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Abstract

:

Water salinity is a critical cause of the decrease in quality of fodder plants. The use of saline water as an alternative to fresh water requires the production of elite plant varieties that can tolerate excess amounts of sodium chloride. In this study, we evaluated six genotypes of barley (Hordeum vulgare L.) used as sprout fodder for their tolerance to saline water conditions. The six genotypes were tested for their germination vigor, α-amylase activity, root system architecture (RSA) phenotyping, relative water content (RWC), chlorophyll content (ChC), reactive oxygen species accumulation (ROS), and total antioxidant capacity. Increasing the salt concentration caused a significant decrease in the germination time, α-amylase activity, germination percentage, ChC, and RWC of all the genotypes, but significant differences in the RSA and ChC were detected. In addition, the plasticity of these characteristics at the seedling stage increased their potential to select varieties that could produce high amounts of green fodder when fresh water alternatives are used. Strong and positive correlations were detected between the green carpet formed under the salt treatment and ChC at the seedling stage for a local genotype and G134.
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1. Introduction


The world’s growing population has triggered an increase in the demand for food and feed production, and the use of different water types and alternative irrigation systems is considered an important and sustainable solution due to the shortage and limitations of fresh water as well as the salinity of water in many regions, especially in the arid and semi-arid ones. Livestock rearing in arid and semi-arid regions, including the study area in Saudi Arabia, faces great challenges, the most important of which is securing fodder. This is due to the scarcity of irrigation water as well as climatic fluctuations, which have caused the low productivity of natural pastures. The climate of the Kingdom of Saudi Arabia is characterized by very low rainfall and high temperatures in most regions of the country [1], and along with climatic fluctuations, it affects the cultivation and production of forage. The preservation of groundwater resources is also strategically important in arid regions. Hence, it has become necessary to search for suitable alternative means of securing fodder for livestock. The Saudi government is currently developing and supporting alternative projects devoted to the production of fodder, which uses large amounts of irrigation water, in order to reduce field cultivation as much as possible. One of the most important of these alternatives is the production of green fodder using hydroponics, a technique whose use has recently been expanded and developed in Saudi Arabia. This forage production system, which is not affected by weather conditions nor by the nature of the soil, can reduce the gap in the supply of forage in arid regions [2]. Feeding livestock with hydroponic fodder is also considered safe and healthy as no pesticides or fertilizers are added to it [3]. Hydroponic fodder can be produced from many grains such as barley, maize, wheat, oat, and rye [4].



Hydroponic green fodder (GF) is produced from forage grains that are germinated and grown inside special growing rooms with appropriate growing conditions for a short period of time [5]. Barley (Hordeum vulgare L.) is the most widely used species in the production of green fodder with hydroponics [6]. It is worth noting that sprouting one kg of barley grain in a hydroponic system has the advantage of producing up to 10 kg of fresh green fodder in 8 days, at any time of year [7], in addition to its shorter growth cycle from seed to green forage, which can be extended to 7–8 days [8]. The production of hydroponically sprouted barley has been recommended for arid and semi-arid regions due to its high efficiency in water use [9]. The sprouting of grains increases total protein, sugars, certain vitamins, crude fiber, and minerals [10]. Moreover, when animals feed on sprouted barley fodder, the benefits from it are higher compared to when they feed on dry barley grains. This is because the efficiency of digesting sprouted barley grains is high compared to the digestion of dry grains due to the activation of hydrolytic enzymes during the grain sprouting process [11]. In addition to the aforementioned nutritional benefits, green hydroponic fodder is highly palatable to animals, and its production process is economical and inexpensive [12]. Salo [13] indicated that feeding with hydroponic fodder increases the productivity of dairy cows due to the increase in the proportion of digested materials. Agius et al. [14] also studied the effect of feeding with hydroponic fodder on the quality of milk and concluded that the quality of milk components improved when the animals fed on hydroponic barley fodder.



The salinity of the irrigation water leads to a decrease in crop yield and affects the germination of crop seeds in varying proportions [15]. The effect of irrigation water salinity on cereal crops differs according to the species, as barley is more tolerant to water salinity than wheat. It also varies according to the barley cultivar [16].



Glycophytes are greatly affected by salinity; this results in the uptake and accumulation of salt ions in plant cells, which leads to a decrease in seed germination due to the inhibition of α-amylase activity [17,18]. It also leads to a reduction in plant growth, either by creating osmotic stress or by specific ion toxicity, thus resulting in cell division and elongation inhibition due to disturbances in plant metabolism [19,20]. In general, the uptake of most of the important macro and micro elements is inhibited by salinity treatments through the apoplastic route [21,22]. The significance of this apoplastic flow varies across species and environmental conditions [23], wherein salt tolerance involves the prevention of salt leakage along the apoplast, through the endodermal barrier of root cells and subsequently to the stele and xylem [24,25,26].



The extension of the root system of sprouted barley plays an essential role in the increase in ash content from day 4 due to the enhanced mineral uptake [27]. Moreover, roots represent an unneglectable part of the dry matter of the sprouted carpet. Functionally, plant roots are characterized by the presence of a meristematic and elongation zone, in which the rate of cell division is high and reactive oxygen species (ROS) serve as signaling molecules, which is the same as the functional role of hormones [28]. The overproduction of ROS is potentially harmful as they are regarded as the regulators of cellular component damage and irreparable metabolic dysfunction, which consequently results in mitochondrial dysfunction and programed cell death [29]. The enzymatic activity of superoxide dismutase in wheat plants results in primary root elongation under osmotic stress [30]. Selection according to RSA plasticity under stressful conditions has become a point of interest in the production of elite varieties and has led to improved water and nutrient consumption and adaptation to abiotic stresses [31]. As it is an image-based system, RSA phenotyping has become a high-throughput technique that can shorten the time required to evaluate a high number of genotype sets [32,33].



Hydroponically produced green forage and its use can be a solution to the lack of fresh forage and fresh water, which are common problems in many parts of Saudi Arabia. Since hydroponic green sprout production requires germination and growth vigor varieties with highly branched roots in order to form the root layer, which is very important in retaining water and supporting seedling growth, this study assessed the suitability of some barley genotypes to tolerate salinity stress resulting from the use of alternative water sources. In the study area, the alternative water source is usually well water, which is often salty to varying degrees. This objective is achieved through the assessment of the α-amylase activity, RSA plasticity after salinity treatment, the ability of the adapted roots to scavenge accumulated cellular ROS, and finally genotype suitability to sprout in salt water.




2. Materials and Methods


2.1. Germination Test


The genotypes of the barley (Hordeum vulgare L.) seeds used in this study were the following: the local cultivar Qasimi and the five cultivars Giza 123 (G123), Giza 124 (G124), Giza 132 (G132), Giza 134 (G134), and Giza 2000 (G2000). The Giza cultivars were obtained from the Barley Research Department, Field Crops Research Institute, Agriculture Research Centre, Egypt. Grains were sterilized with a sodium hypochlorite solution (5%) for 10 min and then washed 3 times with sterilized distilled water. Fifty seeds were then germinated in 9 cm-diameter Petri dishes and supplemented with 25% MS solution; the pH was adjusted to 5.8–6.0 with three treatments: 0 mM (control), 50 mM (S1), and 100 mM (S2) NaCl; three replicates were performed for each treatment. The pH was adjusted to 5.8 –6.0 using potassium hydroxide (KOH). The beginning of germination was considered as the emergence of the radicle after 4 days; it was performed in a growth chamber with a light cycle of 15 h light and 9 h dark, and temperatures of 20 °C for day and 16 °C for night. The germination percentage was recorded after a period of 8 days.




2.2. α-Amylase Activity Assay


To assess the α-amylase (EC 3.2.1.1) activity, the seeds of the six genotypes were germinated in three salinity treatments (MS medium 0, MS supplemented with 50 mM NaCl, MS supplemented with 100 mM NaCl). Forty-eight hours after sowing, fifteen seeds from each Petri dish were removed, washed, and rubbed between paper towels to remove excess water from the surface. The seeds were ground in 100 mL pre-cooled distilled water and then homogenized. The mixture was cooled in a 5 °C bath for 12 min, filtered, and then centrifuged at 10,000× g at 3 °C for 15 min. The clear supernatant was separated to assay the α-amylase activity using the dinitrosalicylic acid method established in [34]. To inactivate β-amylase, the supernatant was preheated at 70 °C for 15 min. Then, a 1% starch solution was prepared by dissolving 1 gm of soluble starch in a sodium acetate buffer. The pH was subsequently adjusted to 5.6 before incubating the solution at 40 °C for 15 min and pre-cooling it to 25 °C. After that, a 1:1 volume mixture of the supernatant and the 1% starch solution were incubated in a test tube for 3 min. Then, 0.5 mL of 3 5-dinitrosalicylic acid in water was added to the mixture, and the test tube was incubated in boiling water for 5 min. Finally, the tube was allowed to cool for 45 min. The absorbance was measured using Ultrospec 2100 pro UV/Visible 153 spectrophotometer (Amercham Biosciences, Piscataway, NJ, USA) at 540 nm, with maltose as the reducing sugar standard. The activity of one unit of α-amylase can be defined as the produced μ-moles of maltose per minute.




2.3. Barley Sprouts Materials and Experimental Design


A kilogram of seed for each genotype was sprouted in trays and subjected to three treatments—0 (control), 50 (S1), and 100 (S2) mM NaCl—in an automated hydroponic chamber with sprayer irrigation, a LED lighting system, and a capacity of 18 trays with the size of 70 × 30 × 5 cm (Figure 1). The growth chamber was set to a light cycle of 16 h light and 8 h dark, and day/night temperatures of 21–22/17–19 °C for 8 days. Sterilized seeds (as mentioned above) were soaked in tap water overnight (nearly 10 h), spread in the trays, and then manually irrigated with a salt solution every 8 h/day. Green fodder carpets were then removed from the chamber and weighed to measure the fresh yield. The fresh green leaves were subsequently dried in an oven at 60 °C for 48 h. The dry weight of each carpet was measured.




2.4. Chlorophyll Content (ChC)


Total chlorophyll content (ChC) was measured following the extraction. Fresh leaves (in three replicates for each treatment) were ground in liquid nitrogen at about 10 mg FW−1 each, which were then placed in 15 mL falcon tubes, homogenized with 80% (v/v) ethanol using a rocking shaker, incubated at 4 °C for 72 h, and then centrifuged at 7000× g for 5 min. The supernatant was transferred into new tubes and measured using an Ultrospec 2100 pro UV/Visible spectrophotometer (Amercham Biosciences). Following the method described by [35], the total chlorophyll content was calculated as follows:



TC = [20.2 × (A645) + 8.02 × (A663)]. The ChC was expressed as mg/g weight.




2.5. Relative Water Content (RWC)


After the 8th day of barley growth, the relative water content (RWC) of the barley leaves was measured using following the formula: RWC = [(FW − DW)/(SW − DW)] × 100%. Fresh weight (FW) was measured first, and then the leaves were saturated for 48 h in double distilled water. Saturated weight (SW) was subsequently measured, and then the leaves were dried. Finally, dry weight was measured.




2.6. RSA Trait Measurements


Twenty seedlings of each genotype were sprouted in a magenta box as an experimental unit. The boxes were incubated in the growth chamber under the same sprouting growth conditions and salt concentrations. The experiment consisted of three treatments (control, S1 and S2) with three replicates for each genotype. The sampling of roots was carried out by randomly selecting one seedling from each genotype from each box; toluidine red was used to stain the roots, as described by [29]. Then, the roots were spread on a glass sheet, and the excess staining solution was removed carefully using tissue paper. Finally, the roots were scanned using a flatbed scanner and read with the WinRHIZO software (V5.0, Regent Instruments, Quebec City, QC, Canada) The RSA functional traits, including total root length (TRL), lateral root number (LRN), and root volume (RV), were determined.




2.7. Histochemical Staining


Three replicates of root tips from each carpet were selected for the measurement of the generated ROS, as described by Saquib et al. [36]. A staining mixture was prepared using 0.25 μM DCFH-DA in 1 × PBS buffer. The root tips were incubated in the staining mixture for 20 min and washed twice using the PBS buffer. Finally, the root tips were imaged using a fluorescence microscope (Nikon 136 Eclipse 80i, Tokyo, Japan).




2.8. Antioxidant Activity Determination


The antioxidant activity was determined by calculating the IC50 value, defined as the amount of sample (weight) necessary to reduce the stable radical DPPH (Sigma–Aldrich, Merck KGaA, Darmstadt, Germany) by 50%. The IC50 value was calculated as described by Sharma and Bhat [37]; a 1:1 reaction mix of 0.15 mM DPPH and the root crude extract (from the control and different treatments) at various dilutions in methanol (150, 250, 500, 750, and 1000 mg mL−1) were prepared. The tubes were kept in the dark at room temperature for 1 h. At 517 nm wave length, the absorbance of the reaction mixture was measured using an Ultrospec 2100 pro UV/Visible 153 spectrophotometer (Amercham Biosciences). The control sample was prepared using only methanol, without the tissue extract, and the same steps were followed. The antioxidant activity was calculated using the following equation:


Radical scavenging activity (%) = [1 − (Absorbance treatment/Absorbance control)] × 100.












2.9. Statistical Analysis


All the experiments were designed with three replicates for each genotype. The data of all morphological and physiological traits and antioxidant activity were analyzed with two-way ANOVA tests using the XLSTAT statistical package (Version 2018, Excel Add-ins soft SARL, New York, NY, USA). The mean values were compared using Duncan’s multiple range test at a probability level of 0.05.





3. Results


3.1. Germination Test and the α-Amylase Activity Assay


An in vitro experiment was conducted to investigate the effect of different concentrations of salt (0, 50 mM, and 100 mM NaCl) on the germination of six barley genotypes. All the genotypes were significantly affected after exposure to saline water, but under the S100 treatment, G134 showed the highest germination rate, while G123 showed the lowest germination rate under S100 (Figure 2A).



As expected, after the genotypes were exposed to NaCl stress for 72 h, a marked decrease in α-amylase activity was observed in the salinity treatments compared to the control with the exception of G124 and the local genotypes, which presented stable α-amylase activity under the S1 treatment.



Meanwhile, under the S2 treatment, the G134 genotype had the highest α-amylase activity, followed by the local genotype. In general, the activity of the enzyme was reduced by increasing the salinity level. However, this reduction was not equal and was dependent on the genetic background. G123 had the maximum reduction under both treatments, and the minimum reduction for the high treatment was recorded for G134 (Figure 2B).




3.2. Chlorophyll Content (Chl Cnt) and Relative Water Content (RWC)


The different NaCl concentrations had a significant effect on the chlorophyll content of some barley genotypes tested, such as G123 and G132 (Figure 3A). However, the other genotypes were not affected and presented enhanced chlorophyll content under a different salinity level compared to the previous two genotypes (Figure 3A), which may be due to the maintenance of the high chlorophyll content despite the reduction in the green part of the sprouts. The results presented in Figure 3B show that spraying barley using water with different salinity levels affected the RWC negatively, and that a gradual decrease was noticed for all genotypes due to the increase in the salinity level. Meanwhile, the genotypes G123 and G132 showed lower values for RWC under the S2 treatment.




3.3. RSA Trait Measurements


RSA is known to be strongly affected by stressful conditions. The ANOVA test showed the significant differences in the RSA traits caused by different levels of salt stress that the studied genotypes had undergone compared to the control conditions (Figure 4). The ability of the genotypes to maintain better RSA traits under the salt stress conditions was assessed. Upon increasing the salinity level, a gradual decrease in all the traits was observed. However, with the progressive increase in the salinity potential in the magenta box, the G123 showed the maximum reduction in all measured traits, while the local genotype maintained a steep reduction in both the TRL and RV. Overall, the G134 showed the maximum values for all traits under all treatments, while a significant decrease occurred in the LRN.




3.4. Histochemical Staining


The visualization of H2O2 in roots subjected to the highest salinity level with H2DCFDA fluorescence showed a differential distribution of the stain in the roots of the six genotypes. However, the fluorescence of the G134 and local genotypes (Figure 5D,F) was lighter than that of the other four genotypes. Under salt stress, both the G134 and local genotypes were able to scavenge the overproduction ROS in the root zones, while the other four genotypes revealed a non-typical pattern for the DCF fluorescence.




3.5. Antioxidant Activity Determination


The salinity treatment considerably induced the plant redox system. Our results showed that the root extracts of all the genotypes exhibited a significant rise in their total antioxidant capacity under high salt treatment compared to the control. Based on the results, G134, G123, and the local genotypes showed lower IC50 values under the salt stress treatment (Figure 6). G2000, G124, and G132 showed higher IC50 values under the same conditions (Figure 6). In addition, the genotypes G134 and G123 maintained the highest scavenging activity among all the genotypes under the high salt treatment, unlike G2000, which showed the lowest scavenging capacity under salt stress. Table 1 shows percentage of decrease in calculated IC50 for barley root extract value between control and salt treatment (S2) of each genotype, where genotype G123 displayed the highest percentage while genotype G2000 displayed the lowest.





4. Discussion


The extenuation of the effects of salinity through the use of elite varieties is in high demand in food and feed production for sustainable agriculture. The exposure of crop plants to salinity has been observed to decrease seed germination [37], barley seedling growth, final biomass, and chlorophyll content as well as induce oxidative stress [38]. However, it was evident that using tolerant genotypes helped to overcome salinity stress and improved barley growth [39]. The consequential progress of the germination process was achieved through three main phases: (1) water uptake, (2) lipid and starch catabolism, (3) and radicle emergence [20]. The α-amylase enzyme promoted starch hydrolysis, which is considered to be the main source of ATP [40]. At this stage, salinity caused metabolic processes to be unbalanced and restricted cellular growth and tissue expansion. Thus, we hypothesized that α-amylase activity could provide useful information about the tolerant genotypes at the early growth stage when early and vigorous sprouting occurs. The α-amylase activity and total seed germination percentage significantly decreased with an increase in the salinity level. However, the G134 and local genotypes presented a lesser reduction in the α-amylase activity compared with the other genotypes (Figure 2A,B). Furthermore, we observed that the genotypes (as G134) that showed high α-amylase activity presented highest germination rate compared to those that demonstrated decreased α-amylase activity. This indicated that the adapted genotypes (G134 and Local) show a tolerance to salt at the early growth stage due to sufficient water uptake by the seeds and the increasing occurrence of starch hydrolysis into soluble sugars. The increased amount of soluble sugars provides osmotic protection to the germinated seeds in addition to maintaining better turgidity in the emerged radical [41,42]. Consequently, it seems that the α-amylase activity in the adapted genotypes stimulated the hydrolysis of the mobilized starch into soluble sugars, which can provide energy during germination and counter the deleterious effects of osmotic stress during cell expansion after the radicle’s emergence.



Salinity stress induces an increase in Na + ion accumulation in the plant leaves, which provokes a considerable reduction in chlorophyll synthesis and leaf water content [43]. Barley is being used as a green fodder because of the high values of its grass juice factor and chlorophyll content, both of which improve livestock performance [44,45,46]. Thus, chlorophyll content is highly interesting under stresses such as salinity, as it was determined that salinity stress triggers a decline in stomatal conductance and photosynthesis [47] in addition to the ionic effect of excess amounts of Na+ and Cl−, which reduces the amount of photosynthetic pigments and enhances the role of oxidative burst as a secondary stress of salinity [48]. Usually, stomatal closure occurs with the onset of harsh conditions in order to save more water [49]. Our results showed that G123 and G132 were the genotypes that experienced the highest reduction in chlorophyll content, while the other genotypes did not present any significant effects on the chlorophyll content (Figure 3A). Moreover, our results showed that the genotypes G123 and G132 had significantly lower RWC percentages under the salinity treatment compared to the other genotypes (Figure 3B). There may be several reasons for the decreased chlorophyll content and RWC of the sensitive genotypes, including ion toxicity and osmotic imbalance between the stroma and chloroplast, which alter the electron transport activity and subsequently reduce the photosynthetic efficiency [50,51,52]. Our results for the sensitive genotypes suggest that stomatal closure possibly led to a reduction in the water absorption, which was accompanied by a decrease in the RSA traits (Figure 4B–D). It has been reported that salinity reduces the RWC due to the stomatal closure, which alters the photosynthesis and leads to low water uptake [53]; this could explain our results.



A well-developed RSA is correlated with a healthy and vigorous shoot system [54]. The RV, LRN, and TRL are some of the most important RSA traits for water and nutrient absorption [55] in addition to being responsible for a significant part of the dry matter in the sprout carpet. However, salinity results in a reduction in RSA traits, such as TRL, LRN, and RV, in sensitive genotypes [55,56,57]. RSA plasticity is considered to be a good morphological indicator that can help to differentiate between tolerant and sensitive genotypes under most stresses. This study showed that G134 presented the highest values for all measured traits under the control and all salinity levels, followed by the local genotype and G2000, G123, and G124. Thus, a vigorous RSA leads to high root and shoot biomass, and, in turn, a high carpet biomass (Figure 4B–D).



Salinity triggers the overproduction of ROS, which is first produced as a signal molecule. Then, the increased accumulation causes oxidative damage, which interrupts normal cell functioning and robustly reduces plant growth and productivity [58]. Extended salt stress causes an oxidative burst, which leads to the overproduction of ROS and causes damage to the membranes. Membrane integrity plays an essential role in the salt stress [48]. Under such conditions, the plant’s existence relies on certain key factors, including changes in the growth conditions, stress severity and duration, and, more importantly, the innate potential of plants to adapt to changing growth and environmental conditions. It has been well established that crop plants growing under stressful environmental conditions exhibit an up-regulated antioxidant defense system for the protection of major cellular pathways from free radical-triggered oxidative damage [43,59]. ROS plays different roles in root development, such as root gravitropism, cell elongation, differentiation, and lateral root formation [60,61], and its overproduction can lead to a decrease in the RSA traits [62]. In this context, the innate antioxidant defense system of plants has been the main target of present research on the sustainable production of forage and crops. In accordance with previous results, the visualization of ROS using DCF-DA staining showed normal fluorescence with the adapted genotype G134 and the local (Figure 5D,F) genotypes under severe stress, while sensitive genotypes showed high fluorescence intensity under the same conditions (Figure 5A–C,E). These results are in agreement with the DPPH quantification assay of the root crude extract in response to the total antioxidant capacity (Figure 6), which can explain the RSA reduction in the sensitive genotypes under saline conditions. The total antioxidant capacity of the roots of sensitive genotypes (G123) showed high IC50 values, which reflect a lower antioxidant capacity. On the other hand, the tolerant genotypes (G134) exhibited a low IC50, reflecting the high scavenging potential of the excess amount of ROS, which could cause damage to the root cell components. It has been reported that the overproduction of free radicals in the primary roots of maize (Zea mays) causes the inhibition of elongation [63]. In this study, a high scavenging potential was observed in the tolerant genotypes under the high salinity stress treatment, which presented a low fluorescence intensity for DCF-DA. Meanwhile, the sensitive genotypes presented the accumulation of high amounts of ROS with a high reduction in RSA traits and a lower scavenging potential under the high salinity stress treatment, in accordance with the results of [64].




5. Conclusions


Using saline water as an alternative to fresh water for the production of hydroponic barley could lead to salinity stress and result in oxidative imbalance, followed by a significant decrease in RSA traits, chlorophyll content, and RWC. Our results showed that the overproduction of ROS can trigger a high depression in the fodder carpet via the decrease in RSA traits such as RV, TRL, and LRN, which are considered to be important components of the root carpet. The tolerant genotypes showed high antioxidant activity, which reflects the importance of the redox system in controlling ROS overproduction. Future studies will focus on the quality and nutrient contents of the barley carpet irrigated with saline water.
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Figure 1. The six barley genotypes after germination in 70 × 30 × 5 cm trays: grown in growth chambers for 8 days, irrigated with 0 mM (control), 50 mM (S1), and 100 mM (S2) NaCl. 
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Figure 2. (A) Germination rate and (B) the reduction in α-amylase activity caused by NaCl stress. Barley seeds were germinated in 0 (control), 50 mM, and 100 mM NaCl. After treatment for 48 h, α-amylase activity was detected in 15 grains. * Means significant difference between the genotypes at probability level of 0.05. 
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Figure 3. The effect of different NaCl concentrations on the chlorophyll content of the leaves (A) after 8 days of sprouting and (B) the RWC. * Means significant difference between the genotypes at probability level of 0.05. 






Figure 3. The effect of different NaCl concentrations on the chlorophyll content of the leaves (A) after 8 days of sprouting and (B) the RWC. * Means significant difference between the genotypes at probability level of 0.05.



[image: Agronomy 13 01135 g003]







[image: Agronomy 13 01135 g004 550] 





Figure 4. Selected stained root for photo scanning and analyzing of control and salinity levels of all genotypes, respectively (A). Effect of different salinity levels on the RSA of six barley genotypes (B–D). The 8-day-old barley seedlings that were grown in the magenta box and stained with toluidine red. Means significant difference between the genotypes at probability level of 0.05. 
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Figure 5. Effect of different salinity levels on ROS accumulation in the apical meristem of 8-day-old barley genotypes. The seedlings grown in the magenta box and roots were stained using H2DCFDA. 
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Figure 6. Calculated IC50 for barley root extracts, demonstrating a genotype × treatment interaction (p = 0.0001). Data points within genotypes and treatments that have the same letter are not significantly different at a 95% level of confidence. 
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Table 1. Percentage of decrease in calculated IC50 for barley root extract value between control and salt treatment (S2) of each genotype.
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	Genotype
	Control
	S2
	Control-S2
	Control-S2 (%)





	G123
	32.42
	5.42
	27
	83.28



	G124
	22.37
	11.72
	10.65
	47.61



	G132
	55.66
	12.76
	42.9
	77.08



	G134
	15.09
	2.29
	12.8
	84.82



	G2000
	33.01
	25.27
	7.74
	23.45



	Local
	34.27
	7.33
	26.94
	78.61
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