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Abstract

:

We evaluated two osmotic adjustment substances (glycine betaine (GB) and glycine (G) and a combination of both glycine + glycine betaine (G + GB) using two modes of application; irrigation and foliar sprays with Dracaena sanderiana plants. The plants were grown in containers and subjected to two levels of NaCl concentrations (2.0 and 7.5 dS m−1) over 8 weeks. Growth, pigment concentrations, and physiological parameters were assessed at the end of the trial. The foliar application of GB resulted in most optimal plant growth and biomass production in the presence of NaCl. The chlorophyll and carotenoid concentrations showed different trends depending on the osmotic adjustment substance applied and the mode of application. Stomatal density and dimensions varied considerably with respect to the osmotic adjustment substance supplied. The concentration of soluble sugars in leaves did not show a clear trend under the different treatments assessed. The exogenous application of G resulted in the highest concentration of free proline and proteins in leaves. The antioxidant capacity in leaves increased with both osmotic adjustment substances, and both means of application, under low and high saline conditions. We concluded that the foliar application of GB can be recommended in order to achieve cost-effective growth of D. sanderiana under saline conditions.
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1. Introduction


Salinity is an abiotic stress that causes sterile fields and reduces plant growth and yield [1] affecting an area of approximately 830 to 950 million hectares at a worldwide level [2]. Because of scarce irrigation and drainage practices, the degree of salinization in soils and groundwater is constantly increasing, especially in arid and semiarid areas in different parts of the world [3]. Salinization causes a reduction in the productivity of crops, valued at as much as US $12 billion [4].



Plants grown in saline environments suffer osmotic stress and ion toxicity, which significantly reduce membrane porosity, growth rates, and yield [5]. The low rate of cell wall development and the reduction in growth are related to the osmotic stress caused by saline conditions in plants. The ionic stress comprises of a nutrient imbalance and a decrease in the photosynthetic apparatus in plants grown under saline environments [6].



Glycine betaine is a quaternary ammonium compound with a crucial role in osmotic maintenance in higher plants [7]. Glycine betaine can be taken up by plants at foliar and root level [8]. Foliar application of exogenous GB via seed or root soaking is considered to be a practical technique to improve plant resilience under stressed conditions and thus prolong, or improve, the yield of essential trading crops grown under both field and controlled environmental conditions [9]. For instance, the enhancement of salt tolerance through the external application of GB in different crops such as rice [10], melon [11], maize [12] wheat [13,14], eggplant [15], okra [16], as well as in ornamental species such as Viburnum lucidum L. and Callistemon citrinus (Curtis) Skeels [17], is well-known.



Amino acids such as G are considered to be osmolytes, nitrogen sources, and hormone precursors [18]. The efficiency of foliar applications of amino acids under saline conditions has been investigated in many crops such as tomato [19], maize [20], and bean [21]. Reviewing previous literature concerning the benefits of the application of amino acid on plants shows that very little is known about the effects of the exogenous application of G in plants. For instance, Badran et al. [22] assessed the consequences of G application on the homeostasis of wheat, reporting an increase of enzymatic and non-enzymatic antioxidants activity, and consequently a decrease in MDA and H2O2 levels. Yang et al. [23] investigated the positive effects of G application on lettuce, noting a significant increase in fresh weight and in the antioxidant activity.



The cultivation of ornamental plants in containers on the southeast coast of Spain has increased in recent years, mainly due to the high demand from consumers [24]. Nevertheless, water supplies in this region are scarce and they have high levels of salinity [25,26], therefore an exhaustive study from an agronomic point of view concerning the ameliorative effects of variable osmolytes and the types of application in the production of ornamental species is necessary. We investigated Dracaena sanderiana Sander, a member of the family Agavaceae, known as “Lucky Bamboo”. It is an evergreen shrubby plant, grown under indoor or outdoor conditions, highly demanded in the export market [27,28]. In the literature, very few studies have focused on the agronomic effects of the exogenous application of GB and G in ornamental plants. Therefore, the purpose of this experiment was to assess the effects of these chemical compounds: G, GB, and a combination of G + GB on growth, pigment concentration, and biochemical parameters in Dracaena sanderiana under different levels of salinity using two modes of application (irrigation and foliar sprays), in order to find out which osmotic adjustment substance and mode of application provides better salt tolerance in this species.




2. Materials and Methods


2.1. Plant Material and Experimental Growing Conditions


Initial single rooted cuttings of Dracaena sanderiana plants (leaf number: 10.3, height: 30.6 cm, and total dry weight: 4.1 g) were transplanted into containers (1.5 L) filled with a combination of sphagnum peat-moss and Perlite 80:20 (v/v) (Figure 1). The experiment was conducted over 8 weeks in a greenhouse belonging to University of Almeria (36°49′ N, 2°24′ W). Records of climatic conditions during the trial were taken from HOBO SHUTTLE sensors (model H 08-004-02). The average temperature was 29.7 ± 2.9 °C, relative humidity (RH) was 59.2 ± 1.6%, and photosynthetically active radiation (PAR) was 290 ± 12.4 µmol m−2 s−1.




2.2. Experimental Design and Treatments


The experimental design consisted of a factorial combination split-plot-plot (2 × 2 × 4), two salinity levels, two modes of application, and four osmotic adjustment substance treatments. Salinity levels were adjusted by the addition of NaCl to attain the electrical conductivity (EC) boundaries in the water for irrigation usually available to growers in this region: low EC, or control treatment, (2.0 dS m−1) (S1), and high EC (7.5 dS m−1) (S2). All osmotic adjustment substances were applied in two ways—by irrigation (F1), and by foliar spraying (F2). The osmotic adjustment substances were: (1) distilled water (control) (C), (2) 25 mM G (G), (3) 25 mM GB (GB), and (4) 25 mM G + 25 mM GB (G + GB).



Plants were irrigated with a standard nutrient solution composed of 0.70 H2PO4−, 6.00 NO3−, 2.00 SO42−, 3.00 K+, 2.00 Ca2+, and 1.40 Mg2+ (expressed in mmol L−1) and amended only with different concentrations of NaCl to achieve EC levels of irrigation water (ECi) of either 2.0 (low EC, 3 mmol L−1 NaCl) or 7.5 (high EC 60 mmol L−1 NaCl) dS m−1. Daily plant irrigation was carried out manually (60 mL). The levels of salinity established in this experiment followed the recommendations given by García-Caparrós et al. [24,26]. Irrigation and foliar applications of G (99% (w/v), Sigma-Aldrich, Darmstadt, Germany), GB (99% (w/v), Sigma-Aldrich, Darmstadt, Germany), or the combination of both compounds (G + GB), as well as the control (distilled water), were carried out weekly during the growing cycle. The concentration of osmotic adjustment substances used was in accord with the recommendations established by other researchers [29,30]. The experiment was laid out in a randomized complete-block design with four replicates per treatment. Each replicate was composed of four plants (one plant per pot) resulting in a total of 64 plants, plus adjacent plants.




2.3. Color Parameters and Photosynthetic Pigment Concentration


Plants were collected, and roots and leaves were cleaned with distilled water at the end of the experimental period (8 weeks) in order to remove G and GB residues added by foliar or irrigation application. The plants were divided into roots (R), stems (S), and leaves (L). These randomly-selected-per-treatment plants were used to determine color parameters and the concentration of photosynthetic pigments. The color index in the light and dark green area in leaf for red (R), green (G), and blue (B) values was assessed using the procedure established by Kim et al. [31]. Briefly, the RGB values were determined using an optical scanner (ES-2000; Seiko Epson Corp., Suwa, Japan) and the pictures were analyzed with Adobe Photoshop CS6 (Adobe System Software, Dublin, Ireland) by averaging the R, G, and B values (adimensional units) of all the leaf pixels. The same plants designated for the determination of leaf color index were also used to determine the concentrations of photosynthetic pigments in the different colored leaf areas. Extraction of chlorophyll a and b (Chl a and Chl b) and carotenoids were performed by submerging 0.2 g of fresh leaves in methanol under darkness at room temperature (15 °C) for 1 day. The supernatant was removed, and the photosynthetic pigment concentrations were determined spectrophotometrically at their appropriate wavelengths Chl a (λ = 666 nm), Chl b (λ = 653 nm), and carotenoids (λ = 470 nm) using a Shimadzu UV-1201 spectrophotometer (Shimadzu Scientific Instruments, Columbia, MD, USA), following the methodology of Wellburn [32].




2.4. Biomass Parameters


At the end of the harvesting, the same plants used to determine color parameters and photosynthetic pigments were used for measurements of growth parameters. Plant height was determined by measuring the distance from the top edge of the container to the last open leaf. The leaf number of each plant was counted directly. The longest root length was then determined, measuring the distance from the crown to the tip of the root. Total leaf area was determined prior to photosynthetic determinations from digitalized images of each plant using the Idrisi Selva computer program (Clark Laboratories, Worcester, MA, USA) as reported by García-Caparrós et al. [25]. The percentage of damage in the leaf area was calculated following the methodology established by Valdes et al. [33] in poinsettia plants grown under saline conditions. The variegation index was determined using the following equation (whole leaf area—green area)/(whole leaf area) according to the methodology proposed by Li et al. [34]. The different fractions of each plant (roots, stems, and leaves) were weighed to determine the fresh weight (FW). These fractions were then oven-dried at 60 °C for 48 h to determine the dry weight (DW). Total dry weight (TDW) was calculated as the sum of the different fractions of each plant (roots, stems, and leaves DW). The water content in plants (WC) (-) was calculated with the fresh and dry weight of the different fractions of plants using the following equation (FW-DW/DW) as indicated by Ben Amor et al. [35].




2.5. Stomatal Density and Dimensions


Stomatal features were analyzed at the end of the experimental period (Figure 2) using 10 leaves per treatment and 5 determinations per leaf. The leaf epidermis was removed by making a shallow cut on the lower surface of the leaf at a right angle to the veins using a razor-sharp blade following the methodology established by Rodriguez and Davies [36]. After fixation of the epidermis in distilled water, stomatal density (expressed as stomata number per mm2) and the length and width of stomata (expressed in µm) were determined using an optical microscope (model Nikon Eclipse E800, Nikon Instruments, Amsterdam, The Netherlands) and a digital camera (model Jenoptik Speed Xt Core 5, Jenoptik, Jena, Germany).




2.6. Biochemical Parameters


At the end of the harvesting, four plants were randomly selected per treatment to determine the following biochemical parameters in leaves (total soluble sugars (TSS), proline, and protein concentrations and antioxidant capacity). Fresh material (0.5 g of leaves) was crushed in 5 mL of 95% (v v−1) ethanol. Then, the pellet was washed with 5 mL of 70% (v v−1) ethanol, being finally centrifuged (model Digicen 21 R) at 3500 g for 10 min. The free proline and total soluble sugars concentrations were determined in the alcoholic extract supernatant. Total soluble sugar concentrations (mg glucose g−1 FW) were assessed by the anthrone reagent method. Free proline concentration (µg g−1 FW) was assessed by the ninhydrin reagent method established by Irigoyen et al. [37]. Protein concentration (mg g−1 FW) was extracted with sodium phosphate buffer (50 mM, pH 7.0) and determined using the methodology reported by Bradford [38]. Total antioxidant capacity (%) was assessed with the methodology established by Hatano et al. [39] using DPPH [2,2-diphenyl-1-picrylhydrazyl] under the extraction with methanol.




2.7. Statistical Analysis


The data presented in the tables are the means and standard deviation (n = 4). The data were subjected to three-way analysis of variance (ANOVA) and least significant difference (LSD) tests. The statistical analysis program used was Statgraphic Plus for Windows (version 5.1).





3. Results


3.1. Plant Growth and Biomass Production


Plant height declined under higher EC in the nutrient solution and showed the highest value under the application of GB, regardless of the mode of application (Table 1). Leaf number was not affected by either the levels of salinity or the mode of application, showing the highest values in plants treated with GB or G + GB. Root length increased under an increase in NaCl in the nutrient solution, and irrigation as the method of application resulted in the longest roots in plants treated with GB or G + GB. Total leaf area decreased under increasing NaCl concentrations, and irrigation as the method of application resulted in the lowest total leaf area in plants treated without the use of any osmotic adjustment substance. The percentages of damage in leaves increased under increasing NaCl concentrations using the irrigation method without the use of any osmotic adjustment substance. The variegation index was affected by none of the factors analyzed in the experiment, with values around 0.58. Total plant dry weight decreased under high EC in the nutrient solution, and plants to which GB was foliarly applied had the highest biomass production. Plant water content was only affected by the mode of application of the osmotic adjustment substances, and it was higher in irrigated plants.




3.2. Color of Leaves


In the light green area of the leaves, the red, green, and blue color decreased in plants grown under increasing NaCl concentrations to which the combination G + GB was applied, regardless of the mode of application (Table 2).



In the dark green area of the leaves, the red, green, and blue color also decreased in plants grown under increasing NaCl concentrations with osmotic adjustment substances applied by irrigation. The lowest values were recorded in plants treated with the combination of G + GB.




3.3. Photosynthetic Pigments


In the light green area of the leaves, chlorophyll a and (a + b) concentrations increased in plants grown under increasing EC in the nutrient solution, and in those to which GB was applied foliarly had the highest concentration of photosynthetic pigments (Table 3). Chlorophyll b concentration decreased under increasing salinity, but remained unchanged regardless of the mode of application and the highest value was recorded in plants treated with G. Carotenoid concentration showed the highest value in plants under saline conditions, without application of osmotic adjustment substances and regardless of the mode of application.



In the dark green area of the leaves, chlorophyll a and (a + b) concentrations increased in plants grown under increasing EC and in those to which GB was applied foliarly. Chlorophyll b concentrations decreased under high EC conditions and irrigation as the method of application, and the highest value was recorded in plants where G was applied. Carotenoid concentration showed the highest value in plants under saline conditions and irrigation as the method of application, without the use of any osmotic adjustment substance.




3.4. Features of Stomata


Stomatal density increased under higher EC in the nutrient solution, and it was highest in plants irrigated with GB. Stomata length showed the lowest value in plants treated with higher EC in the nutrient solution and foliar applications of GB (Table 4). The lowest values of width in stomata were also recorded in plants treated with GB regardless of the level of EC in the nutrient solution and the mode of application.




3.5. Biochemical Parameters


The concentration of total soluble sugars in leaves declined under high EC in the nutrient solution, and it did not vary under the different modes of application. The highest concentration of total soluble sugars was found in plants to which osmotic adjustment substances were not applied at all (Table 5). The highest concentration of free proline was recorded in the leaves of plants treated with G under high EC in the nutrient solution, regardless of the mode of application. The leaf antioxidant capacity decreased with increasing NaCl in the nutrient solution, and foliar application showed the lowest value in plants to which osmotic adjustment substances were not applied. The concentration of proteins was highest in the leaves of plants treated with lower EC in the nutrient solution and to which G was applied foliarly.





4. Discussion


In our experiment, plant height got shorter by high salt. Nevertheless, GB cancelled this negative effect by high salt. Similar results were reported by other researchers, for instance, Rahman et al. [10] noted that GB application reduced damage in rice plants grown under saline conditions, resulting in a slight increase in the height of the plants. Similarly, Osman and Salim [40] reported that the foliar application of GB (25 mM) resulted in an increase in the height of snap beans under salinity. The increase in plant height may be ascribed to the amelioration of salt damages in photosynthesis due to the exogenous application of GB, and consequently the positive effects of this osmotic adjustment substance may result in a higher synthesis of photosynthetic assimilates that are translocated to actively growing and expanding parts of plants promoting the growth.



Leaf number was not affected either by different levels of salinity or by the mode of application of the osmotic adjustment substances, but it was highest in plants treated with GB, or the combination of G + GB. An increase in leaf number under GB application has also been reported in horticultural crops such as lettuce [41], and ornamental plants such as Viburnum lucidum [17]. The increase in leaf number in plants treated with GB may be explained as it was previously commented in plant height.



Root length of D. sanderiana increased under high salinity level and irrigation application being also promoted with the application of GB, or the combination of G + GB. The increase in root length under saline conditions in this species is a feature which is also triggered in some other ornamental plants [42]. Different results were reported by Habib et al. [16], where okra plants showed a significant decrease in root length due to root zone salinity, although the foliar spraying of GB led to an increase in root length in this ornamental plant. The increase in root length in plants treated with GB in our experiment may contribute to a better capacity of nutrient uptake and consequently a greater height and number of leaves, as previously mentioned.



Saline conditions may cause a change in leaf area in ornamental species [43]. Our results showed that under high EC of the nutrient solution there was a reduction in the leaf area. Nevertheless, G and GB ameliorated this effect especially under foliar application. Similar results were reported by Cirillo et al. [17] in Callistemon citrinus, where the increase in NaCl from 1 mM to 200 mM in the nutrient solution resulted in a decrease in leaf area. Nevertheless, in this experiment, irrigation with GB did not show any differences compared to the control treatment sprayed only with distilled water, whereas in our experiment the exogenous application of GB resulted in an increase in leaf area.



The percentage of damage to leaves increased under high salinity. All the osmotic adjustment substances reduced the percentage of damages compared to the control treatment, especially under foliar application. From these results, we hypothesized that foliar GB application may reduce the translocation of toxic ions such as Na and Cl from the root to the shoot region, as suggested by Sobahan et al. [44]. Similar findings were reported by Rahman et al. [10] in salt stressed rice seedlings where irrigation by GB mitigated leaf damage caused by salinity. No applications of osmotic adjustment substances led to a higher percentage of damage in plants and consequently to a significant reduction in leaf area, as happened in our experiment.



Regarding the data acquired in our experiment, it can be highlighted that the variegation index was not affected by any of the factors assessed in this experiment. Other experiments have reported that changes in the variegation index can be related to changing light conditions, although the response tends to be species specific [45]. Foliage crops, including Epipremnum aureum Lindl [46] and Hedera helix L. [47], were more variegated under high light intensity, whereas Dracaena sanderiana and Peperomia obtusifolia L. A. Dietr both shade obligate species, were more variegated when grown under low light [45,48].



In this experiment, the growth of this species under high saline conditions reduced the total plant dry weight. Nevertheless, under the foliar application of GB, the total dry weight of D. sanderiana was ameliorated. The increase in total plant dry weight in this species can be ascribed to the increase in leaf number and plant height, as already mentioned. The reduction in growth and yield is a well-known consequence of the growth of plants under salt stressed conditions [49]. These inhibitory effects may be related to the induced osmotic stress and the toxic effects of the accumulation of ions such as Na+ and Cl−, along with reduced photosynthesis due to the salt stress conditions, as indicated by Athar et al. [50]. The enhancement of total plant dry weight under foliar GB application was in line with the results obtained by other researchers with different crops, such as tomato [51], canola [52], eggplant [15], and okra [16], where foliar GB treatments alleviated salt damage in these species.



In our experiment, plant water content only varied due to the mode of application of the osmotic adjustment substances, being higher in irrigated plants. Similar results were reported by Yang et al. [53], who noted no significant differences in water content in two perennial grass species irrigated with different osmolytes under saline conditions. Conversely, other researchers have reported that the exogenous application of GB improved water potential under salt stress in crops such as maize [12], which can be related to the enhancement of the water flow from roots to shoots by increasing the hydraulic conductivity, as suggested by Hu et al. [29].



As far as color parameters were concerned, there were similar patterns in both areas (light and dark green) assessed in leaves, since R, G, and B values showed the lowest values in plants grown under increasing saline conditions. The decrease of R and G values were improved under the application of glycine and the value of B under the application of GB. In addition, in the dark green leaf area, the mode of application of the osmotic adjustment substances had an effect on color parameters. To the best of our knowledge, there are no literature data concerning the effects of the application of osmotic adjustment substances on RGB values in crops, but there are studies in which RGB imaging have been assessed to assay salinity tolerance [54,55]. Our results suggest that the decrease of RGB values in plants treated with the combination of G and GB may be related to the decrease in the chlorophyll concentration in those leaves, and the highest value of B can be ascribed to the increase in the chlorophyll concentration.



Regarding pigment concentration, under saline conditions there is an increase of chlorophyll a, (a + b) and carotenoids concentration and a decrease in chlorophyll b in both areas studied. The application of GB improved the concentration of chlorophyll a, especially under foliar application, and the application of G increased the concentration of chlorophyll b. These results may suggest a strong relationship between pigment concentration and photosynthetic efficiency, which results in a greater number of leaves and, hence, in total plant dry weight. According to the literature, the application of GB results in an increase in pigment concentration compared to control plants (to which no osmotic adjustment substances have been applied) [56]. Nevertheless, it is necessary to point out that the growth of species under saline conditions had a species-specific response concerning pigment concentration, since several studies reported a decrease under saline conditions [22,57] mainly related to membrane deterioration in chloroplast [58], whereas others reported an increase [59,60] which can be attributed to an increase in the number of chloroplast per unit leaf area, as reported by Chaum and Kirdmanee [61].



With respect to the stomata parameters evaluated in this experiment, it can be highlighted that under saline conditions there was an increase in stomatal density and a decrease in length. Moreover, the application of GB also increased stomatal density but showed a small size (length and width). Nevertheless, G promoted length stomata. The higher stomatal density in plants treated with GB may result in a higher gas exchange and consequently in a higher rate of growth, as occurred in our experiment. In the same vein, the changes in stomatal size and density may be attributed to changes in the size of epidermal cells, resulting in a total smaller area and higher stomatal density, as suggested by Maksimovic et al. [62]. The stomatal narrowing in plants treated with GB can be related to the reduction of water loss during abiotic stress like salinity, as occurred in our experiment.



Biosynthesis and accumulation of osmolytes (compatible with the cell metabolism) is essential for the maintenance of osmotic conditions in plants grown under saline conditions [63]. In our experiment, the concentration of total soluble sugars in leaves was higher in plants under low EC in the nutrient solution, without the application of any osmotic adjustment substance. In our experiment, the concentration of total soluble sugars in leaves decreased under saline conditions and the application of the different osmotic adjustment substances did not increase the concentration of total soluble sugars in leaves. Conversely, other researchers have reported that under saline conditions and foliar application of GB, there was an increase in total soluble sugars in leaves in other crops, such as lettuce and cowpea [57,60]. Likewise, Badran et al. [22] reported an increase of leaf total soluble sugars under G application in wheat grown under increasing saline conditions.



In our experiment, the concentration of free proline in leaves increased under saline conditions. On the same hand, the application of G, regardless of the mode of application, increased leaf proline concentration. These results may suggest that proline could be an adequate osmolyte in this ornamental crop under saline conditions. However, other studies show that there are different and variable results. For instance, an increase in leaf proline concentration has also been reported in response to salt stress and the application of GB compared to control treatments in different crops, such as pepper and soybean [30,64]. These results of increasing proline concentration can be ascribed to the defensive function of GB on some crucial enzymes responsible for the biosynthesis of free proline [65]. There are also reports which noted an increase in proline concentration under salt stressed conditions, but the application of GB led to a decline in proline concentration, for example in perennial ryegrass [29]. These results of decreased proline concentration may be ascribed to the participation of GB in the process of osmotic adjustment, instead of proline accumulation as suggested by Demiral and Turkan [66].



In our experiment, there was a decrease in the antioxidant capacity under high salinity. Nevertheless, G + GB increased the antioxidant capacity, especially under irrigation application. The decrease in the antioxidant capacity in leaves under high EC in the nutrient solution and irrigation, showing the highest value in plants treated without any osmotic adjustment substances, can be associated with the high percentages of damage to leaves reported in plants under the same treatment. The results of our experiment were not in line with the results reported by Mohammed and Tarpley [67], who noted no variations in the antioxidant capacity in leaves of rice under different doses of GB applied through foliar sprays. No variations in antioxidant capacity compared to our experiment could be to the high concentration of GB (580 mM) applied by these researchers.



In our experiment, the concentration of proteins declined under high salinity level. Nevertheless, G increased the leaf protein concentration, especially under foliar application. However, previous studies show different and variable results. Habib et al. [16] reported a decline in leaf protein concentration in okra under saline conditions, but the foliar application of 10 mM GB increased the protein concentration in these plants, whereas Osman and Salim [40] reported no variations in protein concentration under saline conditions and foliar application of GB in snap beans. Considering that GB plays an important role in proteins protection, the results of this experiment may suggest that the concentration of osmotic adjustment substances applied in this species was not enough to maintain this role.




5. Conclusions


The present experiment demonstrated that the exogenous application of osmotic adjustment substances such as GB and G can result in an improvement in the growth of D. sanderiana, where treatment with GB proved to be the most efficient.



Pigment concentrations showed different trends depending on the osmotic adjustment substance applied and the mode of application. Stomatal density and dimensions varied considerably with respect to the osmotic adjustment substance supplied, showing a high stomatal density and consequently reduced length and width in plants treated with GB. The concentration of soluble sugars in leaves did not show a clear trend under the treatments assessed. The application of G resulted in the highest concentration of free proline and proteins in leaves. With respect to the antioxidant capacity in leaves, there was an increase under both osmotic adjustment substances, and both means of application, under low and high saline conditions.



Future research should be focused on the understanding of how these osmotic adjustment substances can affect the nutritional parameters, hormone biosynthesis, and antioxidant metabolism. In this way, it will be possible to achieve a better understanding of the role of G and GB as osmotic adjustment substances in D. sanderiana plants under saline conditions.
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Figure 1. Front view of the experiment. 
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Figure 2. General view of the stomata determinations (a) and detailed view (b) (scale bar = 400 µm). 
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Table 1. Effects of salinity level (S1: low electrical conductivity (EC) (2 dS m−1), S2: high EC (7.5 dS m−1)), mode of application (F1: irrigation, F2: foliar spray), and exogenous application of distilled water (control) (C), 25 mM of glycine (G), 25 mM of glycine betaine (GB), and 25 mM of glycine plus 25 mM of glycine betaine (G + GB) on growth parameters in potted Dracaena sanderiana plants grown in a greenhouse over 8 weeks.
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Growth Parameters




	
Factor

	

	
Plant Height (cm)

	
Leaf Number

	
Root Length (cm)

	
Leaf Area (cm2 plant−1)

	
% Damages

	
Variegation Index

	
Total Plant Dry Weight (g)

	
Plant Water Content (-)






	
A: Levels of Salinity

	
*

	
ns

	
*

	
*

	
*

	
ns

	
*

	
ns




	

	
S1

	
35.39 ± 1.02 a

	
15.62 ± 0.48

	
23.82 ± 0.82 b

	
382.42 ± 8.02 a

	
1.57 ± 0.02 b

	
0.57 ± 0.04

	
7.83 ± 0.20 a

	
3.88 ± 0.15




	

	
S2

	
32.39 ± 0.99 b

	
15.10 ± 0.50

	
27.90 ± 0.90 a

	
364.91 ± 8.41 b

	
1.62 ± 0.02 a

	
0.57 ± 0.04

	
7.24 ± 0.18 b

	
3.99 ± 0.15




	
B: Mode of Application

	
ns

	
ns

	
*

	
*

	
*

	
ns

	
*

	
*




	

	
F1

	
33.46 ± 0.88

	
15.16 ± 0.49

	
26.54 ± 0.94 a

	
368.64 ± 8.02 b

	
1.65 ± 0.02 a

	
0.58 ± 0.04

	
7.17 ± 0.19 b

	
4.13 ± 0.14 a




	

	
F2

	
34.89 ± 0.92

	
15.52 ± 0.50

	
24.18 ± 0.80 b

	
388.68 ± 8.51 a

	
1.52 ± 0.02 b

	
0.58 ± 0.04

	
7.59 ± 0.20 a

	
3.74 ± 0.13 b




	
C: Osmotic Adjustment Substances

	
*

	
*

	
*

	
*

	
*

	
ns

	
*

	
ns




	

	
C

	
34.33 ± 1.02 b

	
14.65 ± 0.46 b

	
24.31 ± 0.79 b

	
348.48 ± 7.38 d

	
1.86 ± 0.03 a

	
0.58 ± 0.04

	
7.13 ± 0.17 b

	
4.01 ± 0.14




	

	
G

	
31.17 ± 0.91 c

	
14.89 ± 0.45 b

	
24.06 ± 0.76 b

	
415.12 ± 9.32 a

	
1.57 ± 0.02 b

	
0.57 ± 0.03

	
7.20 ± 0.15 b

	
3.93 ± 0.13




	

	
GB

	
37.83 ± 0.99 a

	
16.12 ± 0.53 a

	
27.30 ± 0.85 a

	
396.09 ± 8.67 b

	
1.40 ± 0.02 c

	
0.58 ± 0.05

	
8.39 ± 0.22 a

	
3.86 ± 0.15




	

	
G + GB

	
33.38 ± 0.90 bc

	
16.18 ± 0.54 a

	
27.40 ± 0.87 a

	
364.96 ± 8.02 c

	
1.55 ± 0.02 b

	
0.58 ± 0.04

	
7.10 ± 0.15 b

	
3.86 ± 0.14




	
Interaction

	
AB

	
*

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns




	

	
AC

	
*

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns




	

	
BC

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
*

	
*




	

	
ABC

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns








Means with different letters within a column are significantly different at p < 0.05 (analysis of variance and least significant difference test). Ns: indicates non-statistical differences. * indicates statistical differences. n = 4.
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Table 2. Effects of salinity level (S1: low EC (2 dS m−1), S2: high EC (7.5 dS m−1)), mode of application (F1: irrigation, F2: foliar spray), and exogenous application of distilled water (control) (C), 25 mM of glycine (G), 25 mM of glycine betaine (GB), and 25 mM of glycine plus 25 mM of glycine betaine (G + GB) on leaf color in potted Dracaena sanderiana plants grown in a greenhouse over 8 weeks.






Table 2. Effects of salinity level (S1: low EC (2 dS m−1), S2: high EC (7.5 dS m−1)), mode of application (F1: irrigation, F2: foliar spray), and exogenous application of distilled water (control) (C), 25 mM of glycine (G), 25 mM of glycine betaine (GB), and 25 mM of glycine plus 25 mM of glycine betaine (G + GB) on leaf color in potted Dracaena sanderiana plants grown in a greenhouse over 8 weeks.





	
Color of Leaves




	
Factor

	
Light Green Leaf Area

	
Dark Green Leaf Area




	

	
R

	
G

	
B

	
R

	
G

	
B






	
A: Levels of Salinity

	
*

	
*

	
*

	
*

	
*

	
*




	

	
S1

	
141.61 ± 1.41 a

	
155.78 ± 1.36 a

	
63.62 ± 0.76 a

	
103.98 ± 0.91 a

	
123.38 ± 1.21 a

	
56.81 ± 0.51 a




	

	
S2

	
138.49 ± 1.30 b

	
152.17 ± 1.24 b

	
59.98 ± 0.53 b

	
100.67 ± 0.90 b

	
120.25 ± 1.17 b

	
54.61 ± 0.50 b




	
B: Mode of Application

	
ns

	
ns

	
ns

	
*

	
*

	
*




	

	
F1

	
138.10 ± 1.11

	
155.97 ± 1.31

	
61.44 ± 0.71

	
101.24 ± 0.91 b

	
120.35 ± 1.16 b

	
55.31 ± 0.55 b




	

	
F2

	
139.20 ± 1.17

	
156.98 ± 1.36

	
62.16 ± 0.68

	
103.43 ± 0.94 a

	
123.27 ± 1.20 a

	
57.10 ± 0.56 a




	
C: Osmotic Adjustment Substances

	
*

	
*

	
*

	
*

	
*

	
*




	

	
C

	
139.70 ± 1.14 b

	
154.27 ± 1.22 c

	
63.99 ± 0.77 b

	
101.73 ± 0.94 b

	
121.30 ± 1.13 b

	
54.83 ± 0.52 b




	

	
G

	
145.41 ± 1.33 a

	
162.70 ± 1.30 a

	
60.19 ± 0.69 c

	
105.34 ± 0.99 a

	
123.21 ± 1.20 a

	
54.99 ± 0.51 b




	

	
GB

	
140.63 ± 1.22 b

	
158.39 ± 1.19 b

	
66.30 ± 0.80 a

	
102.00 ± 0.95 b

	
121.43 ± 1.12 b

	
57.36 ± 0.57 a




	

	
G + GB

	
134.47 ± 1.25 c

	
151.55 ± 1.11 d

	
54.73 ± 0.56 d

	
99.21 ± 0.91 c

	
118.30 ± 1.09 c

	
51.34 ± 0.50 c




	
Interaction

	
AB

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns




	

	
AC

	
ns

	
*

	
ns

	
*

	
ns

	
ns




	

	
BC

	
ns

	
ns

	
*

	
ns

	
ns

	
*




	

	
ABC

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns








Means with different letters within a column are significantly different at p < 0.05 (analysis of variance and least significant difference test). Ns: indicates non-statistical differences. * indicates statistical differences. n = 4.
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Table 3. Effects of salinity level (S1: low EC (2 dS m−1), S2: high EC (7.5 dS m−1)), mode of application (F1: irrigation, F2: foliar spray), and exogenous application of distilled water (control) (C), 25 mM of glycine (G), 25 mM of glycine betaine (GB), and 25 mM of glycine plus 25 mM of glycine betaine (G + GB) on photosynthetic pigments in the different leaf areas in potted Dracaena sanderiana plants grown in a greenhouse over 8 weeks.






Table 3. Effects of salinity level (S1: low EC (2 dS m−1), S2: high EC (7.5 dS m−1)), mode of application (F1: irrigation, F2: foliar spray), and exogenous application of distilled water (control) (C), 25 mM of glycine (G), 25 mM of glycine betaine (GB), and 25 mM of glycine plus 25 mM of glycine betaine (G + GB) on photosynthetic pigments in the different leaf areas in potted Dracaena sanderiana plants grown in a greenhouse over 8 weeks.





	
Photosynthetic Pigments (mg g−1 FW)




	
Factor

	

	
Light Green Area

	
Dark Green Area




	

	

	
Chl a

	
Chl b

	
Chl (a + b)

	
Carotenoids

	
Chl a

	
Chl b

	
Chl (a + b)

	
Carotenoids






	
A: Levels of Salinity

	
*

	
*

	
*

	
*

	
*

	
*

	
*

	
*




	

	
S1

	
0.53 ± 0.05 b

	
0.20 ± 0.02 a

	
0.70 ± 0.05 b

	
0.15 ± 0.02 b

	
0.91 ± 0.06 b

	
0.78 ± 0.05 a

	
1.69 ± 0.06 b

	
0.07 ± 0.01 b




	

	
S2

	
0.69 ± 0.06 a

	
0.11 ± 0.01 b

	
0.81 ± 0.05 a

	
0.21 ± 0.02 a

	
1.14 ± 0.06 a

	
0.67 ± 0.05 b

	
1.82 ± 0.06 a

	
0.15 ± 0.02 a




	
B: Mode of Application

	
*

	
ns

	
*

	
ns

	
*

	
*

	
*

	
*




	

	
F1

	
0.35 ± 0.04 b

	
0.16 ± 0.02

	
0.51 ± 0.05 b

	
0.18 ± 0.02

	
0.90 ± 0.06 b

	
0.64 ± 0.05 b

	
1.58 ± 0.06 b

	
0.09 ± 0.01 b




	

	
F2

	
0.57 ± 0.05 a

	
0.15 ± 0.02

	
0.72 ± 0.06 a

	
0.18 ± 0.02

	
1.07 ± 0.06 a

	
0.75 ± 0.05 a

	
1.77 ± 0.07 a

	
0.13 ± 0.02 a




	
C: Osmotic Adjustment Substances

	
*

	
*

	
*

	
*

	
*

	
*

	
*

	
*




	

	
C

	
0.69 ± 0.05 b

	
0.19 ± 0.02 b

	
0.83 ± 0.07 b

	
0.24 ± 0.02 a

	
0.97 ± 0.07 b

	
0.64 ± 0.04 c

	
1.60 ± 0.08 b

	
0.13 ± 0.01 a




	

	
G

	
0.59 ± 0.04 c

	
0.24 ± 0.02 a

	
0.84 ± 0.07 b

	
0.13 ± 0.01 d

	
0.97 ± 0.07 b

	
0.83 ± 0.05 a

	
1.58 ± 0.08 b

	
0.05 ± 0.01 c




	

	
GB

	
0.81 ± 0.06 a

	
0.18 ± 0.02 b

	
0.99 ± 0.07 a

	
0.16 ± 0.01 c

	
1.13 ± 0.08 a

	
0.71 ± 0.05 b

	
1.80 ± 0.08 a

	
0.09 ± 0.01 b




	

	
G + GB

	
0.42 ± 0.04 d

	
0.10 ± 0.01 c

	
0.51 ± 0.05 c

	
0.19 ± 0.01 b

	
0.82 ± 0.07 c

	
0.53 ± 0.04 d

	
1.36 ± 0.07 c

	
0.08 ± 0.01 b




	
Interaction

	
AB

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns




	

	
AC

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns




	

	
BC

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns




	

	
ABC

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns

	
ns








Means with different letters within a column are significantly different at p < 0.05 (analysis of variance and least significant difference test). Ns: indicates non-statistical differences. * indicates statistical differences. n = 4.
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Table 4. Effects of salinity level (S1: low EC (2 dS m−1), S2: high EC (7.5 dS m−1)), mode of application (F1: irrigation, F2: foliar spray), and exogenous application of distilled water (control) (C), 25 mM of glycine (G), 25 mM of glycine betaine (GB), and 25 mM of glycine plus 25 mM of glycine betaine (G + GB) on stomatal parameters in potted Dracaena sanderiana plants grown in a greenhouse over 8 weeks.
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Stomatal Parameters




	
Factor

	

	
Stomatal Density (Stomata Number per Mm2)

	
Length (µm)

	
Width (µm)






	
A: Levels of Salinity

	
*

	
*

	
ns




	

	
S1

	
19.69 ± 0.78 b

	
31.94 ± 0.23 a

	
27.32 ± 0.20




	

	
S2

	
21.42 ± 0.81 a

	
31.41 ± 0.21 b

	
27.43 ± 0.22




	
B: Mode of Application

	
*

	
*

	
ns




	

	
F1

	
21.44 ± 0.77 a

	
31.43 ± 0.20 b

	
27.37 ± 0.24




	

	
F2

	
19.67 ± 0.75 b

	
31.92 ± 0.21 a

	
27.39 ± 0.24




	
C: Osmotic Adjustment Substances

	
*

	
*

	
*




	

	
C

	
18.64 ± 0.78 c

	
31.87 ± 0.23 b

	
28.55 ± 0.25 a




	

	
G

	
20.40 ± 0.76 b

	
32.89 ± 0.26 a

	
28.01 ± 0.25 b




	

	
GB

	
22.72 ± 0.80 a

	
30.18 ± 0.20 d

	
26.29 ± 0.22 d




	

	
G + GB

	
20.46 ± 0.79 b

	
31.36 ± 0.20 c

	
26.96 ± 0.23 c




	
Interaction

	
AB

	
ns

	
ns

	
ns




	

	
AC

	
ns

	
ns

	
ns




	

	
BC

	
ns

	
ns

	
ns




	

	
ABC

	
ns

	
ns

	
ns








Means with different letters within a column are significantly different at p < 0.05 (analysis of variance and least significant difference test). Ns: indicates non-statistical differences. * indicates statistical differences. n = 4.
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Table 5. Effects of salinity level (S1: low EC (2 dS m−1), S2: high EC (7.5 dS m−1)), mode of application (F1: irrigation, F2: foliar spray), and exogenous application of distilled water (control) (C), 25 mM of glycine (G), 25 mM of glycine betaine (GB), and 25 mM of glycine plus 25 mM of glycine betaine (G + GB) on biochemical parameters in potted Dracaena sanderiana plants grown in a greenhouse over 8 weeks.






Table 5. Effects of salinity level (S1: low EC (2 dS m−1), S2: high EC (7.5 dS m−1)), mode of application (F1: irrigation, F2: foliar spray), and exogenous application of distilled water (control) (C), 25 mM of glycine (G), 25 mM of glycine betaine (GB), and 25 mM of glycine plus 25 mM of glycine betaine (G + GB) on biochemical parameters in potted Dracaena sanderiana plants grown in a greenhouse over 8 weeks.





	
Biochemical Parameters




	
Factor

	

	
TSS (µg g−1 FW)

	
Proline (µg g−1 FW)

	
Antioxidant Capacity (%)

	
Proteins (mg g−1 FW)






	
A: Levels of Salinity

	
*

	
*

	
*

	
*




	

	
S1

	
39.58 ± 1.51 a

	
6.95 ± 0.03 b

	
89.63 ± 3.72 a

	
38.10 ± 1.75 a




	

	
S2

	
36.38 ± 1.43 b

	
7.04 ± 0.03 a

	
81.19 ± 3.43 b

	
32.33 ± 1.61 b




	
B: Mode of Application

	
ns

	
ns

	
*

	
*




	

	
F1

	
39.69 ± 1.48

	
6.97 ± 0.03

	
89.08 ± 3.61 a

	
31.64 ± 1.47 b




	

	
F2

	
38.26 ± 1.44

	
6.98 ± 0.03

	
81.74 ± 3.40 b

	
38.79 ± 1.55 a




	
C: Osmotic Adjustment Substances

	
*

	
*

	
*

	
*




	

	
C

	
42.04 ± 1.88 a

	
6.93 ± 0.03 b

	
76.67 ± 3.23 c

	
41.28 ± 1.61 b




	

	
G

	
36.83 ± 1.40 b

	
7.02 ± 0.04 a

	
84.22 ± 3.58 b

	
46.03 ± 1.65 a




	

	
GB

	
37.29 ± 1.38 b

	
6.94 ± 0.03 b

	
83.82 ± 3.61 b

	
31.05 ± 1.35 c




	

	
G + GB

	
36.73 ± 1.35 b

	
6.91 ± 0.03 b

	
97.49 ± 4.02 a

	
24.49 ± 1.22 d




	
Interaction

	
AB

	
ns

	
ns

	
ns

	
ns




	

	
AC

	
*

	
ns

	
ns

	
ns




	

	
BC

	
ns

	
ns

	
ns

	
ns




	

	
ABC

	
ns

	
ns

	
ns

	
ns








Means with different letters within a column are significantly different at p < 0.05 (analysis of variance and least significant. difference test). Ns: indicates non-statistical differences. * indicates statistical differences. n = 4.
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