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Abstract


Brassinosteriods (BRs) have increasingly been used to improve the yields and quality of various crops. In this work we studied the effect of two brassinosteroids, BB16 and EP24, on the growth promotion of Fragaria ananassa plants under normal conditions or exposed to water or saline stress. The influence of both BRs on the plant development and fruit quality was evaluated when cultivated in semi-hydroponic conditions. A marked growth-promoting effect was observed with both compounds when plants were cultivated under normal irrigation conditions and under saline and water stresses. BB16 and EP24 yielded plants with a higher dry weight, root length and surface, a higher number and area of leaves, a higher total weight of fruits per plant, and a higher percentage of fruits of commercial quality. Additionally, a higher content of chlorophyll, number of leaves, and increased dry weight was detected in plants treated with both BRs and exposed to water and saline stresses. Finally, when evaluating the production and quality of fruits obtained under semi-hydroponic conditions, we observed that the pre-harvest treatment with both compounds induced a higher fruit production and better quality of fruits. These results suggest the potential of these compounds to achieve a more sustainable management of strawberry cultivation.
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1. Introduction


The application of plant growth stimulators for increasing the quality of crops and yields is of great importance in agriculture due to its social and economic implications. In the early 1970s, the role of growth promoters to accelerate the germination of pollen grains was investigated and characterized. Mitchell et al. [1] reported that some extracts of the pollen of Brassica napus L. caused a marked elongation effect on the bean stem. The term brassinosteroids (BRs) was assigned by Mandava in 1988 [2] and since then they have been considered as a special group of endogenous steroid plant hormones essential for plant growth. In addition to stem elongation, BRs affect root and flower development, cell division, photomorphogenesis, tissue vascular matrix, proton pumps, membrane polarization, and stress modulation [3,4].



Several BRs were evaluated under field conditions showing that they can induce a significant yield increase of various crops such as: Solanum lycopersicum [5], Solanum tuberosum [6], Opuntiaficus-indica (L.) Mill [7], and pomegranate [8]. Wu et al. [9] showed that the level of BRs is a limiting factor for plant growth rate and the increase of the level of BRs was effective in promoting plant growth and crop yield in rice.



The growth and development of plants depend on their metabolic and physiological capacity to adapt themselves to the changes of the environmental conditions they have to face to grow; among them, drought and salinity are the most frequent adverse situations that plants must overcome. It is well known that water and salt stresses cause serious damage in plants affecting osmotic processes, the absorption of nutrients, the inhibition of the photosynthetic activity [10,11], plant growth rate, and crop productivity [12]. Strawberry plants are very sensitive to water and saline stresses, due to their large leaf surface, a shallow root system, and their production of fruits with a high water content [13,14].



The protective effect of BRs in different crops against abiotic stresses began to be widely studied in recent times [15]. It was possible to demonstrate their protective effect against saline stress in Lactuca sativa [16] and Oryza sativa L. [17], as well as the induction of tolerance against water stress in Lycopersicon esculentum [18]. From this background and previous studies in our work group, where we were able to demonstrate a marked protective effect against two of the main fungal pathogens of strawberry cultivation, Colletotrichum acutatum [19] and Botryitis cinerea [20], we decided to study the effect of these stresses on strawberry plants and to investigate whether the BRs can help plants to cope with these stresses. Hence, in this work we studied the effect of two BR isomers (e.g., EP24 and BB16) on the vegetative growth and fruit production of strawberry plants (Fragaria x ananassa) of the cultivar ‘Festival’. We used a natural brassinosteroid, 24-epibrasinolide (EP24) and a formulation based on the synthetic brassinosteroid spirostanic analogue DI-31 (an active ingredient of the commercial formulation BIOBRAS 16).



After studying the effect of EP24 and BB16 on the growth promotion and fruit quality of strawberry plants grown under greenhouse conditions and exposed to water and salinity stresses, we proposed to extend the study by analyzing the effect of BRs on plants and fruits of strawberry plants grown under semi-hydroponic conditions. The hydroponic production of strawberries has increasingly been used in recent years, because it provides an interesting, valuable alternative orientated to a more sustainable crop production [21]. Hydroponic cultures have many advantages over traditional cultivation, since they use less water, allow for the production to be close to the markets, reduce the carbon footprint, minimize the use of agrochemicals, optimize the use of fertilizers by controlling the electrical conductivity of irrigation water, allow for the automation and robotization of the harvest processes, and increase crop yields [22].



Finally, in this work we also present results of the effect of EP24 and BB16 on the yield and fruit quality of strawberry plants (cv. Festival) exposed to high values of electrical conductivity during fertigation when grown under semi-hydroponic conditions




2. Materials and Methods


2.1. Plant Material


Strawberry plants (Fragaria ananassa) cv. ‘Festival’ were provided by the BGA Active Strawberry Germplasm Bank of the National University of Tucumán). Healthy seedlings were obtained from in vitro cultures in MS medium [23], rooted in pots with sterilized substrate (humus and perlite, 2:1), and maintained at 28 °C, 70% relative humidity (RH), with a light cycle of 16 h (white fluorescent, 350 μmol photons m−2 s−1).



For the determinations of growth promotion and tolerance to water and saline stress, plants were kept under greenhouse conditions, while for determinations of fruit quality a semi-hydroponic system was used.



The semi-hydroponic system under greenhouse conditions consisted of hydroponic growing bags 0.9 m long and 25 L, in which 10 plants were placed per bag (11.11 plants/linear meter). These bags are made up of Growmix TerraFertil® inert substrate, whose components are Sphagnum moss peat, pine bark compost, and perlite. The fertilization that was carried out consisted of a nutritive solution composed of 80 cc/m3 of phosphoric acid (85%), 130 g/m3 of potassium nitrate, 140 cc/m3 of nitric acid, and 30 g/m3 of Fetrilom Combi 2®. Drip irrigation by means of a micro-perforated tape installed inside the bags, was carried out 5 times a day, through short irrigations of 3 min.




2.2. Treatments with BRs


The aerial part of the plants was sprayed with BB16 or EP24 at a concentration of 0.1 mg L−1 up to the dripping point. In the trials in which the plants were exposed to abiotic stresses, the treatment was carried out 3 days before subjecting them to said conditions.




2.3. Growth Promotion


Growth promotion experiments were randomized with 10 plants and 10 replicates for the destructive and non-destructive parameters evaluated. The plants were kept in a greenhouse during the experiment and watered 3 times a week.



The treatments were carried out every 30 days by spraying the plants with BB16 or EP24 at a concentration of 0.1 mg l−1, and after 8 months the number of leaves, leaf area, leaf greenness, length of the root, crown diameter, root surface, fresh and dry weights, number of stolons, and the weights of total and commercial fruits per plant, were determined. Fruits were graded into marketable (>10 g per fruit) and non-marketable (<10 g, with disease symptoms, or deformed) categories. The threshold value for marketable fruit was 10 g since fruits over this weight are sold for either fresh consumption (larger fruit sizes) or for processing (smaller fruit sizes).



Root length (cm) and crown diameters (cm) were measured using a caliper, dry weights (g) were measured by oven drying at 60 °C to constant weight, and root surface area was determined by the method of calcium nitrate [24]. In this method, the roots were gently washed with water, dried for 30 s on absorbent paper, and weighed. Then, they were immersed in saturated Ca(NO3)2 solution, drained over the same container for 30 s, and weighed, the weight difference being equivalent to the root area.



For leaf greenness determinations, relative chlorophyll content was measured using a Minolta SPAD-502 Chlorophyll Meter. These results are expressed as SPAD values. To determine the leaf area, photographs of all the leaflets were taken and the measurement was made using the ImageJ program [25]. Measurements were made in 10 replicates and experiments were performed three times.




2.4. Abiotic Stress


For salt stress, plants were irrigated with 80 mL of NaCl 100 mM every 3 days. For water stress, plants were irrigated with 32 mL of water every 3 days for 20 days, which corresponds to 40% of the amount of water used in the normally irrigated control plants.



The controls used in these trials were: (i) plants not treated with BRs and subjected to normal irrigation with 80 mL per plant (control); (ii) plants not treated with BRs and subjected to irrigation with 80 mL 100 mM NaCl (saline stress); (iii) plants not treated with BRs and subjected to irrigation with 32 mL of water (water stress).



The determinations were carried out were: the number of leaves, leaf area, leaf greenness, root length, crown diameter, root surface, fresh and dry weights. All these determinations carried out in the same way as mentioned above when evaluating growth promotion



In addition, a soil analysis of the different stress conditions evaluated was carried out, making the following determinations: pH, volumetric humidity [26], salinity by electrical conductivity, sodium by photometry of flame [27], and chlorides by volumetry [28]. The soil analyzes were evaluated on ten random samples taken 20 days after the start of the treatments.



These experiments were randomized with 10 plants and 10 replicates to evaluate destructive and non-destructive parameters, and 3 independent experiments were also performed.




2.5. Fruit Quality Measurements


The freshly harvested fruits of the semi-hydroponic crops were used to evaluate the effect of the pre-harvest treatment with BB16 or EP24 at a concentration of 0.1 mg L−1 or with water (control plants). At harvest time, the total soluble solids (TSS) of the strawberry juice were determined using a refractometer (Arcano REF103) and recording three readings per fruit. In addition, acidity was determined using an aliquot of 10 g of strawberry juice in 100 mL of deionized water and titrating with 0.1 N NaOH at pH 8.1 [29]. Titratable acidity is expressed in grams of citric acid per liter. The surface color was evaluated with a colorimeter (Minolta, Model CR-300, Osaka, Japan) by measuring the parameters L*, a* and b*. Negative L* indicates darkness and positive L* indicates lightness. Negative a* indicates green color, and a* high positive indicates red color. A high positive b* indicates a more yellow color and a negative b* indicates a blue color. The chroma value (C*), calculated as C* = (a*2 + b*2)1/2, indicates the intensity or saturation of the color [30]. The color was measured in three random positions of each fruit. Fruit firmness was evaluated using a penetrometer (Effegi, Italia) of 2 mm diameter. Finally, the weight loss of the fruits was recorded at 5 days post-harvest (dph) using a balance with a precision of 0.01 g and expressed as a percentage of the initial weight. Thirty fruits per treatment were analyzed and the experiments were performed in triplicate.




2.6. Incidence of Postharvest Diseases in Fruits


The influence of BRs on the appearance of latent natural infection by the microbiota present in fruits was evaluated. Freshly harvested fruits were stored in hermetically sealed trays, containing 3 fruits each, and kept at 25 °C and a high RH (95%). Disease progress was assessed at 5 dph. Each treatment consisted of thirty repetitions and the experiment was carried out in triplicate.




2.7. Statistical Analysis


Statistical analysis of the data was performed using the InfoStat software [31]. All data were obtained from at least three independent experiments and are expressed as mean ± standard error. Data were also analyzed by one-way analysis of variance (ANOVA) test and means separated by the Tukey’s test for p < 0.05.





3. Results


The evaluation of the effect of BB16 and EP24 on the growth promotion of Fragaria ananassa cv. ‘Festival’ plants under greenhouse conditions showed a clear increase of fresh and dry weight, the number and area of leaves, the total weight of fruits per plant, the percentage of fruits with commercial quality, and the SPAD in plants treated with both BRs (Table 1). Likewise, when evaluating the effects of BB16 and EP24 on root parameters a clear increase of root dry weight, surface, length, and crown diameter was found (Table 2).



Figure 1 shows the aspect of the canopy and root of plants treated with BRs. In that figure we can appreciate that plants treated both BRs exhibited a greater development of the aerial part and root when compared with not treated plants, confirming the parameter values presented in Table 1 and Table 2. Noteworthily, in plants treated with EP24, more stolonization was observed when compared to not treated plants and plants treated with BB16 (Figure 1).



The evaluation of the effects of salinity and water stress on the growth of strawberry plants was carried out in solid substrates that were previously prepared and analyzed. The values of the soil parameters evaluated are presented in Table 3. As shown in the Table, the substrate used to test the saline stress in plants presented a lower moisture content and a significant increase in electrical conductivity, as well as the sodium and chloride concentrations when compared to the normal (control) substrate. On the other hand, the substrate used to test the plants under water stress presented a significant reduction of moisture content when compared to the normal (control) substrate. These values let us validate that the plants would be considerably exposed to a saline and water stresses.



After treating the plants with BB16 or EP24 and subjecting them to both types of stress, the physiological state of the plants was evaluated in comparison with control plants not treated with BRs and subjected to stress (Figure 2). A clear protective effect of both BRs was observed, since the plants did not show adverse effects, exhibiting a physiological state similar to that of the control plants not subjected to stress conditions.



When analyzing the effect of saline stress on the chlorophyll content of plants a lower rate of SPAD decrease was observed in plants treated with BB16 or EP24, being more notorious at 20 dpt (Figure 3a). However, this effect was only observed in plants treated with BB16 in response to water stress (Figure 3b). Plants treated with BB16 and EP24 and exposed to water stress exhibited a greater number of leaves than the control plants, whereas plants exposed to saline stress showed this effect only when pretreated with BB16 (Figure 3c). When evaluating leaf area, a larger area was observed in the plants treated with EP24 or BB16 and exposed to water stress, but no significant change was observed in plants treated with the BRs and exposed to saline stress when compared to controls (Figure 3d). Additionally, when evaluating the canopy dry weight of plants exposed to abiotic stresses, plants pretreated with both BRs exhibited a higher dry weight in those exposed to water stress, whereas plants exposed to saline stress showed higher canopy dry weight only in those pretreated with BB16 (Figure 3e).



When evaluating the effect of BRs on root morphological parameters of plants exposed to saline or water stresses, a clear increment of the root dry weight, surface, length, and crown diameter was observed in the plants pretreated with both BRs and exposed to water stress (Figure 4a–d), whereas an increment of root surface was only observed in plants treated with BB16 and exposed to saline stress (Figure 4b).



When analyzing the effect of BB16 and EP24 on fruit production of plants grown under semi-hydroponic culture, higher fruit weights (per plant and total) were observed in plants treated with both BRs (Figure 5a). However, an increase of the number of fruits with commercial value was observed only in plants treated with BB16 (Figure 5b) as compared to control non-treated plants.



Other aspects analyzed were the chlorophyll content of the plants throughout the trial, and a marked decrease in SPAD was observed over time in the control plants, which was not observed in the plants treated with BB16 or EP24 (Figure 6a). In addition, when finishing carrying out the determinations in fruits, a marked difference could be seen in terms of the survival of the plants, since the treatment with BRs gave rise to a percentage of survival almost 50% higher with respect to the control plants (Figure 6b).



When studying the effect of both compounds on the quality of fruits produced under hydroponic conditions, a higher luminosity (lightness) (Figure 7a) and red coloration (Figure 7b) was observed in plants grown under semi-hydroponic conditions that were treated with both BRs. However, a higher color intensity (chroma) was only observed in plants treated with BB16 (Figure 7c).



The treatment with both BRs also yielded fruits that presented a lower rate of weight loss after the harvest (Figure 8a), a higher firmness (Figure 8b), and an increased content of soluble solids (Figure 8c); however, only EP24 brought about fruits with a lower acidity when compared to control (not treated) plants or those treated with BB16 (Figure 8d).



The incidence of diseases in fruits produced by the natural microbiota present was also evaluated. Plants treated with BB16 and EP24 exhibited a lower rate of fruit rot, displaying up to 50% fewer fruit rots when compared to untreated control plants (Figure 9).




4. Discussion


The potential use of brassinosteroids as plant growth stimulators to improve crop yields and quality has intensively been investigated in recent years. Various studies have shown the effect of these compounds on various crops such as: tomato [5], potato [6], yellow passion fruit [8] and rice [9].



Previously we reported that strawberry plants treated with EP24 and BB16 exhibited a marked increase in fruit yield [32]. Now, we decided to carry out a comprehensive study on the use of BRs as a feasible alternative to increase plant growth under greenhouse conditions, and to evaluate whether the BRs can provide plants tolerance against water or saline stresses.



We were also interested to study the quality of the fruits produced by using a semi-hydroponic cultivation system. In this system, the plants grow on an inert support and all the nutrients are supplied through irrigation. This type of cultivation allows the reduction of agrochemicals needs and to increase the plant density when compared to the traditional system in the field. As we mentioned earlier the semi-hydroponic system not only contributes to lower production costs, but also provides better working conditions to workers, as the substrate bags are supported in structures one meter high, hence they do not have to work at ground level. Additionally, soil disinfection is avoided by eliminating the use of methyl bromide or other contaminating products required to soil treatments.



When evaluating the effect of the BB16 and EP24 on the growth promotion of Fragaria ananassa cv. ‘Festival’ plants grown in a solid substrate, a marked growth-promoting effect was observed. Analysis of leaf and root dry weights, the number of leaves, leaf area, greenness index, root length, root surface, crown diameter, fruit production, and the percentage of commercial-quality fruits showed a clear improvement with respect to control non-treated plants. The use of BRs to enhance the growth of various plants have already been reported by other research groups. Xia et al. [33] reported that the improvement in the growth of cucumber plants (Cucumis sativus) after treatment with 24-epibrasinolide (EBR) was associated with a higher CO2 assimilation and a higher quantum yield of photosystem II (PSII), and that the treatment with brassinazole (Brz), a specific inhibitor for BR biosynthesis, reduced plant growth, CO2 assimilation, and PSII performance. There is also evidence showing that the cellular redox state controls the expression of photosynthetic genes and enzyme activities [34,35,36]. In this sense, it has already been shown that the exogenous application of 28-homobrassinolide increases photosynthetic activity and the antioxidant defense system [37].



Previously, it was reported that a treatment with both BRs (e.g., BB16 and EP24) induced a transient accumulation of H2O2 in strawberry leaves [18]. We may hypothesize that H2O2 functions as a second messenger that would activate a signaling pathway through MAPK to regulate the cellular redox state and photosynthetic activity [38,39,40].



It has also been demonstrated that BRs have a growth-promoting effect on plant roots. Yokota et al. [41] reported the existence of several BRs in tomato roots, and that an lk mutant, a BR-deficient pea mutant, exhibited thicker and low number of lateral roots, showing that an excess or lack of BRs have detrimental effects on the root growth and development. On the one hand, mutants that lack components of the BRs signaling pathway or their receptors exhibited short roots, indicating that the BR signaling is necessary for root growth [42,43]. Shorter roots were also observed in bes1-D mutants (gain of function), or in plants treated with high concentrations of BRs [43,44]. These results confirmed our observations, suggesting that a correct balance of BR levels is required for the normal root growth and development



Taking into account that strawberry plants are very sensitive to water and saline stresses [45,46,47]. we decided to evaluate whether BB16 and EP24 would provide tolerance to those stresses.



When the roots of plants treated with BB16 or EP24 and exposed to water stress were analyzed, greater dry weights, surface areas, and lengths, as well as greater crown diameters were observed (Figure 4). These results are consistent with previous reports of other authors who observed an increase in root branching, total length, and area in Silene vulgaris plants subjected to moderate drought stress [48,49]. We can speculate that the morpho-anatomical change observed in roots minimizes the area of the rhizosphere exposed to water depletion, and by increasing the area, this enhances water and nutrients’ absorption. Interestingly, these effects were not observed in the roots of plants exposed to salt stress, in which a larger root surface was only observed in the plants treated with BB16. We may speculate that the spiroketalic ring present in structure of BB16 but absent in the EP24 structure exerts a stronger effect on the signaling of the induced morpho-anatomical structures, which is associated with the tolerance to the abiotic stresses studied, as suggested elsewhere [18].



Plants constantly regulate their physiological processes in response to various internal and external stimuli. Biological processes are integrated by multiple hormonal signals, and stress induces different hormonal signaling pathways in plants [50]. Among the external factors, salt and water stresses are those that can cause significant damage to plants, especially to strawberries [47]. It was reported that water and salt stresses can cause in strawberries a reduction in the number and area of the leaves, the dry weight of the shoot, the number of crowns, and the yield [51]. Considering the sensitivity of plants to saline conditions, the strawberry is among the most sensitive species [52,53].



High concentrations of salt in soil or irrigation water can have a devastating effect on plant metabolism, altering the level of growth regulators and uncoupling major physiological and biochemical processes [54]. Since osmotic stress is the basic cause in both stress situations, it is expected to observe a marked stomatal closure in response to these conditions to prevent water loss as reported by Furio et al. [18]. This situation causes an increase in free radicals, which leads to a degradation of lipids and proteins of the cell membrane, and also of an extremely important cell component, chlorophyll [55]. The latter would explain the loss of the green coloration [56] (observed as a marked reduction of SPAD mainly at 20 dpt) in the control non-treated plants and those exposed to saline and water stresses, while the plants previously treated with BRs exhibited greener and healthier leaves (Figure 6). As the water uptake capacity is reduced under these stressful conditions, the plants usually exhibit lower weights [57]. The lack of water availability also causes a decrease in cell turgor, a decrease in the water potential of the plant affecting the plant growth [58,59]. The positive effect exerted by BRs on plants exposed to salinity could be due to the action of osmolytes such as proline, glycine betaine, and total free amino acids, as proposed in several works [60,61].



The thin epidermis and high water content makes the strawberry fruit very perishable and susceptible to deterioration caused by physical or biological damages. It is essential therefore, to evaluate strategies to obtain fruits with lower rates of water loss and greater firmness after harvest. Accordingly, the effect of BB16 and EP24 fruit quality was evaluated on strawberry plants of the (cv. ‘Festival’) grown under semi-hydroponic conditions.



It is well known that after harvesting the fruit, this increases its respiratory rate, inducing a high loss of water through the thin skin of the strawberries. This water loss causes the fruit skin to wrinkle, lose shine, and cause a significant deterioration in their appearance and organoleptic quality [62]. For this reason, some parameters associated with fruit quality of strawberry plants (cv. ‘Festival’) grown under semi-hydroponic conditions treated with BB16 and EP 24 (or not) were evaluated.



Results obtained showed that plants treated with the BRs yielded fruits with higher luminosity (Figure 7a), redness (Figure 7b), firmness (Figure 8b), and soluble solids (Figure 8c), and a lower rate of weight loss (Figure 8a) and decay of fruits (Figure 9). The differential effect observed in fruits treated with BB16 or EP24 on some parameters of quality evaluated (see Figure 7c and Figure 8d) can be attributed to the influence of the different chemical structure of EP24 and BB16 on the activation of the BRs’ signaling pathway, as mentioned above and reported by Furio et al. [18].



Fruits with a greater luminosity and with a more intense red color are fruits that will have a greater acceptance by the consumer, as they would present a more attractive visual appearance [63]. Another important organoleptic characteristic which was markedly improved by both BRs is the soluble solids content. This characteristic, together with the decrease in acidity observed in response to EP24, implies a better and more pleasant flavor of the fruits. The improvement of quality parameters observed in strawberry fruits in response to treatment with BRs, agree with studies reported in other species such as: tomatoes [64], cherries [65], and grapes [66], among others.



When studying the influence of BRs in the reduction of fruits’ decay due to the latent natural microbiota present in the fruits, a marked effect of both compounds was verified (Figure 9). We observed that after 5 days of harvest, the fruits of the untreated plants presented a clear advance of rots, characterized by the growth of a white mycelium, with more than 80% of the fruits infected. On the other hand, with the treatment with BB16 and EP24, the fruits’ decay decreased markedly to 40 and 55%, respectively. Fruit rot, mainly due to gray mold (Botrytis cinerea), is the main source of post-harvest losses in strawberries. The results obtained in this work show that pre-harvest treatments with BRs cause a reduction in the damage caused by natural pathogens.



Finally, the results obtained let us conclude that B16 and EP24 have clear benefits on the strawberry cultivation, as they allow not only increases in plant growth under normal conditions, but also under abiotic stress conditions such as salinity or water stress. Additionally, we demonstrate that under semi-hydroponic conditions, the treatment with BB16 and EP24 improved the survival level of the plants and the fruit quality.



These results further show that the use of BRs in strawberry production not only renders higher yields, productivity, and fruit quality, but also a more sustainable and environmentally friendly management of the crop, reducing the use of toxic and contaminant agrochemicals.







Author Contributions


R.N.F. is CONICET fellowship, G.M.M.-Z. and J.C.D.-R. are member of CONICET, S.M.S. and J.A.M.-M. are member of INTA, Y.C. is member of Universidad de la Habana. R.N.F.: Conceptualization, Methodology, Software, Validation, Investigation, Writing—Original draft preparation; S.M.S.: Resources, Writing—Review & Editing; J.A.M.-M.: Methodology, Investigation; G.M.M.-Z.: Investigation; Y.C.: Resources, Methodology; J.C.D.-R.: Resources, Writing—Review & Editing. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded partially supported with grants of the Universidad Nacional de Tucumán (PIUNT 26/D621), Agencia Nacional de Promoción Científica y Tecnológica (PICT 2017-0653), CONICET (PUE-2016-0104) and INTA (2019-PD-E4-I069-001 and 2019-PE-E1-I009-001) and the APC was funded by PUE 104-2016-Díaz-Ricci.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data are contained within the article. The datasets generated and/or analysed during the current study are available from the corresponding author on reasonable request.




Acknowledgments


Authors are grateful to Strawberry Active Germplasm Bank (BGA) from Universidad Nacional de Tucumán (UNT) for providing strawberry plants. We thank Luis H. Montenegro and Norberto Ybarra for their help in testing the semi-hydroponic system under greenhouse conditions.




Conflicts of Interest


The manuscript has not been published and is not under consideration for publication elsewhere. All authors have approved the manuscript and agreed to submit the paper to Horticulturae. The research was conducted in the absence of any commercial relationships that could be considered as a potential conflict of interest.




References


	



Mitchell, J.W.; Mandava, N.B.; Worley, J.F.; Plimmer, J.R.; Smith, M.V. Brassins: A new family of plant hormones from rape pollen. Nature 1970, 225, 1065–1066. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Mandava, N.B. Plant growth-promoting brassinosteroids. Annu. Rev. Plant Physiol. Plant Mol. Biol. 1988, 39, 23–52. [Google Scholar] [CrossRef]

	



Clouse, S.D. Brassinosteroid signal transduction: From receptor kinase activation to transcriptional networks regulating plant development. Plant Cell 2011, 23, 1219–1230. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Clouse, S.D.; Sasse, J.M. Brassinosteroids: Essential regulators of plant growth and development. Annu. Rev. Plant Biol. 1998, 49, 427–451. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Núñez, M.; Torres, W.; Coll, F. Effectiveness of a synthetic brassinosteroid on potato and tomato yields. Cultiv. Trop. 1995, 16, 26–27. [Google Scholar]

	



Torres, W.; Núñez, M. The application of biobras–6 and its effect on potato (Solanum tuberosum L.) yields. Cultiv. Trop. 1997, 18, 8–10. [Google Scholar]

	



Cortes, P.A.; Terrazas, T.; León, T.; Larqué-Saavedra, A. Brassinosteroid effects on the precocity and yield of cladodes of cactus pear (Opuntiaficus-indica (L.) Mill.). Sci. Hortic. 2003, 97, 65–73. [Google Scholar] [CrossRef] [Scilit]

	



Gomes, M.M.A.; Compostrini, E.; Rocha, N.; Pio, A.; Massi, T.; Siqueira, L. Brassinosteroid analogue effects on the yield of yellow passion fruit plants (Passiflora edulis f. flavicarpa). Sci. Hortic. 2006, 110, 235–240. [Google Scholar] [CrossRef] [Scilit]

	



Wu, C.Y.; Trieu, A.; Radhakrishnan, P.; Kwok, S.F.; Harris, S.; Zhang, K.; Wang, J.L.; Wan, J.; Zhai, H.; Takatsuto, S.; et al. Brassinosteroids regulate grain filling in rice. Plant Cell 2008, 20, 2130–2145. [Google Scholar] [CrossRef] [Scilit]

	



Stepien, P.; Klobus, G. Water relations and photosynthesis in Cucumis sativus L. leaves under salt stress. Biol. Plant. 2006, 50, 610–616. [Google Scholar] [CrossRef] [Scilit]

	



Türkan, I.; Demiral, T. Recent developments in understanding salinity tolerance. Environ. Exp. Bot. 2009, 67, 2–9. [Google Scholar] [CrossRef] [Scilit]

	



Rady, M.M. Effect of 24-epibrassinolide on growth, yield, antioxidant system and cadmium content of bean (Phaseolus vulgaris L.) plants under salinity and cadmium stress. Sci. Hortic. 2011, 129, 232–237. [Google Scholar] [CrossRef] [Scilit]

	



Chandler, C.K.; Ferree, D.C. Response of ‘Raritan’ and ‘Surecrop’ strawberry plants to drought stress. Fruit Var. J. 1990, 44, 183–184. [Google Scholar]

	



Klamkowski, K.; Treder, W. Morphological and physiological responses of strawberry plants to water stress. Agric. Conspec. Sci. 2006, 71, 159–165. [Google Scholar]

	



Manghwar, H.; Hussain, A.; Ali, Q.; Liu, F. Brassinosteroids (BRs) Role in Plant Development and Coping with Different Stresses. Int. J. Mol. Sci. 2022, 23, 1012. [Google Scholar] [CrossRef] [Scilit]

	



Serna, M.; Coll, Y.; Zapata, P.J.; Botella, M.Á.; Pretel, M.T.; Amorós, A. A brassinosteroid analogue prevented the effect of salt stress on ethylene synthesis and polyamines in lettuce plants. Sci. Hortic. 2015, 185, 105–112. [Google Scholar] [CrossRef] [Scilit]

	



Núñez-Vázquez, M.; Pérez-Domínguez, G.; Martínez-González, L.; Reyes-Guerrero, Y.; Coll-García, Y. Spirostanic analogues of brassinosteroids enhance the rice (Oryza sativa L.) cv. INCA LP-7 seedling growth under NaCl stress. Cultiv. Trop. 2016, 37, 152–159. [Google Scholar]

	



Yuan, G.F.; Jia, C.G.; Li, Z.; Sun, B.; Zhang, L.P.; Li, N.; Wang, Q.M. Effect of brassinosteroids on drought resistance and abscisic acid concentration in tomato underwater stress. Sci. Hortic. 2010, 126, 103–108. [Google Scholar] [CrossRef] [Scilit]

	



Furio, R.N.; Albornoz, P.L.; Coll, Y.; Martinez Zamora, G.M.; Salazar, S.M.; Martos, G.G.; Díaz Ricci, J.C. Effect of natural and synthetic Brassinosteroids on strawberry immune response against Colletotrichum acutatum. Eur. J. Plant Pathol. 2019, 153, 167–181. [Google Scholar] [CrossRef] [Scilit]

	



Furio, R.N.; Salazar, S.M.; Martínez-Zamora, G.M.; Coll, Y.; Hael-Conrad, V.; Díaz-Ricci, J.C. Brassinosteroids promote growth, fruit quality and protection against Botrytis on Fragaria x ananassa. Eur. J. Plant Pathol. 2019, 154, 801–810. [Google Scholar] [CrossRef] [Scilit]

	



de Carvalho, R.O.; Machado, M.B.; Göebel, J.T.S.; Lang, G.H.; da Luz, M.L.G.S.; Gadotti, G.I.; Silveira da Luz, C.A.; Gomes, M.C. Economical Feasibility of Strawberry Production in a Semi-Hydroponic System and Agroindustry of Jelly on a Small Property . Agric. Eng. Int. CIGR J. 2015, Special Issue, pp. 173–176. Available online: http://library.tuit.uz/knigiPDF/Ebsco/8-112.pdf (accessed on 14 March 2021).

	



Treftz, C.; Omaye, S.T. Comparision between hydroponic and soil systems for growing strawberries in a greenhouse. Int. J. Agric. Ext. 2016, 3, 195–200. [Google Scholar]

	



Murashige, T.; Skoog, F. A revised medium for rapid growth and bio assays with tobacco tissue cultures. Physiol. Plant. 1962, 15, 473–497. [Google Scholar] [CrossRef] [Scilit]

	



Carley, H.E.; Watson, T.W. A new gravimetric method for estimating root-surface areas. Soil Sci. 1966, 102, 289–291. [Google Scholar] [CrossRef] [Scilit]

	



Schneider, C.A.; Rasband, W.S.; Eliceiri, K.W. NIH Image to ImageJ: 25 years of image analysis. Nat. Methods 2012, 9, 671–675. [Google Scholar] [CrossRef] [Scilit]

	



Montenegro-Gonzalez, H.; Malagón-Castro, D.; Guerrero, I. Propiedades Físicas de Los Suelos; CO-BAC: Bogotá, Colombia, 1990. [Google Scholar]

	



Barnes, R.B.; Richardson, D.; Berry, J.W.; Hood, R.L. Flame photometry a rapid analytical procedure. Ind. Eng. Chem. Anal. Ed. 1945, 17, 605–611. [Google Scholar] [CrossRef] [Scilit]

	



Kafkafi, U.; Xu, G.; Imas, P.; Magen, H.; Tarchitzky, J. Potassium and Chloride in Crops and Soils: The Role of potassium Chloride Fertilizer in Crop Nutrition; International Potash Institute: Basel, Switzerland, 2001. [Google Scholar]

	



Sapers, G.M. Color characteristics and stability of nonbleeding cocktail cherries dyed with carotenoid pigments. J. Food Sci. 1994, 59, 135–138. [Google Scholar] [CrossRef] [Scilit]

	



Agüero, J.J.; Salazar, S.M.; Kirschbaum, D.S.; Jerez, E.F. Factors affecting fruit quality in strawberries grown in a subtropical environment. Int. J. Fruit Sci. 2015, 15, 223–234. [Google Scholar] [CrossRef] [Scilit]

	



Di Rienzo, J.A.; Casanoves, F.; Balzarini, M.G.; Gonzalez, L.; Tablada, M.; Robledo, C.W. InfoStat Version 2013. Grupo InfoStat, FCA, Universidad Nacional de Córdoba, Argentina. Available online: http://www.infostat.com.ar (accessed on 8 November 2013).

	



Salazar, S.M.; Coll, Y.; Viejobueno, J.; Coll, F. Response of Strawberry Plants to the Application of Brassinosteroid Under Field Conditions. Rev. Agronómica Del Noroeste Argent. 2016, 36, 37–41. Available online: https://ranar.faz.unt.edu.ar/index.php/ranar/article/view/68 (accessed on 13 July 2021).

	



Xia, X.J.; Huang, L.F.; Zhou, Y.H.; Mao, W.H.; Shi, K.; Wu, J.X.; Asami, T.; Chen, Z.; Yu, J.Q. Brassinosteroids promote photosynthesis and growth by enhancing activation of Rubisco and expression of photosynthetic genes in Cucumis sativus. Planta 2009, 230, 1185. [Google Scholar] [CrossRef] [Scilit]

	



Oswald, O.; Martin, T.; Dominy, P.J.; Graham, I.A. Plastid redox state and sugars: Interactive regulators of nuclear-encoded photosynthetic gene expression. Proc. Natl. Acad. Sci. USA 2001, 98, 2047–2052. [Google Scholar] [CrossRef]

	



Pfannschmidt, T.; Allen, J.F.; Oelmüller, R. Principles of redox control in photosynthesis gene expression. Physiol. Plant. 2001, 112, 1–9. [Google Scholar] [CrossRef] [Scilit]

	



Zhang, N.; Kallis, R.P.; Ewy, R.G.; Portis, A.R. Light modulation of Rubisco in Arabidopsis requires a capacity for redox regulation of the larger Rubisco activase isoform. Proc. Natl. Acad. Sci. USA 2002, 99, 3330–3334. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Hasan, S.A.; Hayat, S.; Ahmad, A. Brassinosteroids protect photosynthetic machinery against the cadmium induced oxidative stress in two tomato cultivars. Chemosphere 2011, 84, 1446–1451. [Google Scholar] [CrossRef] [Scilit]

	



Neill, S.; Desikan, R.; Hancock, J. Hydrogen peroxide signalling. Curr. Opin. Plant Biol. 2002, 5, 388–395. [Google Scholar] [CrossRef] [Scilit]

	



Apel, K.; Hirt, H. Reactive oxygen species: Metabolism, oxidative stress, and signal transduction. Annu. Rev. Plant Biol. 2004, 55, 373–399. [Google Scholar] [CrossRef] [Scilit]

	



Xia, X.J.; Wang, Y.J.; Zhou, Y.H.; Tao, Y.; Mao, W.H.; Shi, K.; Asami, T.; Chen, Z.; Yu, J.Q. Reactive oxygen species are involved in brassinosteroid-induced stress tolerance in cucumber. Plant Physiol. 2009, 150, 801–814. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Yokota, T.; Sato, T.; Takeuchi, Y.; Nomura, T.; Uno, K.; Watanabe, T.; Takatsuto, S. Roots and shoots of tomato produce 6-deoxo-28-norcathasterone, 6-deoxo-28-nortyphasterol and 6-deoxo-28-norcastasterone, possible precursors of 28-norcastasterone. Phytochemistry 2001, 58, 233–238. [Google Scholar] [CrossRef] [Scilit]

	



Chaiwanon, J.; Wang, Z.Y. Spatiotemporal brassinosteroid signaling and antagonism with auxin pattern stem cell dynamics in Arabidopsis roots. Curr. Biol. 2015, 25, 1031–1042. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



González-García, M.P.; Vilarrasa-Blasi, J.; Zhiponova, M.; Divol, F.; Mora-García, S.; Russinova, E.; Caño-Delgado, A.I. Brassinosteroids control meristem size by promoting cell cycle progression in Arabidopsis roots. Development 2011, 138, 849–859. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Mussig, C.; Fischer, S.; Altmann, T. Brassinosteroid-regulated gene expression. Plant Physiol. 2002, 129, 1241–1251. [Google Scholar] [CrossRef] [Scilit]

	



Grant, O.M.; Johnson, A.W.; Davies, M.J.; James, C.M.; Simpson, D.W. Physiological and morphological diversity of cultivated strawberry (Fragaria × ananassa) in response to water deficit. Environ. Exp. Bot. 2010, 68, 264–272. [Google Scholar] [CrossRef] [Scilit]

	



Arkin, G.F.; Taylor, H.M. Modifying the Root Environment to Reduce Crop Stress; American Society of Agricultural Engineers: St. Joseph, MI, USA, 1981; pp. 305–343. [Google Scholar]

	



Saied, A.S.; Keutgen, A.J.; Noga, G. The influence of NaCl salinity on growth, yield and fruit quality of strawberry cvs ‘Elsanta’ and ‘Korona’. Sci. Hortic. 2005, 103, 289–303. [Google Scholar] [CrossRef] [Scilit]

	



Arreola, J.; Martínez-Sánchez, J.J.; Conesa, E.; Franco, J.A. Effect of pre-conditioning water regimes during nursery production on seedling root system characteristics of Silene vulgaris. Acta Hortic. 2008, 782, 287–292. [Google Scholar] [CrossRef] [Scilit]

	



Franco, J.A.; Arreola, J.; Vicente, M.J.; Martínez-Sánchez, J.J. Nursery irrigation regimes affect the seedling characteristics of Silene vulgaris as they relate to potential performance following transplanting into semi-arid conditions. J. Hortic. Sci. Biotechnol. 2008, 83, 15–22. [Google Scholar] [CrossRef] [Scilit]

	



Teale, W.D.; Ditengou, F.A.; Dovzhenko, A.D.; Li, X.; Molendijk, A.M.; Ruperti, B.; Paponov, I.; Palme, K. Auxin as a model for the integration of hormonal signal processing and transduction. Mol. Plant. 2008, 1, 229–237. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Pirlak, L.; Esitken, A. Salinity effects on growth, proline and ion accumulation in strawberry plants. Acta Agric. Scand.-B Soil Plant Sci. 2004, 54, 189–192. [Google Scholar] [CrossRef] [Scilit]

	



Maas, E.V.; Hoffman, G.J. Crop salt tolerance–current assessment. J. Irrig. Drain. Div. 1977, 103, 115–134. [Google Scholar] [CrossRef] [Scilit]

	



Bould, C.; Hewitt, E.J.; Needham, P. The occurence and treatment of mineral disorders in the field. Diagn. Miner. Disord. Plants 1983, 1, 139–155. [Google Scholar]

	



Hasanuzzaman, M.; Nahar, K.; Fujita, M. Plant response to salt stress and role of exogenous protectants to mitigate salt-induced damages. In Ecophysiology and Responses of Plants under Salt Stress; Springer: New York, NY, USA, 2013. [Google Scholar] [CrossRef] [Scilit]

	



Makale, P.; Kontturi, M.; Pehu, E.; Somersalo, S. Photosynthetic response of drought and salt-stressed tomato and turnip rape plants to foliar applied glycinebetaine. Physiol. Plant. 1999, 105, 45–50. [Google Scholar] [CrossRef] [Scilit]

	



Wise, R.R.; Naylor, A.W. Chilling-enhanced photooxidation: Evidence for the role of singlet oxygen and Superoxide in the Breakdown of Pigments and endogenous antioxidant. Plant Physiol. 1987, 83, 278–282. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Zapata, P.J.; Serrano, M.; Petrel, M.T.; Botella, M.A. Changes in free polyamine concentration induced by salt stress in seedling of different species. Plant Growth Regul. 2008, 56, 167–177. [Google Scholar] [CrossRef] [Scilit]

	



Lovisolo, C.; Perrone, I.; Carra, A.; Ferrandino, A.; Flexas, J.; Medrano, H.; Schubert, A. Drought-induced changes in development and function of grapevine (Vitis spp.) organs and in their hydraulic and non-hydraulic interactions at the whole-plant level: A physiological and molecular update. Funct. Plant Biol. 2010, 37, 98–116. [Google Scholar] [CrossRef] [Scilit]

	



Meggio, F.; Prinsi, B.; Negri, A.S.; Simone Di Lorenzo, G.; Lucchini, G.; Pitacco, A.; Espen, L. Biochemical and physiological responses of two grapevine rootstock genotypes to drought and salt treatments. Aust. J. Grape Wine Res. 2014, 20, 310–323. [Google Scholar] [CrossRef] [Scilit]

	



Zeng, H.; Tang, Q.; Hua, X. Arabidopsis brassinosteroid mutants det2-1 and bin2-1 display altered salt tolerance. J. Plant Growth Regul. 2010, 29, 44–52. [Google Scholar] [CrossRef] [Scilit]

	



Shahid, M.A.; Balal, R.M.; Pervez, M.A.; Garcia-Sanchez, F.; Gimeno, V.; Abbas, T.; Mattson, N.S.; Riaz, A. Treatment with 24-epibrassinolide mitigates NaCl-induced toxicity by enhancing carbohydrate metabolism, osmolyte accumulation, and antioxidant activity in Pisum sativum. Turk. J. Bot. 2014, 38, 511–525. [Google Scholar] [CrossRef] [Scilit]

	



Nunes, M.C.N.; Emond, J.P.; Rauth, M.; Dea, S.; Chau, K.V. Environmental conditions encountered during typical consumer retail display affect fruit and vegetable quality and waste. Postharvest Biol. Technol. 2009, 51, 232–241. [Google Scholar] [CrossRef] [Scilit]

	



Velickova, E.; Winkelhausen, E.; Kuzmanova, S.; Alves, V.D.; Moldão-Martins, M. Impact of chitosan-beeswax edible coatings on the quality of fresh strawberries (Fragaria ananassa cv Camarosa) under commercial storage conditions. LWT 2013, 52, 80–92. [Google Scholar] [CrossRef] [Scilit]

	



Liu, L.; Jia, C.; Zhang, M.; Chen, D.; Chen, S.; Guo, R.; Wang, Q. Ectopic expression of a BZR1-1D transcription factor in brassinosteroidsignalling enhances carotenoid accumulation and fruit quality attributes in tomato. Plant Biotechnol. J. 2014, 12, 105–115. [Google Scholar] [CrossRef] [Scilit] [PubMed]

	



Roghabadi, M.A.; Pakkish, Z.A.H.R.A. Role of brassinosteroid on yield, fruit quality and postharvest storage of ‘Tak Danehe Mashhad’ sweet cherry (Prunus avium L.). Agric. Commun. 2014, 2, 49–56. [Google Scholar]

	



Pakkish, Z.; Ghorbani, B.; Najafzadeh, R. Fruit quality and shelf life improvement of grape cv. Rish Baba using Brassinosteroid during cold storage. J. Food Meas. Charact. 2019, 13, 967–975. [Google Scholar] [CrossRef] [Scilit]








[image: Horticulturae 08 00572 g001] 





Figure 1. Appearance of the aerial parts and roots of plants of Fragaria ananassa cv. ‘Festival’, either not treated (control) and treated with BB16 or EP24, grown in solid substrate and greenhouse conditions. Scale bars correspond to 5 cm. 
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Figure 2. Aspect of Fragaria ananassa cv. ‘Festival’. Plants were either controls (a), or treated with BB16 (b) or EP24 (c), and subjected to saline or water stress after 20 days. 
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Figure 3. Effect of BB16 and EP24 treatments on the canopy growth parameters of strawberry plants (cv. ‘Festival’) grown on solid substrate, and exposed to water and saline stress. (a,b) Greenness index, (c) number of leaves, (d) leaf area, and (e) canopy dry weight. Mean values ± SE were obtained from three independent experiments (n = 10). Analysis of variance (ANOVA) followed by the Tukey’s test was performed using InfoStat/L software (p < 0.05). Asterisks represent statistically significant differences. 
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Figure 4. Effect of BB16 and EP24 treatments on the root parameters of strawberry plants (cv. ‘Festival’) grown in solid substrate and exposed to water and saline stress. (a) Root dry weight, (b) root surface, (c) root length, and (d) crown diameter. Mean values ± SE were obtained from three independent experiments (n = 10). Analysis of variance (ANOVA) followed by the Tukey’s test was performed using InfoStat/L software (p < 0.05). Asterisks represent statistically significant differences. 
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Figure 5. Effect of BRs on the fruit production of strawberry plants (cv. ‘Festival’) grown in semi-hydroponic conditions. (a) Commercial fruit weight per plant (cfwpp) and total fruit weight per plant (tfwpp), and (b) number of commercial fruits, obtained in response to treatment with BB16 and EP24. Asterisks correspond to statistically different values (Tukey’s test, p ˂ 0.05). 
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Figure 6. Effect of BRs on: (a) the greenness index (SPAD) of strawberry plants (cv. ‘Festival’), and (b) on the percentage of survival of the plants grown in semi-hydroponic conditions at the end of the study. Asterisks correspond to statistically different values (Tukey’s test, p ˂ 0.05). 
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Figure 7. Evaluation of fruit color of strawberry plants (cv. ‘Festival’) grown in semi-hydroponic conditions after pre-harvest treatment with BRs. Lightness (a), red coloration (b), and color intensity (c) were evaluated. Asterisks indicate a statistically significant difference between control and BR-treated plants. Mean values ± SE were obtained from three independent experiments (n = 10). Analysis of variance (ANOVA) followed by the Tukey’s test was performed using InfoStat/L software (p < 0.05). Asterisks represent statistically significant differences. 
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Figure 8. Effect of Bs treatment on the fruit quality parameters of strawberry plants (cv. ‘Festival’) grown in semi-hydroponic culture. (a) Weight loss expressed as a percentage (%) relative to the initial weight of strawberry fruit, (b) its firmness, (c) soluble solids’ content (%), and (d) acidity (expressed as g citric acid/L). Fruits were kept at room temperature (25 °C) during the experiment. Mean values were obtained from ten independent samples. Vertical bars represent standard deviation (± SE). Analysis of variance (ANOVA) followed by the Tukey’s test was performed using InfoStat/L software (p < 0.05). Asterisks indicate a statistically significant difference between control and BRs-treated plants. 
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Figure 9. Decay of fruits. (a) Representative images of the decay of fruits in response to different treatments, and (b) fruit rot as a percentage of the total fruits obtained of strawberry plants grown in semi-hydroponic culture. Fruit evaluation was carried out at 5 dph. Asterisks correspond to statistically different values (Tukey’s test, p ˂ 0.05). 
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Table 1. Growth-promoting effect on parameters of the aerial part of strawberry plants treated with BB16 and EP24.






Table 1. Growth-promoting effect on parameters of the aerial part of strawberry plants treated with BB16 and EP24.





	Canopy Parameters
	Control
	BB16
	EP24





	Fresh weight (g)
	21.9 ± 2.49 a
	29.73 ± 2.49 ab
	36.95 ± 2.49 b



	Dry weight (g)
	8.93 ± 0.65 a
	12.4 ± 0.65 bc
	14.95 ± 0.65 c



	Number of leaves
	11.75 ± 0.93 a
	17.5 ± 0.93 bc
	19.75 ± 0.93 c



	Leaf area (cm2)
	11.63 ± 1.6 a
	28.18 ± 1.6 b
	27.77 ± 1.6 b



	Number of stolons
	4.98 ± 0.56 a
	6.50 ± 0.56 a
	9.08 ± 0.56 a



	Weight of total fruits per plant (g)
	49.09 ± 1.56 a
	59.27 ± 1.56 b
	56.67 ± 1.56 b



	Commercial quality fruit (%)
	18.15 ± 1.57 a
	25.46 ± 1.57 b
	28.15 ± 1.57 b



	SPAD
	32.92 ±- 0.74 a
	40.34 ± 0.74 b
	40.56 ± 0.74 b







Different letters represent groups which are significantly different (Tukey, α ˂ 0.05).













 





Table 2. Growth promoting effect of BB16 and EP24 on root parameters of strawberry plants.
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	Root Parameters
	Control
	BB16
	EP24





	Fresh weight (g)
	23.5 ± 4.33 a
	48.23 ± 4.33 b
	43.1 ± 4.33 b



	Dry weight (g)
	4.6 ± 0.58 a
	12.83 ± 0.58 b
	11.88 ± 0.58 b



	Root lenght (cm)
	29.04 ± 1.26 a
	34.75 ± 1.26 b
	32.25 ± 1.26 ab



	Root surface (mg Ca(NO3)2)
	3.13 ± 0.72 a
	13.13 ± 0.72 b
	14.1 ± 0.72 b



	Crown diameter (cm)
	9.38 ± 0.55 a
	12.98 ± 0.55 bc
	11.95 ± 0.55 bc







Different letters represent groups which are significantly different (Tukey, α ˂ 0.05).













 





Table 3. Parameters of the soil used in plants subjected to salt stress (100 mM NaCl) and water stress.
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Soil Analysis




	

	
Control

	
Saline Stress

	
Water stress






	
pH (1:2,5)

	
5.78 ± 0.18 b

	
5.73 ± 0.18 a

	
5.72 ± 0.18 ab




	
CE (dS/m)

	
2.66 ± 0.17 a

	
35.66 ± 2.35 b

	
2.73 ± 0.17 a




	
H2O (%)

	
240.67 ± 4.9 c

	
101.33 ± 4.9 b

	
68.33 ± 4.9 a




	
Na (meq/l)

	
17.23 ± 1.05 a

	
339.13 ± 10.92 b

	
16.26 ± 1.05 a




	
Cl (meq/l)

	
17.8 ± 0.48 b

	
333.33 ± 15.04 c

	
15.77 ± 0.48 a








Different letters represent groups which are significantly different (Tukey, α ˂ 0.05).
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