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Abstract

:

Bacterial speck disease in tomato crops is caused by Pseudomonas syringae pv. tomato. Chemical control is mainly used for the control of phytopathogens, which carries a risk for both human health and the environment, making it necessary to search for environmentally friendly alternatives, such as the use of electrolyzed water. In the present study, preventive treatments were applied to tomato plants of the saladette variety. The treatments employed were electrolyzed oxidizing water (EOW), electrolyzed reduced water (ERW), a commercial bactericide (Kasumin), and untreated plants as the base control. During the vegetative stage, the disease severity, stem diameter, number of leaves, and number of clusters were determined. In addition, the soluble solids (°Brix), titratable acidity (TA), pH, color, polar and equatorial diameter, weight, and weight loss of the harvested fruit were determined. According to the results, the lowest severity was obtained in the plants treated with oxidizing water, achieving results similar to those achieved with the commercial bactericide Kasumin. It can be concluded that oxidizing water can be applied to tomato crops since its effect is similar to that of Kasumin, but without affecting the growth and development of the crop. Moreover, it is environmentally friendly.
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1. Introduction


In Mexico, the tomato is a crop of great economic importance because the production of this vegetable is primarily for export [1]. According to the Observatory of Economic Complexity, in 2021, Mexico accounted for 24.9% of the world’s exports of this vegetable, with the United States being its main importer [2]. A large number of microorganisms, which include potential pathogens, constantly surround crops. The tomato crop is susceptible to various diseases, such as bacterial speck caused by Pseudomonas syringae pv. tomato [3]. Pseudomonas is a Gram-negative aerobic bacterium [4] and a hemibiotrophic phytopathogen that infects tomato crops and Arabidopsis thaliana, mainly in the aerial parts, such as the leaves and fruits [3]. It contains multiple protein secretion systems (i.e., types I, II, III, IV, V, and VI), with the most important one being the type III secretion system (T3SS) pathway [5], which suppresses the defense responses by salicylic acid of host plants [6]. It can be transmitted via seeds and infected seedlings, as well as through cultural work in the field [7]. Once it enters the plant, it multiplies endophytically and asymptomatically [4]. In the final phase of the infection, symptoms are characterized by necrosis surrounded by chlorosis appearing on the leaves [3]. On the fruit, it appears as small spots or visible lesions 3 mm in diameter [7]. This disease affects the stems, leaves, and fruits of the plants, reducing their quality [8]. In infected seedlings, up to a 75% reduction in yield has been reported [9]. Controlling this phytopathogen primarily involves adequate cultural practices, using healthy seeds, crop rotation, and balanced fertilization and designing irrigation systems [10]. Although genotypes resistant to Pseudomonas syringae pv. tomato are available on the market, this phytopathogen can still overcome the plant’s resistance [11]. Therefore, the use of pesticides, such as aluminum sulfate and copper compounds, is the primary method that has been used to control these phytopathogenic agents [12], mainly comprising formulations of cupric salts both in conventional and organic agriculture [11,13]. However, there is great concern over the adverse effects they may have on both the environment and human health [14]. Due to this, new alternatives that contribute to reducing diseases in crop areas without affecting the growth and development of plantations must be generated. In this regard, electrolyzed water has been widely used in various research studies, and it has been shown to have a positive effect on reducing microorganisms such as fungi and bacteria [15,16,17,18,19,20,21]. It has been applied in different fields such as medicine, the livestock sector, hospitals, agriculture, and the food industry [22,23]. Electrolyzed water is synthesized in an electrolysis cell divided by a diaphragmatic membrane, to which a saline solution is added, and a voltage is induced [18,19]. At the end of the electrolysis process, two types of water are obtained: In the anode terminal, electrolyzed oxidizing water is produced with a pH of 2–3, a redox potential (Eredox) >1100 mV, and a free chlorine concentration of 10–90 ppm [19,24], and in the cathode terminal, electrolyzed reduced water is generated [20,21]. Reduced electrolyzed water has a pH of 10–11.5 and an Eredox from −800 to −900 mV [23,24,25,26].



Oxidizing electrolyzed water has been shown to have a bactericidal effect on many pathogenic bacteria under in vitro conditions [27,28], as well as an effect on fungi [17,18]. Its strong antimicrobial activity is due to its high Eredox, its low pH, and the chlorine species (HClO, Cl2, and ClO−) present in water. In addition, it has been reported that reducing electrolyzed water has a bactericidal effect due to its high Eredox, which allows it to reduce free bacterial radicals [29,30], cause changes in metabolic flow and the production of adenosine triphosphate (ATP), and damage bacterial membranes [30].



This research aimed to apply electrolyzed water to tomato crops and evaluate its effect on controlling Pseudomonas syringae pv. tomato while also evaluating the quality of the harvested fruits.




2. Materials and Methods


2.1. Electrolyzed Water Treatments for Tomato Plants


In a previous experiment carried out under in vitro conditions, where oxidizing (EOW) and reducing (ERW) electrolyzed water treatments were applied to cells in suspensions of Pseudomonas syringae pv. tomato DC3000 (Pst DC3000), 100% inhibition of the bacterial populations was achieved when applying EOW in a treatment time of one minute. A reduction of 4.45 × 107 CFU/mL was achieved when applying ERW [31]. Due to the positive effect on the growth inhibition of the Pst DC3000 phytopathogen, it was decided to apply the treatments under in vivo conditions. The CFU/mL values were calculated as follows: CFU/mL = (number of colonies × total dilution factor)/volume of culture plated in mL.



The in vivo experiment was carried out in a greenhouse of the Department of Agroindustrial Engineering of the University of Guanajuato in Mexico (20°12′45.5″ N, 100°52′31.1″ W) from August 2021 to February 2022. The seedling used during these experiments was the saladette variety of the Galilea genotype, which was transplanted into soil under greenhouse conditions. Two weeks after transplantation, treatments were applied in a foliar manner, as proposed by Abbasi and Lazarovits [32], for which, with the help of a manual sprayer, 48 h before inoculation, the plants were saturated with freshly prepared electrolyzed water. The following treatments were applied: electrolyzed reduced water (ERW) and electrolyzed oxidizing water (EOW), which were synthesized using a Leveluck SD 501 machine (acquired from Agua Kangen E, Monterrey N.L., Mexico); the commercial bactericide Kasumin, the active substance of which is kasugamycin (Arysta lifeScience); and untreated plants, which were used as the control. Each treatment was replicated three times, and each experimental unit was composed of six plants. These treatments were foliarly applied once a week, during both the vegetative and reproductive stages of the plants. Forty-eight hours after the application of the treatments, the plants were inoculated with a bacterial suspension of Pst DC3000 at a concentration of 108 CFU/mL. The bacterial suspension was obtained according to the protocol described by Ovissipour et al. [33] under certain modifications. In brief, 50 mL of King broth (KB) culture medium was inoculated with the Pst DC3000 strain and incubated at 28 °C for 24 h to obtain a pre-inoculum. From the pre-inoculum, 50 mL of KB medium was inoculated at OD600 = 0.05 and incubated at 28 °C for 24 h at 180 rpm. At the end of the incubation time, 10 mL of the culture medium was taken and centrifuged at 22 °C at 7000 rpm for 15 min. The supernatant was decanted, and the cell pellet was resuspended in 10 mL of sterile deionized water and centrifuged at 22 °C at 7000 rpm for 15 min. The supernatant was discarded, and the cell pellet was resuspended in 10 mL of sterile deionized water. From this bacterial suspension, dilutions were produced until a concentration of 108 CFU/mL was obtained. During the vegetative stage, the severity of the disease was determined in the plants, as well as the following variables: number of leaves (NL), stem diameter (SD), and number of clusters (NC).



In order to determine the severity of the disease, a diagrammatic scale consisting of the following values was used: 1: plant with no disease symptoms; 2: plant with 15% of leaves with symptoms; 3: plant with 15–35% of leaves with symptoms; 4: plant with 35–70% of leaves with symptoms; 5: plant with 70–100% of leaves with symptoms; and 6: death of the plant [34].




2.2. Quality Tests on the Fruit


Healthy and disease-free fruits were harvested to evaluate fruit quality. The harvested fruits were immediately transported to the laboratory and then hydrocooled. A total of 30 fruits per treatment were randomly selected (10 fruits per repetition), and the following variables were evaluated: polar diameter, equatorial diameter, weight, weight loss, °Brix (using a SPECTRONIC 334610 digital refractometer; ANTOELI Bajio, El Carmen, Queretaro, Mexico), titratable acidity (obtained according to AOAC (2000)), pH (using a HANNA HI98127 potentiometer, Industrial KEM, Leon Guanajuato, Mexico), and color (using a Minolta CR-400 colorimeter; Industrial KEM, Leon Guanajuato, Mexico). The color index was determined using Equation (1).


  C I =   2000   a   ∗       L   ∗      a   ∗ 2   +   b   ∗ 2       



(1)




where:



CI: color index;



L*: luminosity;



a*: red/green coordinate (+a indicates red, −a indicates green);



b*: yellow/blue coordinate (+b indicates yellow, −b indicates blue).




2.3. Statistical Analysis


The data corresponding to weight, polar diameter, and equatorial diameter were analyzed using an ANOVA (α = 0.05), and Tukey’s test was employed to compare means. For the analysis of severity, °Brix, pH, titratable acidity, firmness, color, and weight loss, a non-parametric Kruskal–Wallis test was used, followed by a Dunn’s test, utilizing GraphPad Prism 7 software.





3. Results


Table 1 shows the values of stem diameter (SD), number of leaves (NL), and number of clusters (NC) of plants treated with ERW, EOW, and Kasumin. The table shows that the biggest stem thickness was found in plants treated with ERW (p > 0.05) and that there were no significant statistical differences between the EOW and Kasumin treatments, as well as untreated plants (p < 0.05). As for NL and NC, no significant statistical differences were found between treatments (p < 0.05). This suggests that the application of treatments in tomato plants does not affect their growth and that the application of reducing electrolyzed water could contribute to biomass production because a larger stem diameter was obtained compared to the other treatments. However, more experiments are required to evaluate the effect of EWR on the increase in biomass in plants.



Figure 1 shows the severity of the disease caused by Pst DC3000 on tomato plants, where it can be observed that the lowest severity was observed in plants treated with either EOW or Kasumin, with no statistically significant differences observed between these treatments (p < 0.05). However, the highest severity of the disease was observed in those plants that did not receive any treatment, followed by those that were treated with ERW. Therefore, the results show that the best treatments to reduce the severity of the disease were EOW and Kasumin.



In the present study, the highest severity was observed in the control plants and those treated with ERW (35–70% of the infected leaves). The lowest severity was observed in plants treated with EOW and Kasumin (15–30% of the infected leaves). These results show that EOW has a similar effect to the commercial Kasumin bactericide, which suggests it could be used during the production of tomato crops and that ERW has a lesser antibacterial effect (Figure 2). This reduction in the plants’ disease severity could be due to the fact that electrolyzed oxidizing water activates the plant defense system through the priming phenomenon. This activation leads to a favorable reduction in the severity of the disease caused by Pst DC3000.



Fruit Quality


Table 2 shows the weight of the harvested fruits, as well as their polar diameter (PD) and equatorial diameter (ED). This table shows that the highest weight was obtained in fruits harvested from plants treated with ERW (p > 0.0001) in comparison to the other treatments. The fruits had 14.35% and 13.15% more weight in comparison to the EOW and Kasumin treatments, respectively. With respect to the polar diameter, no statistically significant differences were observed between the ERW, EOW, and control treatments (p < 0.0001); however, the fruits with lower PDs were those from plants treated with Kasumin. Finally, the largest equatorial diameter was observed in the fruits of plants treated with ERW (p > 0.0001), and no statistically significant differences were found with respect to the equatorial diameter in fruits of plants treated with EOW, Kasumin, and the control (p < 0.0001). According to the obtained results, it can be concluded that infection with Pst DC3000 did not affect the weight of tomato fruits. According to the technical data sheet of the seed (Hazera Seeds), the average weight of the fruits is in the range of 150–220 g, and the obtained fruits are within this range. It was also observed that treatment with ERW had a positive effect, with these fruits exhibiting greater weight and equatorial diameter (p > 0.0001). For polar diameter, the lowest value was obtained in the fruits of plants treated with Kasumin (p > 0.0001).



Although no differences were observed between the aforementioned variables, differences were observed in the yield per plant, as mentioned above. The highest yield was obtained in those plants treated with EOW (7.72 ± 2.27 kg) compared to the control (5.59 ± 1.89).



Table 3 shows the values of °Brix, titratable acidity (presented as a percentage of citric acid), pH, and firmness, in which it is shown that the highest brix degrees were found in the fruit of plants treated with EOW (3.58 ± 0.49) when compared to those treated with ERW or Kasumin and the control (p > 0.0001).



For titratable acidity values, no statistically significant differences were found among the fruits evaluated (p < 0.0001).



As for the pH, the highest value (4.60 ± 0.31) was observed in the control group, which was statistically different from the EOW (4.44 ± 0.26) and Kasumin (4.51 ± 0.07) treatments (p > 0.0001). The fruits of plants treated with ERW and Kasumin showed a slight increase in pH values compared to those treated with EOW; however, no statistically significant differences were found between these treatments (p < 0.0001).



Finally, the firmness value did not show statistically significant differences among the fruits evaluated (p < 0.0001).



In the present study, weight loss was evaluated over a 7-day storage period, with fruit stored at ambient temperature (20 °C) and a relative humidity (%RH) of 40–45%. Figure 3 shows that from days 1 to 6, no statistically significant differences were observed among fruits (p < 0.0001). However, on day 7, it was observed that fruits with greater physiological weight loss were those from plants treated with Kasumin and EOW (p > 0.0001).



Table 4 shows the color coordinates (L*, a*, and b*), the ratio (a*/b*), and the color index (CI) of the fruits. The results show no statistically significant differences in fruit brightness, regardless of the treatment applied to the plants in the field (p < 0.0001). However, the lowest values in the a* and b* coordinates were present in the fruits harvested from plants treated with Kasumin (p > 0.0001).



The maturity of the tomato fruits can be reflected in the values of the a* coordinate, as it has been reported that the coordinates for the green color are L* = +50, a* = −60, b* = 0 and those for the red color are L* = +50, a* = +60, b* = 0, according to Thole et al. [36].



As for the CI values and the a*/b* ratio, no statistically significant differences were observed between treatments (p < 0.0001), and positive values were observed for all fruits, indicating that they are mature fruits. These values indicate that the fruits present a red coloration known as ripening stage 5 (light red) according to the USDA maturity scale (Figure 4), which is due to the degradation of chlorophyll and the synthesis of lycopene [37]. From the obtained results, it can be concluded that the treatments did not affect the quality of tomato fruits. All fruits were visibly marketable, as shown in Figure 4. Regarding the control fruits, despite the fact that the plant showed high disease severity, the fruits did not present symptoms of the disease on their surfaces. While the results showed that the yields per plant were higher in those treated with Kasumin and EOW (6.37 ± 1.9 kg/plant and 6.32 ± 1.04 kg/plant, respectively), the yields of those treated with ERW and the control were 4.81 ± 1.89 kg/plant and 4.65 ± 2.62 kg/plant, respectively.





4. Discussion


According to Kim and Hung [38], electrolyzed water exerts antimicrobial activity, which is related to pH parameters, free chlorine concentration, and Eredox. The strong antimicrobial activity of electrolyzed oxidizing water is due to its high Eredox, low pH, and the chlorine species present (HClO, Cl2, and ClO−). McCarthy et al. [27] and Al-Qadiri et al. [28] mentioned that electrolyzed water with a pH below 3 has been shown to have a bactericidal effect on many pathogenic bacteria under in vitro conditions. However, it is known that electrolyzed reducing water has a pH greater than 11 [39]. It has been reported that it has a bactericidal effect due to its high Eredox, which allows it to reduce free bacterial radicals, thus causing changes in metabolic flow and the production of adenosine triphosphate (ATP). In 2020, Ramírez and Cano [30] reported that electrolyzed reducing water interrupts protein synthesis while damaging bacterial membranes. The application of electrolyzed water in crops has gained great interest due to the need to reduce the use of pesticides in agriculture. In 2003, Buck et al. reported a phytotoxic effect associated with the frequent application of electrolyzed oxidizing water (pH = 2.8–2.9; Eredox= 1071–1079 mV; FCC = 54–56 mg/L and 71 mg/L) on the foliage and flowers of twelve species of ornamental plants [40]. Guentzel et al. comment that the application of electrolyzed water containing chlorine concentrations of 50 and 100 ppm causes high phytotoxicity in strawberry plants, which can affect plant growth [17]. Nonetheless, in the present study, no phytotoxicity was observed in the plants after the application of the treatments, such that their development and growth remained unaffected.



Hirayama et al. [41] report a lower incidence of Colletotrichum fructicola in plants treated with electrolyzed water (8.3%) in comparison to plants treated with a fungicide (27%) and plants used as the control (85%). Muller et al. [42] determined the effect of oxidizing electrolyzed water in controlling powdery mildew caused by Botrytis cinerea in gerbera daisy, comparing it against treatments with fungicides. The work determined the effect of oxidizing electrolyzed water alone and the compatibility of oxidizing electrolyzed water with pesticides in an in vitro model. The authors observed that electrolyzed water is most effective when applied twice a week or when applied in combination with the fungicides piperalin and triadimefon. Zarattini et al. [43] reported that the application of electrochemically activated solutions can induce the defense system in tobacco plants and apple trees by inducing the expression of pathogenesis-related (PR) genes and increasing salicylic acid levels. They also observed that microorganisms present on the surface of the leaves can be eliminated with this type of treatment, without affecting the vigor of the plant or the quality of the fruit. In the present study, the highest severity was observed in the control plants and those treated with ERW (35–70% of the infected leaves). The lowest severity was observed in plants treated with EOW and Kasumin (15–30% of the infected leaves). Abbasi and Lazarovitz highlighted that foliarly spraying acid-electrolyzed water on tomato plants under greenhouse and open field conditions reduced Xanthomonas campestris populations and leaf speck severity [32]. In 2009, Fujiwara et al. observed a decrease in disease severity when applying acid-electrolyzed water to control downy mildew in hydroponic cucumber plants. The decrease in severity occurred after the first application of acid-electrolyzed water [18]. According to the abovementioned study, the electrolyzed oxidizing water could activate the plant’s defense system through the priming phenomenon, the activation of which leads to a favorable reduction in the severity of the disease caused by Pst DC3000. Finally, it is suggested that electrolyzed oxidizing water may serve as an alternative to the use of pesticides in agriculture since it has been proven to have a similar effect to the commercial bactericide Kasumin.



Tomato fruit quality is influenced by several pre- and post-harvest factors. Pre-harvest factors include crop genotype, environmental conditions during production, irrigation, and harvest management. In addition, the maturity stage of the fruits at the time of harvesting influences their quality [44]. Regarding the size of the fruits, Nassiri et al. [45] commented that tomatoes are classified as small (5.50–5.79 cm), medium (5.72–6.43 cm), large (6.35–7.06 cm), and extra large (more than 7 cm). According to this classification, the fruits obtained in this study were extra large since their size was greater than 7 cm. Although extra-large fruits were obtained in all treatments, the highest yield was obtained with the EOW treatment (7.72 ± 2.27 kg), as mentioned above. There are studies, such as that of Sugiharta et al. [46], that have reported that the application of electrolyzed water using Fe electrodes influences the weight, number of leaves, and stem thickness in spinach grown under a hydroponic system. In addition, Zhou et al. [47] mention that slightly acidic electrolyzed water (pH = 5.0) can improve plant growth and photosynthetic efficiency in lettuce. According to the aforementioned study, it is suggested that water properties, such as pH and CCL, could influence biomass production and fruit size. In the present work, the EOW had a pH of 2.4 ± 0.13 and a CCL of 18 ppm, unlike ERW, which did not contain CCL and had a pH of 10.2 ± 0.26.



Regarding °Brix, Yeshiwas and Tolessa [48] reported values of 3–4.2 in tomato fruits grown under greenhouse conditions and of 4.1–4.56 under open-field conditions. Cantwell et al. [49] reported an average °Brix value of 3.4–5.5 for different cultivars, while Okolie and Sanni [50] observed °Brix values in the range of 4.17 and 4.37 in tomatoes stored for seven days at ambient temperature and mentioned that this value may increase with the ripening and storage time of the fruit due to the hydrolysis of polysaccharides to simple sugars. In this work, the highest °Brix values were found in the fruit of plants treated with EOW (3.58 ± 0.49) when compared to ERW, Kasumin, and control treatments (p > 0.0001).



For titratable acidity, Yeshiwas and Tolessa [51] reported a value of 0.55–0.78 for freshly harvested fruit. Sinha et al. [50] reported a value of 0.41 for Roma tomatoes and 0.46 for Sofol tomatoes. Cantwell et al. [49] stated that the average value in different varieties is in the range of 0.22 to 0.40%. In the present study, values within the range of 0.30–0.35 were obtained, which is in accordance with the range reported by Cantwell et al. in 2007 [49].



With regard to pH, Yeshiwas and Tolessa [48] obtained a pH value of 3.87 in freshly harvested fruit, which increased after seven days of storage (4.08). Sinha et al. [50] reported values of 4.33 for Roma tomatoes and 4.15 for Sofol tomatoes; additionally, the authors also mention that the pH in tomato fruits can vary, depending on the genotype, between the values of 3.78 and 5.25. In 2015, Arah et al. [44] stated that the optimum pH for tomatoes is 4.25 and that the maximum value is 4.4. According to the above, the fruits of plants treated with EOW obtained an optimal pH, as reported by Arah et al. [44]; however, the highest pH was obtained in the control (plants inoculated with Pseudomonas), which suggests that the applied treatment could influence the final pH of the fruit, as plants that received any treatment exhibited a lower pH compared to the control.



In this work, the firmness value did not show statistically significant differences among the fruits evaluated (p < 0.0001). Cardona et al. [52], when evaluating foliar fertilization with calcium, found that the obtained fruits had a firmness of 3.06 and 3.19 kg/0.505 cm2. Urrieta-Velazquez et al. [53] mentioned that saladette tomatoes may exhibit a firmness of 1.187 kg/cm2, up to 1.598 kg/cm2. In 2017, Cruz-Crespo et al. [54], when evaluating the effect of substrates on tomato fruit quality, reported average values of 2.36 kg/cm2 for fruits of plants grown in tezontle plus a nutrient solution and 2.73 kg/cm2 for plants grown in tezontle with vermicompost and irrigated with a nutrient solution; the authors commented that the addition of vermicompost can increase fruit firmness and that this increase depends on the concentration applied, as well as on the variety of tomato used. Therefore, it is suggested that the organic fertilizer applied to the soil contributed to the firmness of the fruits.



Roberts et al. [55] observed a weight loss of 16% in tomato fruits stored at 22 °C and of 3.18% in those stored at 10 °C during a storage period of twelve days. In 2019, Sinha et al. [51] reported weight losses of 2.87% for Roma tomatoes and 3.36% for Sofol tomatoes. Casierra-Posada and Aguilar-Avendaño [34] mention that weight loss is due to the loss of water in the fruit, which reduces turgor and causes fruit softening. Yeshiwas and Tolessa [48] comment that weight loss is also influenced by the variety and the storage period. As the number of storage days increases, fruit weight loss also increases. In addition, Arah et al. [44] report that for long-term storage, tomatoes should be stored at a temperature between 10 °C and 15 °C and at a relative humidity of 85–95%, confirming that these conditions contribute to maintaining the quality of fruit. Okolie and Sanni [50] mention that weight loss is mainly due to the respiration and transpiration of the fruit. Hence, it is suggested that the weight loss in the present study was mainly due to fruit transpiration caused by low relative humidity in the storage environment after a seven-day storage period.



In terms of tomato fruit maturity, Camelo and Gómez [56] report L* coordinate values close to 50, for a* at 18, and for b* at 30, indicating that these values correspond to light-red maturation during the ripening process.



The present work shows that electrolyzed water could be applied as a measure to control diseases that occur during tomato cultivation. According to the obtained results, the EOW treatment contributes to reducing disease severity in the crop, does not affect the development and growth of the plants, does not exhibit a phytotoxic effect on them, and does not affect fruit quality.



This work suggests that applying electrolyzed water to tomato crops represents an alternative for disease management, resulting in crop benefits and field sustainability. However, there is a need to evaluate the effect of electrolyzed water on the plant in relation to stimulating the activation of the plant’s defense system. In future work, it would be advisable to evaluate a combination of the different treatments (ERW, EOW, and Kasumin) to verify possible synergies for better control of crop disease. This combination could contribute to greater control of the disease, as previously mentioned in a study conducted by Mueller et al. [43], in which oxidizing water was combined with fungicides. In the case of combining ERW and EOW, ERW could contribute to removing dirt from plants due to its cleaning effect. It has been reported to remove dirt and grease from surfaces [22], and it has also been reported that it can be used as a pre-wash agent for vegetables [25]. Taken together, these results suggest that ERW could be used as a pre-wash agent that promotes the interaction of EOW with microbial populations.




5. Conclusions


The application of electrolyzed oxidizing water is a viable option in tomato cultivation, as it managed to reduce disease severity in tomato plants, exhibiting an effect similar to the bactericide Kasumin. In addition, it did not affect the growth or yield of the crops, as the evaluated variables were not affected, and the fruits obtained were commercially viable and did not present disease symptoms. In addition, the application of ERW may contribute to increased biomass production in the crop. When applied to the plants, its application resulted in greater stem diameters and heavier fruits.
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Figure 1. Severity of disease caused by Pst DC3000 in plants treated with Electrolyzed Oxidizing Water (EOW), Electrolyzed Reducing Water (ERW), and Kasumin as a preventive treatment. Different letters in the bars mean statistical differences between treatments. 
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Figure 2. Severity of disease caused by Pst DC3000 in tomato plants with different preventive treatments: (a) EOW, (b) ERW, (c) Kasumin, and (d) control. The symptoms were presented as chlorosis and necrotic spots, similar to those reported by Peñaloza-Vazquez et al. [35]. 
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Figure 3. Weight loss over seven days in fruits under different treatments. The letter a in the figure means that from day 1 to 6 there were no statistical differences between treatments. On the seventh day, different letters in the bars (a and b) indicate significant differences between treatments. 
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Figure 4. Fruits harvested from tomato plants infected with Pst DC3000 and treated with EOW, ERW, and Kasumin. 
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Table 1. Agronomic parameters in tomato plants treated with electrolyzed water as a preventive treatment for bacterial speck caused by Pseudomonas syringae pv. tomato.
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	Treatment
	SD (cm)
	NL
	NC





	EOW
	1.91 ± 0.12 ab
	14.22 ± 1.08 a
	6.78 ± 0.48 a



	ERW
	2.07 ± 0.51 a
	14.78 ± 0.51 a
	6.50 ± 0.17 a



	Kasumin
	1.74 ± 0.12 b
	14.67 ± 0.88 a
	7.39 ± 0.26 a



	Control
	1.72 ± 0.10 b
	13.78 ± 0.25 a
	7.22 ±0.09 a







Values correspond to the mean of three repetitions + the standard deviation. Values with the same letters in the same column are statistically equal. SD—s