
33.40 a

	
87.16 b

	
55.20 b

	
159.58 a




	
Grafted

	
9-12-9

	
180.80 a

	
25.00 a

	
34.20 a

	
87.88 a

	
54.38 b

	
158.48 a




	
Ungrafted

	
0-0-0

	
157.00 b

	
22.60 b

	
29.40 b

	
82.12 c

	
48.86 c

	
126.74 e




	
Ungrafted

	
9-0-0

	
157.20 b

	
22.80 b

	
30.00 b

	
81.22 c

	
48.76 c

	
133.80 d




	
Ungrafted

	
0-12-0

	
157.40 b

	
22.60 b

	
30.40 b

	
81.86 c

	
48.88 c

	
137.54 c




	
Ungrafted

	
0-0-9

	
159.40 b

	
22.40 b

	
29.40 b

	
81.42 c

	
48.78 c

	
136.92 c




	
Ungrafted

	
9-12-9

	
157.00 b

	
22.60 b

	
29.60 b

	
81.44 c

	
49.38 c

	
136.08 c




	

	
CV (%)

	
1.88

	
4.18

	
5.32

	
1.76

	
2.6

	
1.5








PH (cm) = plant height, NL = number of leaves, NF: number of fruits, PD (mm): polar diameter of fruit, ED (mm): equatorial diameter of fruits, FW (g) = weight of fruits/plant. Means with the same letter are not significantly different (p ≤ 0.05), (p > 0.05, Fisher’s protected LSD test), CV (%) = coefficient of variation.













 





Table 2. Effect the application of calcium, potassium, and magnesium under mineral profile in tomato fruits.






Table 2. Effect the application of calcium, potassium, and magnesium under mineral profile in tomato fruits.





	

	
Treatment

	
N

	
P

	
K

	
Ca

	
Mg

	
Fe

	
Cu

	
Zn

	
Mn




	
%

	
mg/kg






	
Factor 1: Graft

	
Grafted

	
2.43 a

	
352.00 a

	
3359.00 a

	
166.07 a

	
123.60 a

	
49.15 a

	
1.97 a

	
6.92 a

	
4.50 a




	
Ungrafted

	
2.32 b

	
348.00 b

	
2937.00 b

	
151.20 b

	
104.30 b

	
29.85 b

	
1.85 b

	
6.45 b

	
4.24 b




	
Significance

	
0.0187

	
0.0001

	
0.00001

	
0.0001

	
0.0001

	
0.0001

	
0.0001

	
0.0001

	
0.0001




	
Factor 2: Fertilizer dose Ca-K-Mg

	
0-0-0

	
2.23 c

	
345.00 c

	
3092.00 a

	
155.37 b

	
102.80 b

	
34.10 c

	
1.84 c

	
6.41 b

	
4.20 c




	
9-0-0

	
2.34 b

	
345.00 c

	
3216.00 a

	
155.55 b

	
105.10 b

	
34.30 c

	
1.90 b

	
6.64 b

	
4.38 b




	
0-12-0

	
2.48 a

	
345.00 c

	
3113.00 a

	
153.00 b

	
103.80 b

	
34.17 c

	
1.86 b

	
6.52 b

	
4.29 b




	
0-0-9

	
2.30 c

	
352.00 b

	
3120.00 a

	
164.17 a

	
129.10 a

	
35.19 b

	
1.93 a

	
6.42 b

	
4.27 b




	
9-12-9

	
2.52 a

	
359.00 a

	
3198.00 a

	
164.29 a

	
129.00 a

	
59.74 a

	
1.99 a

	
7.46 a

	
4.73 a




	
Significance

	
0.0019

	
0.0001

	
0.3615

	
0.0001

	
0.0001

	
0.0001

	
0.041

	
0.0001

	
0.0001




	
Interaction

	

	

	

	

	

	

	

	

	




	
Grafted

	
0-0-0

	
2.19 c

	
348.00 b

	
3306.00 a

	
158.61 b

	
103.60 b

	
35.45 c

	
1.86 c

	
6.56 b

	
4.21 c




	
Grafted

	
9-0-0

	
2.44 b

	
347.00 b

	
3446.00 a

	
159.26 b

	
104.50 b

	
35.64 c

	
1.93 b

	
6.76 b

	
4.41 b




	
Grafted

	
0-12-0

	
2.55 a

	
348.00 b

	
3330.00 a

	
156.26 b

	
103.60 b

	
36.46 c

	
1.89 c

	
6.44 b

	
4.25 b




	
Grafted

	
0-0-9

	
2.44 b

	
358.00 a

	
3311.0