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Abstract

:

The current study was conducted in a pot experiment with sand bed soil for two winter seasons (2019/20, 2020/21) to illuminate the impact of calcium lignosulfonate (Ca-LIGN) (100 mg/L) in alleviating various levels of NaCl (0, 100, 200, and 300 mM) on two barley cultivars, Giza132 and Giza133. Giza133 outgrew Giza132 under salinity stress by accumulating less Na+ content and retaining more K+ content. Surprisingly, Ca-LIGN was shown to be involved in both cultivars’ capacity to efflux Na+ in return for greater K+ influx under 100 and 200 mM NaCl, resulting in an increased dry weight of shoots and roots as well as leaf area compared with the untreated salinity levels. Physiological parameters were measured as relative water content (RWC), electrolyte leakage rate (ELR), peroxidase activity (POD) in leaf and root and grain yield, and grain protein content were evaluated. Adding Ca-LIGN ameliorated both cultivars’ growth in all the recorded characteristics. Under salinity stress, Ca-LIGN induced a higher RWC in both cultivars compared to those without Ca-LIGN. Although the ELR increased significantly in Giza132 leaves under the different NaCl concentrations compared to in Giza133 leaves, applying Ca-LIGN for both cultivars reduced the deterioration in their leaf and root by significantly lowering the ELR. As a result, applying Ca-LIGN to the salinity-affected plants (Giza133 and Giza132) under (100 and 200 mM NaCl), respectively, inhibited POD activity by about (10-fold, 6-fold, and 3-fold, 5-fold). The impact of Ca-LIGN on grain yield was more effective in Giza133 than in Giza132, with (61.46, 35.04, 29.21% and 46.02, 24.16, 21.96%) at various salinity levels. Moreover, while both cultivars recorded similar protein content under normal conditions, adding Ca-LIGN increased protein accumulation by raising salinity concentration until it reached 3% and 2% increases in both cultivars, Giza133 and Giza132, respectively, under 300 mM NaCl. It can be concluded that applying Ca-LIGN on barley can help to alleviate the ionic stress by excluding the harmful ions, resulting in higher grain yield and protein content.
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1. Introduction


Salinity stress is one of the most harmful abiotic stress factors limiting crop growth, development, and yield [1,2,3,4]. Accumulation of sodium (Na+) excessively causes ion toxicity and ion imbalance by restricting the competitive absorption of some mineral nutrients such as potassium (K+) [5].



Salinity affects practically every part of plant morphology, physiology, and biochemistry, resulting in considerable agricultural production loss. A greater salt content in the soil limits plant roots’ ability to absorb water and critical nutrients. The greater ion concentration (Na+) in the root produces osmotic stress, reduces water potential, and disrupts nutritional balance. A larger Na+ concentration outside the plant cell also has a detrimental influence on intracellular K+ influx, which is necessary for plant development [6].



Under salinity conditions, there are many osmolytes and osmoprotectants, such as proline and jasmonic acid, which are already used to improve crop growth in calendula and faba bean plants [2,7]. Application of these osmoprotectants led to improved leaf number, chlorophyll content, relative water content, and yield characteristics [2,7].



Under salt stress, salt-tolerant plant species and genotypes must maintain decreased Na+ accumulation in shoots. Shoot Na+ exclusion or vascular compartmentalization are both responsible for lower shoot accumulative Na+ in plants [8]. The ability of plants to exclude the damaging Na+ ions is one of the greatest strategies to resist salt stress, as Na+ sequestration in plant tissues is thought to be the major cause of plant deterioration under salinity stress conditions. Low leaf Na+ concentration and K+/Na+ discrimination is important for salinity tolerance in barley under mild salt stress. Both leaf and root Na+ contents are negatively linked with plant dry matter during long-term salt stress [9,10,11].



Nowadays, a decrease in fresh water sources poses a threat to modern agriculture, which faces a number of issues as the world’s population continues to expand while the available land that is suitable for food production continues to decline [12]. Hence, one of the issues encountered in barley farming in newly recovered regions, especially in Egypt, is salinity [13]. The characteristics most affected by salinity stress were number of leaves and stem height [14], chlorophyll content, RWC%, and yield [14,15,16,17]. So, identifying saline limits requires research on salt tolerance throughout the vegetative growth phase of plants [18] and also at harvest time. In the newly reclaimed lands, barley is regarded as a desirable crop to sow due to its ability to grow under stress, and some studies have been carried out to increase its grain yield under various stress conditions [19,20,21,22,23] because it is one of the most indispensable crops in covering the gap in access to food due to insufficient cereal production [24].



According to Kanbar and El-Drussi, [25] rising salt levels reduced barley seed germination considerably. Even though one of the examined cultivars benefited from salinity stress at 25 mM in terms of shoot–root length and weight, all cultivars were salt-sensitive at 50, 75, and 100 mM in terms of all features studied. Moreover, Allel et al. [26] and El-Wakeel et al. [27] indicated that a salinity stress of 200 mM NaCl had a detrimental effect on the parameters studied in barley. However, some wild barley cultivars can be grown under more than 500 mM NaCl; glycophytic species such as Hordeum vulgare can tolerate more than 200 mM NaCl [28]. Therefore, treating barley plants with substances that enhance its growth under high levels of salinity is now a crucial method.



Lignosulfonates (low-cost LIGNs) are byproducts from the paper industry; these complex polymers are formed by the solubilization of lignin under alkaline conditions, and numerous chelated forms, such as Fe-, Ca-, or K-chelated lignosulfonates, have been identified depending on the nature of the base involved during this chemical process (Fe-LIGN, Ca-LIGN, K-LIGN). Investigations in the laboratory, glasshouse, and field have also shown their stimulating effects on both vegetative and reproductive growth, as well as on fructification; their favorable influence on the root system development was particularly apparent [29,30]. Calcium lignosulfonate (Ca-LIGN), as a plant biostimulant, positively affects plant growth and fruit-fixed expression, plant pigments, shoot and root development, nutritional efficiency, crop production, rhizospheric and soil microorganisms, general soil health, and plant–environment interactions. Biostimulants are obtained from natural sources and can assist in decreasing the consumption of chemical imports while also reducing the negative environmental effects of hazardous substances [31]. Biostimulants have recently been utilized to help stressed plants and enhance their growth and production [32], and these biostimulants are not nutrients in and of themselves; rather, they aid in the absorption of nutrients or advantageously promote growth or stress resistance [33].



The application of Ca lignosulfonate compounds has the potential to promote agricultural yield [34]; in addition, lignosulfonate has been demonstrated to promote plant development in maize [35] and rice [35] because their hydrophilic parts have negative charges, and Ca lignosulfonate surfactant has a short-chain structure that makes reactions with salt simpler, has good water solubility and promotes root and leaf development, and boosts chlorophyll content and crop yield [36].



Approximately 30 crop plant species currently produce 90% of plant-based human nourishment, and the majority of the essential glycophytic crops have 50–80% lower average yields when grown under salinity conditions [37]. Because of the changing climate, problems related to soil salinity are expected to develop in many areas, and to deal with such effects, a variety of adaptations and mitigation methods are necessary. Therefore, lignosulfonate is used to ameliorate plant growth, while there has not been any research conducted on the use of calcium lignosulfonate as a mitigating substance to alleviate the salinity stress. Hence, the objective of this study was to elucidate the indispensable role of adding Ca lignosulfonate to two barley cultivars, Giza132 and Giza133, in alleviating the detrimental effects of different salinity stress levels.




2. Materials and Methods


2.1. Plant Materials and Growth Conditions


The current experiment was conducted in the greenhouse of the Seed Technology Research Department at Sakha Agriculture Research Station, ARC, Kafr Elsheikh, Egypt, under the environmental conditions shown in (Table 1). Two barley cultivars (Giza133 and Giza132) were obtained from the Agricultural Research Center, Egypt, based on their behavior under salinity stress conditions; the Giza133 cultivar is more tolerant than the Giza132 cultivar.



Over two productive seasons (2019/2020 and 2020/2021), seeds were sown and grown in acid-washed quartz sand (saturation percent 20 percent). A total of 6 kg of sand was placed inside the 25 cm-diameter, 7 L plastic pots, which also included a bottom vent for free drainage. Full-strength nutrient solution (75 g/L ZnSO4·H2O, 45 g/L MnSO4·H2O, 100 g/L FeSO4·5H2O, 55 g/L CuSO4·7H2O, 25 g/L MgSO4·5H2O, 5 g/L, potassium fulvate, 5 g/L citric acid, and 20 g/L potassium alginate) in addition to the recommended NPK fertilization was used as a source of nitrogen and phosphorous for the plants. After germination, 10 days later, seedlings were thinned to 6 plants per pot and watered with either nutritional solution with 0 mM NaCl (control) or nutrient solution with 100 mM, 200 mM, and 300 mM NaCl. The pots of the plants that were irrigated with salty solutions were later divided into two groups, and one of them was provided with calcium lignosulfonate (Saigo Ligno Sal compound) (100 mg/L) (Ca-LIGN + salt treatments) due to the symptoms of salinity stress impact on the plants after 20 days of those three salinity treatments. Without using calcium lignosulfonate throughout the vegetative stage, the other group continued to be watered as needed with various salt solution treatments (100, 200, and 300 mM NaCl), and each treatment was replicated 4 times. The environmental conditions of the experiment are recorded in Table 1.




2.2. Preparation of Calcium Lignosulfonate (Ca-LIGN) Solution and Applying the Salt Treatments


The calcium lignosulfonate substance used in the current study was purchased from (Saigo chemical company, Kafr Elsheikh, Egypt) as an active ingredient in a commercial compound (Saigo Ligno Sal). The chemical compositions in this compound are (10% CaO, 11% N, 10% potassium fulvate, 10% calcium lignosulfonate, 30% organic acids, 2% zeolite, and 1% MgO). The calcium lignosulfonate (Ca-LIGN) was prepared by adding (100 mg/L) to salt solutions for each salinity concentration (100 mM NaCl, 200 mM NaCl, and 300 mM NaCl). In addition, salinity solution treatments (NaCl treatments) were applied gradually (25, 50, 75, and finally 100 mM) for the first salinity level (25, 50, 75, 100, and finally 200 mM) for the second salinity level, and (25, 50, 75, 100, 200, and finally 300 mM) for the third salinity level over 2-day intervals to avoid causing osmotic shock to the plants.




2.3. Growth Parameters


After 30 days of applying Ca lignosulfonate, the plants were taken and divided into 2 parts (roots and shoots (sheaths and leaves)), and two sets of samples were prepared. The dry weights (DWs) were recorded for each plant part from the first set of samples after oven drying at 70 °C for 3 days, and the other set was kept at −80 °C for peroxidase enzyme activity analysis. Leaf area (LA) was measured using a leaf area meter (Model: LI-3000A Portable leaf area meter, LI-COR Biosciences, Lincoln, NE, USA), and plant height was measured. To determine the yield characteristics, a different set of plants was allowed to develop till harvest.




2.4. Plant Pigment Content Determination


Chlorophyll a, chlorophyll b, and total chlorophyll as well as carotenoid contents were extracted from 0.5 g of fresh leaves samples in 10 mL of 100% N,N-dimethyl formamide, and then the concentration was determined with a spectrophotometer using the methods of Porra et al. [26] and Porra [38].




2.5. Relative Water Content (RWC)


Leaf samples were placed in vials and weighed (FW); after the sample had been weighed, the piece of leaf was transferred to a 1.5 mL Eppendorff tube containing deionized water. Then, tubes were placed for 4 h in a fridge to allow the tissue to take up water. The sample was instantly transferred and reweighed to measure the fully turgid fresh weight (TW). The samples oven-dried at 80 °C for 72 h and then reweighed to determine the dry weight (DW). The relative water content was calculated according to Gonzalez and Gonzalez-Vilar [39] as follows:


RWC (%) = [(FW − DW)/(TW − DW)] × 100



(1)




where FW (fresh weight), TW (turgid weight), and DW (dry weight).




2.6. Electrolyte Leakage Rate (ELR)


The electrolyte leakage rate (ELR) was measured in the third leaf from the top of each plant (0.5 g), and 0.5 g roots were well-washed using the method of Murray et al. [40] with some modifications. The leaf and root samples were soaked in distilled water and shaken for 12 h. Electrical conductivity EC (EC1) was measured with a portable EC meter (9V-1AmP, Thermo Electron Corporation, USA). The samples were later autoclaved and cooled to determine total EC (EC2). The ELR was calculated as follows: ELR (%) = (EC1/EC2) × 100.




2.7. Determination of Peroxidase Activity (POD)


The extraction was carried out using 0.5 g fresh samples according to the method of Takagi et al. [41]. Fresh (leaf and root) samples were ground in liquid nitrogen with adding phosphate buffer (pH 7.0). The homogenate was centrifuged, and then sPOD activity was determined in the supernatant. The 1 mL of reaction mixture contained 15 mM guaiacol, 10 mM H2O2, 73 mM phosphate buffer, and 2% enzyme extract. The absorbance was observed at 470 nm for 1 min, and the activity of sPOD was calculated according to Chance and Maehly, [42], and one-unit sPOD activity was defined as µmol tetraguaiacol/min.




2.8. Na+ and K+ Concentrations


The selected leaves and roots samples were oven-dried and fine-grounded. The fine powder was digested with a mixture of HNO3 and HClO4 (5:1, v/v), and the Na+ and K+ concentrations in the extracts were measured using an atomic absorption spectrophotometer (Shimadzu, Kyoto, Japan) according to Rahman et al. [43].




2.9. Post-Harvest Measurements


At harvest time, plant height (cm) was measured. The remained spikes were harvested and threshed to obtain grains. Length of spike (cm), grain number/spike, 1000-grain weight (gm), and grain yield/pot (gm) were measured.




2.10. Crude Protein Content


The known weight of the fine-ground seeds (ca. 0.1 g) was digested using a micro Kjeldahl apparatus by (98% H2SO4) and (30% H2O2). The crude protein was calculated by multiplying the total nitrogen by 5.85 [44].




2.11. Statistical Analysis


The collected data of the two seasons were subjected to combined analysis of variance (ANOVA) for the completely randomized block design of each experiment (n = 4), as mentioned by Gomez and Gomez [45] using (MSTAT-C 1990) computer software, and the means of genotypes were compared using Fisher’s protected LSD at a 0.05 probability level. The physiological data are shown as means, and the means were separated using the Duncan’s Multiple Range Test at p = 0.05 [46].





3. Results


After two months of various treatments, it was clear that they had different aesthetic impacts on the cultivars Giza133 and Giza132. The combined analysis revealed that there was no significant difference between the two seasons in root length, Na+ concentrations, or peroxide enzyme activity in either tissue (leaf or root), but there was a significant difference between the two seasons in shoot length, shoot, and root dry weights (Table 2).



In addition, there was no significant effect of these seasons on the relative water content (RWC) and electrolyte leakage rate (ELR) of either tissue (leaf and root) or total leaf area (TLA) (Table 3). Nevertheless, all the post-harvest investigated parameters (Table 4) and the remaining physiological and growth characteristics were significantly impacted by both seasons (Table 2 and Table 3). According to the influence of the cultivars, both cultivars, Giza133 and Giza132, performed quite differently in all the studied characteristics that are shown in Table 4 and Table 2, with the exception of shoot and root lengths (Table 2), TLA (Table 2), and the number of grains/spike (Table 4). Furthermore, the various salinity treatments, whether they involved the addition of Ca lignosulfonate or not, had a significant impact on all the examined features (Table 2, Table 3 and Table 4).



3.1. Effect of the Treatments on Plant Growth and Biomass


In both genotypes, there was a rise in NaCl concentration accompanied by a reduction in growth (Figure 1, Figure 2, Figure 3 and Figure 4). By adding Ca lignosulfonate (Ca-LIGN) to salty solutions, the second treatment, which consisted of applying Ca-LIGN to 100 mM NaCl followed by adding it to 200 mM NaCl, produced the greatest shoot and root lengths (Figure 2), leaf area (LA), and total leaf area (TLA) (Figure 2) and increased the production of shoot and root dry weights (DWs) (Figure 1), outperforming the control treatment. When comparing the three salinity levels with the same levels of Ca-LIGN, both cultivars recorded a significant increase in all the growth features, especially in shoot DW, by (52.8%, 49.3%, 33.5% and 31.8%, 16.2%, and 27.0%) in Giza133 and Giza132 with the three salinity levels 100, 200, and 300 mM NaCl, respectively (Figure 1A). The same trend was recorded in root DW in both cultivars; however, a slight increase in DW was shown with the highest salinity level, 300 mM, using the Ca-LIGN substance (Figure 1B). The shoot height decreased slightly in both cultivars under the first salinity level, 100 mM NaCl, compared to control conditions (Figure 2A); however, in the other salinity levels, 200 mM NaCl and 300 mM NaCl, Giza133 decreased more than Giza132 than when under control conditions. The results in Figure 3 show that applying the Ca-LIGN substance induced an upsurge in both shoot and root lengths in the Giza133 cultivar by (22.7%,17.2%) and (22.3%,15.17%) under both salinity levels (100 mM and 200 mM NaCl), respectively. Giza132 cultivar did not have significantly altered shoot and root lengths when Ca-LIGN was added (Figure 2). We examined the leaf area for both cultivars under the different studied treatments, noting the Ca-LIGN substance prompted an elongation in the leaf tissues, which was observed in both cultivars compared with control and salinity stress without adding the Ca-LIGN substance (Figure 3A). The Giza133 cultivar recorded an increase of about 50% in LA when Ca-LIGN was added to 100 mM NaCl compared to the control and also 100 mM NaCl when that substance was not added; additionally, the LA increased by 23.5% and 34.2% when the Ca-LIGN substance was added to 200 mM NaCl and 300 mM NaCl, respectively, compared to these salt levels when it was not added (Figure 3A). Adding Ca-LIGN to 100 mM NaCl in Giza132 increased the LA significantly by 17.7% and 21.9% compared to the control conditions and 100 mM NaCl without that substance, respectively; however, adding Ca-LIGN did not significantly affect its LA under the highest salinity level, 300 mM NaCl (Figure 3A).




3.2. Relative Water Content (RWC)


Under various levels of salt stress, the RWC of leaves declined significantly by around 10% and 15% in Giza133 and Giza132, respectively. Calcium lignosulfonate’s treatments enhanced the RWC of stressed seedlings of both cultivars, which was particularly noticeable at the stress levels of 100 and 200 mM NaCl, more so than in the 300 mM NaCl level (Figure 4).




3.3. Electrolyte Leakage Rate (ELR)


Since salt stress elevated the abundance of free radicals in plants, the damage to membranes was examined by measuring the electrolyte leakage in both cultivars’ leaf and root tissues (Figure 5). Electrolyte leakage was found in both cultivars’ leaves, and according to the findings, was inhibited when the Ca-LIGN substance was added to all the studied salinity levels in both cultivars (Figure 5A). Although adding the Ca-LIGN substance to the salinity levels (100 mM and 200 mM NaCl) did not significantly reduce the leakage of root cells in Giza133, under the highest salinity level, 300 mM NaCl, Ca-LIGN maintained its root cell membrane stability by decreasing the ELR by 18.79% (Figure 5B). Additionally, application of Ca-LIGN led to alleviated salinity stress effects due to the decline in the ELR’s root tissues by (8.18%, 11.32%, and 19.46%) under salinity levels of (100 mM, 200 mM, and 300 mM NaCl), respectively (Figure 5B).




3.4. Peroxidase Enzyme Activity (POD)


The aforementioned features are supported by our findings on peroxidase (POD) activity, an enzyme implicated in antioxidative defense systems (Figure 6). The salinity stress levels increased the POD enzyme activity under the three levels (100 mM NaCl, 200 mM NaCl, and 300 mM NaCl) by (7.7-, 4.1-, 1.5-fold, and 4.2-, 2.5-, 1.4-fold) compared to under the control conditions in both cultivars of the leaves, Giza133 and Giza132, correspondingly (Figure 6A). Adding the Ca-LIGN substance to the different salinity levels did not alter the POD activity in either cultivar’s leaves, except the Giza133 leaf under 300 mM NaCl-induced POD activity, which increased about 2.4 times compared to the control (Figure 6A). With regard to the root tissues, the activity of POD enzyme increased when the salinity level in the Giza133 cultivar was increased; however, its activity decreased when the salinity levels were increased in Giza132 cultivar root tissues (Figure 6B), and applying Ca-LIGN to salinity concentrations did not induce the POD activity in Giza133 root.




3.5. Different Photosynthetic Pigments


Salinity stress resulted in declined pigment production in the leaf tissues of both cultivars, Giza133 and Giza132, which was more pronounced in the Giza132 cultivar (Table 5). The different salinity levels (100 mM NaCl, 200 mM NaCl, and 300 mM NaCl) led to a significant decrease in the different pigments (Chl a, Chl b, total chlorophyll, and total carotenoids contents) by around (1.2, 3.38, and 3.8 times), respectively, compared with control conditions in Giza133. In the presence of sodium chloride stress, adding Ca-LIGN increased the Chl a, Chl b, total chlorophyll, and total carotenoids contents by gradually decreasing the salinity levels from 300 mM NaCl to 200 mM NaCl until reaching 100 mM NaCl in both cultivars (Table 5).




3.6. Na+ and K+ Concentrations


It is illustrated in (Figure 7A,B) that under salinity levels, the Giza133 cultivar accumulated less Na+ content in its leaf and root tissues than the Giza132 cultivar. Simultaneously, Giza133 cultivar’s K+ content was higher than that of Giza132 in both leaf and root tissues (Figure 7C,D). Moreover, under the increase in NaCl levels, sodium content increased in the leaves and roots of both barley cultivars. The opposite results for K+ content was obtained. Ca-LIGN application dropped dramatically the levels of Na+ in the two organs of barley cultivar stressed seedlings (Figure 7A,B). Oppositely, applying Ca-LIGN increased the K+ content in both tissues of both cultivars compared with the untreated tissues (Figure 7C,D)




3.7. Post-Harvest Characteristics


In both cultivars, irrigating barley with varied salt levels (100, 200, and 300 mM NaCl) dissolved in the nutrient solution reduced plant height (cm), spike length (cm), 1000-grain weight (gm), and grain yield (gm pot−1) at harvest as compared to the control (Table 6). The results also reveal that watering the salinized barley plants with Ca-LIGN improved the values of those properties substantially. In the Giza133 cultivar, the reduction in plant height by salinity stressors was (5.6, 6.9, and 21.3%); however, this decrease was much higher in Giza132, for which these values declined by (11.18, 21.63 and 32.14%) under the salinity levels (100, 200, and 300 mM NaCl), respectively. Surprisingly, applying Ca-LIGN increased the plant height of both cultivars significantly under the three salinity levels, showing a gradual increase from the highest concentration to the lowest one, with plants being (8.6%, 3.1%) taller under these conditions than under control conditions in Giza133 and Giza132, respectively (Table 6). Overall, while the increasing salinity stress concentrations reduced grain yield and its components (spike length, no. grains spike-1, and 1000-grain weight), salt treatment with Ca-LIGN increased the aforesaid characteristics, particularly grain yield, in both cultivars. The effect of adding Ca-LIGN on grain yield was more evident in Giza133 than in Giza132, with increases of (61.46, 35.04, 29.21%, and 46.02, 24.16, 21.96%), respectively, at the corresponding salinity levels (100, 200, and 300 mM NaCl).




3.8. Grain Protein Content


Similarly to grain protein content, which increased the quality of the grains, salinity levels induced steadily increasing protein content by increasing the concentration of NaCl in both cultivars compared to control conditions (Table 5). In addition, there was a significant increase in the grain protein content of both cultivars, Giza133 and Giza132, when the salinity stress levels with Ca-LIGN reached (21.27% and 14.95%) increases in the Giza133 cultivar and Giza132 cultivar, respectively, under the highest concentration, 300 mM NaCl (Table 6).





4. Discussion


Our results indicate that both cultivars clearly exhibited much tolerance to salinity stress levels when treated with calcium lignosulfonate (Ca-LIGN), as evidenced by increased dry mass, shoot and root length, LA, RWC, grain yield, and its components, with higher grain protein content as well as lower ELR and POD activity due to lower ROS production [36]. Otherwise, under salinity stress, the shot-gun approach, which includes the use of biostimulants as Ca-LIGN, would be a viable option for a variety of crops, including sunflower [47], barley [48], and corn [49]. The calcium element in calcium lignosulfonate (Ca-LIGN) is chemically active and can extrude sodium atoms that have been adsorbed to soil particles close to where roots are growing. Additionally, it contains an active alkyl group that binds to a sodium element and converts it to an organic form without harming the plant, similar to the results of Kang et al. [50]. The organic Ca-LIGN substance is utilized as a biostimulant for root growth and plant development since it also contains a sulfur element, which is crucial for protecting roots from salt stress.



For the above reasons, it was observed that salts in irrigation water can cause an inhibition in plant growth; however, applying Ca-LIGN was seen to alleviate diverse salt stress levels in both cultivars, Giza132 and Giza133.



When excessively salt enters the plant through the transpiration stream, it will harm the cells in the transpiring leaves, causing further growth reduction [7]. It was illustrated in our study that there was a negative effect of salinity stress levels on the plant DWs (Figure 1), shoot and root lengths (Figure 2), LA, and total TLA (Figure 3). This negative effect of salinity stress was recorded in many plants [51,52,53]; nevertheless, Ca-LIGN mitigates this negative impact on these growth characteristics. Lignin’s efficient provision of the necessary ions required for plant growth results in such good impacts on plant growth. Our findings are also consistent with earlier research that has shown the benefits of lignin in stimulating in vitro plant development of rice [54]. It can be observed in Figure 4A that the LA was much higher in salt-stressed plants when Ca-LIGN was added than in the untreated stressed plants. Sulfur (S) is an essential element for the growth and development of crop plants; it is one of the main components in Ca-LIGN, which plays an important role in the normal functioning of plant chlorophyll and important proteins [55]. Chlorophyll a, chlorophyll b, total chlorophyll, and total carotenoids content in both cultivars on average for the two seasons increased significantly when Ca-LIGN was applied to NaCl concentrations compared with untreated stressed plants (Table 5). Sulfur in Ca-LIGN can help barley to cope with unfavorable environmental stressors; however, the effectiveness of Sulfur varies [56]. Our results indicate that Ca-LIGN acts as a source of sulfur, which improves the photosynthesis pigment content under salt stress levels (Table 5), leads to the plant’s ability to store high dry mass (Figure 1), and increases the elongation of the leaf tissue, which was observed when expanding the LA under salinity levels (Figure 4).



Alternatively, by its function in lignin production, the peroxidase enzyme contributes to ROS detoxification under salinity stress in the tolerant cultivar Giza133 more than in the sensitive cultivar Giza132 under the different salt levels (Figure 6). However, the activity of the POD enzyme dramatically plummeted with Ca-LIGN application in both the leaf and root of both cultivars except under 300 mM NaCl, which means a low amount of ROS in plant cells and decreased oxidative stress are indicated by peroxidase activity in both leaf and root tissues. A decline in peroxidase activity when adding Ca-LIGN was found to significantly decrease the electrolyte leakage ratio (ELR) (Figure 5), which protects leaf and root tissues against the damage that often results from the stress. Adding Ca-LIGN during salinity stress helped both cultivars to maintain their leaf tissues’ cell membrane stability (Figure 5A). According to the turgidity of leaves, we found the relative water content (RWC), which was exhibited by a massive increase in leaf turgor with the application of Ca-LIGN due to its ability to take up water in contrast to its lack of water uptake under salinity stress levels, especially under 300 mM NaCl and particularly in the sensitive cultivar Giza132 (Figure 4). The high salt stress level impact on RWC was observed to be much weaker in Giza133 (which retained as much as 100% of its leaf water on average for both seasons when grown in 100 mM NaCl) than in Giza132, in which it decreased to 95.25% (Figure 4). Earlier studies similarly established that the usage of exogenous biostimulants such as Ca-LIGN counteracted adverse salt-induced effects on RWC [57]. Nevertheless, our results indicate that this result is highly cultivar-dependent; for instance, Giza133 RWC seedlings were largely dependent on the salt concentration for the two seasons, independently of Ca-LIGN treatment; however, applying Ca-LIGN on different NaCl concentrations affected the leaf RWC of Giza132 seedlings, with by a noticeable upsurge. Salt stress tolerance in many crops is linked to a low Na+ content in the shoots, particularly in leaves [58,59]. Ca-LIGN is a lignin-derived amorphous substance; it chelates the minerals from the soil and changes its charge so the plant does not absorb excessive harmful minerals such as Na+ [60], which explained the declining Na+ content in both leaf and root tissues in both cultivars treated with the Ca-LIGN substance (Figure 7A,B). Additionally, recent studies revealed that the intracellular K+ plays an important role in the salinity tolerance mechanism. To sustain high intracellular K+ concentrations, plasma membranes contain very negative internal potentials [9]. Excessive Na+ influx under salinity stress depolarizes the membrane, allowing K+ to be effluxed via depolarization-activated channels such NSCCs and GORK [61]. In contrast, the Ca-LIGN substance, which increases the efflux of Na+ by connecting to the negatively charged alkali group of lignosulfonates, then changes into a neutral compound, and, when washed with the irrigated water in soil, it leads to an Na+ exchange with a K+ influx through the plant cells. This was crystal clear in both cultivars when Ca-LIGNO was applied under different salinity levels, which enhanced the K+ content compared to untreated salinity levels and the control conditions (Figure 7B). Different previous studies concluded that salinity stress reduces the grain yield and its components of crop plants [62], which is in line with our results. Applying Ca-LIGNO stimulated the plant growth and caused an increase in the grain yield by increasing its components, which was obvious in our results (Table 6). Ca-LIGNO enhanced the plant height in both cultivars and increased their grain yield under 100mM NaCl more than under control conditions. Despite the fact that salinity stress increased the protein content in the grains, Ca-LIGN enhanced the protein content under salinity stress compared to under control conditions, in particular, for the Giza133 cultivar (Table 6). Applying Ca-LIGN helps plant to absorb many nutrients and increases nitrogen content, which is responsible for the protein in the grains under salinity levels.




5. Conclusions


In conclusion, our results indicate that superior tolerance was recorded for genotype Giza133 when Ca-LIGN was added, which enhanced its ability to tolerate the salinity stress levels. Moreover, applying Ca-LIGN improved cultivar Giza132’s behavior under salinity stress levels. Calcium lignosulgonate application minimized the deleterious effects of salt stress in both cultivars. Physiological parameters analysis revealed that the difference in growth caused by adding Ca lignisulfonate was primarily due to higher antioxidant enzyme POD in the leaves and roots of barley cultivars Giza133 and Giza132 grown under control conditions and different NaCl stresses. The reluctance of extrusion would result in cytosolic Na+ accumulation, which might injure plant tissues (as demonstrated in Giza132), producing in K+ efflux and perhaps significant growth retardation under salt stress. Furthermore, adding Ca lignosulfonate to barley plants under various salinity levels boosted chlorophyll a,b content, relative water content, and the grain yield production as well as protein content; however, ELR was decreased in barley plants treated with Ca lignosulfonate. By using our findings in this work, we may be able to develop a breeding program for barely crop in the future. Overall, utilizing Ca-LIGN as an active and cost-effective component for farmers of Saigo-sal as a remedy for salt stress I’m plant crops improves development and allows them to tolerate salinity stress. Now, we are conducting new study on a variety of crops to determine how this compound may affect them.
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Figure 1. Effect of different treatments: (T1) control, (T2) 100 mM NaCl + Ca-LIGNO, (T3) 200 mM NaCl + Ca-LIGNO, (T4) 300 mM NaCl + Ca-LIGNO, (T5) 100 mM NaCl, (T6) 200 mM NaCl, and (T7) 300 mM NaCl on the average (A) shoot dry weight (DW)and (B) root dry weight (DW) of the two barley cultivars, Giza133 and Giza132, during two seasons, 2019/2020 and 2020/2021. Data represent the mean ± SE (n = 4). The same letter indicates no significant difference (p ≤ 0.05). 
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Figure 2. Effect of different treatments: (T1) control, (T2) 100 mM NaCl + Ca-LIGNO, (T3) 200 mM NaCl + Ca-LIGNO, (T4) 300 mM NaCl + Ca-LIGNO, (T5) 100 mM NaCl, (T6) 200 mM NaCl, and (T7) 300 mM NaCl on the average (A) shoot length and (B) root length of the two barley cultivars, Giza133 and Giza132, during two seasons, 2019/2020 and 2020/2021. Data represent the mean ± SE (n = 4). The same letter indicates no significant difference (p ≤ 0.05). 
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Figure 3. Effect of different treatments: (T1) control, (T2) 100 mM NaCl + Ca-LIGNO, (T3) 200 mM NaCl + Ca-LIGNO, (T4) 300 mM NaCl + Ca-LIGNO, (T5) 100 mM NaCl, (T6) 200 mM NaCl, and (T7) 300 mM NaCl on the average (A) leaf area (LA) and (B) total leaf area (TLA) of the two barley cultivars, Giza133 and Giza132, during two seasons, 2019/2020 and 2020/2021. Data represent the mean ± SE (n = 4). The same letter indicates no significant difference (p ≤ 0.05). 
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Figure 4. Effect of different treatments: (T1) control, (T2) 100 mM NaCl + Ca-LIGNO, (T3) 200 mM NaCl + Ca-LIGNO, (T4) 300 mM NaCl + Ca-LIGNO, (T5) 100 mM NaCl, (T6) 200 mM NaCl, and (T7) 300 mM NaCl on the average relative water content (RWC) of the two barley cultivars, Giza133 and Giza132, during two seasons, 2019/2020 and 2020/2021. Data represent the mean ± SE (n = 4). The same letter indicates no significant difference (p ≤ 0.05). 
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Figure 5. Effect of different treatments: (T1) control, (T2) 100 mM NaCl + Ca-LIGNO, (T3) 200 mM NaCl + Ca-LIGNO, (T4) 300 mM NaCl + Ca-LIGNO, (T5) 100 mM NaCl, (T6) 200 mM NaCl, and (T7) 300 mM NaCl on the average electrolyte leakage ratio (ELR) in (A) leaf and (B) root of the two barley cultivars, Giza133 and Giza132, during two seasons, 2019/2020 and 2020/2021. Data represent the mean ± SE (n = 4). The same letter indicates no significant difference (p ≤ 0.05). 
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Figure 6. Effect of different treatments: (T1) control, (T2) 100 mM NaCl + Ca-LIGNO, (T3) 200 mM NaCl + Ca- LIGNO, (T4) 300 mM NaCl + Ca-LIGNO, (T5) 100 mM NaCl, (T6) 200 mM NaCl, and (T7) 300 mM NaCl on the average peroxide enzyme activity (POD) in (A) leaf and (B) root of the two barley cultivars, Giza133 and Giza132, during two seasons, 2019/2020 and 2020/2021. Data represent the mean ± SE (n = 4). The same letter indicates no significant difference (p ≤ 0.05). 
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Figure 7. Effect of different treatments: (T1) control, (T2) 100 mM NaCl + Ca−LIGNO, (T3) 200 mM NaCl + Ca−LIGNO, (T4) 300 mM NaCl + Ca−LIGNO, (T5) 100 mM NaCl, (T6) 200 mM NaCl, and (T7) 300 mM NaCl on the average Na+ concentrations in leaf (A) and root (B) and K+ concentrations in leaf (C) and root (D) of the two barley cultivars, Giza133 and Giza132, during two seasons, 2019/2020 and 2020/2021. 
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Table 1. The environmental conditions of the experiment during both seasons 2019/2020 and 2020/2021.






Table 1. The environmental conditions of the experiment during both seasons 2019/2020 and 2020/2021.





	
Year

	
Months

	
Temperature

(°C)

	
Relative Humidity

(RH%)

	
Wind Velocity (km/24 h)




	
Min.

	
Max.

	
7:30 a.m.

	
13:30 p.m.






	
2019

	
November

	
25.1

	
27.4

	
82.8

	
48.3

	
36.6




	
December

	
13.4

	
21.4

	
86.9

	
58.9

	
38.5




	
2020

	
January

	
11.8

	
18.4

	
86.7

	
62.7

	
30.0




	
February

	
12.7

	
20.4

	
84.6

	
56.5

	
51.0




	
March

	
15.6

	
22.6

	
81.1

	
53.9

	
80.1




	
April

	
18.9

	
26.0

	
80.0

	
45.1

	
98.8




	
May

	
23.8

	
31.0

	
68.9

	
38.4

	
14.4




	
November

	
17.5

	
25.0

	
80.7

	
56.8

	
46.9




	
December

	
13.7

	
22.9

	
87.7

	
55.7

	
44.9




	
2021

	
January

	
13.5

	
21.0

	
86.7

	
59.5

	
39.2




	
February

	
12.5

	
21.5

	
87.5

	
55.9

	
58.3




	
March

	
16.5

	
23.8

	
83.6

	
55.2

	
81.5




	
April

	
19.5

	
27.6

	
78.6

	
42.0

	
95.9




	
May

	
25.1

	
32.1

	
65.3

	
33.8

	
12.4








Max.: maximum, Min.: minimum (these numbers are calculated as the grand mean of 30 days of data).
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Table 2. Means of shoot and root lengths, shoot and root dry weights, Na+ and K+ concentrations, and peroxide enzyme activity in both leaf and root tissues of Giza133 and Giza132 barley cultivars under different treatments (control, NaCl concentrations, and NaCl concentrations + Ca-LIGNO) during two seasons 2019/2020 and 2020/2021.






Table 2. Means of shoot and root lengths, shoot and root dry weights, Na+ and K+ concentrations, and peroxide enzyme activity in both leaf and root tissues of Giza133 and Giza132 barley cultivars under different treatments (control, NaCl concentrations, and NaCl concentrations + Ca-LIGNO) during two seasons 2019/2020 and 2020/2021.





	
Characteristics

Treatments

	
Shoot Length (cm)

	
Root Length (cm)

	
Shoot Dry Weight (gm)

	
Root Dry Weight (gm)

	
Na+

Concentration

(mg gm−1 DW)

	
K+

Concentration

(mg gm−1 DW)

	
POD Enzyme Activity in (µmol gm−1 min−1)




	
Leaf

	
Root

	
Leaf

	
Root

	
Leaf

	
Root






	
Seasons




	
First (2019/2020)

	
40.68

	
42.09

	
3.86

	
3.13

	
67.18

	
43.65

	
21.21

	
16.04

	
8.95

	
7.85




	
Second (2020/2021)

	
42.90

	
43.86

	
4.67

	
4.95

	
68.23

	
44.65

	
22.31

	
17.00

	
9.70

	
8.51




	
F. Test

	
*

	
N.S

	
*

	
*

	
N.S

	
N.S

	
N.S

	
N.S

	
**

	
**




	
Cultivars




	
Giza133

	
41.67

	
42.30

	
3.24

	
3.72

	
54.24

	
33.82

	
23.42

	
18.27

	
12.33

	
7.20




	
Giza132

	
41.90

	
43.65

	
2.29

	
2.36

	
80.13

	
53.49

	
19.01

	
13.80

	
6.32

	
9.15




	
F. Test

	
N.S

	
N.S

	
**

	
**

	
**

	
**

	
**

	
**

	
**

	
**




	
Treatments




	
Control

	
41.19

	
48.06

	
2.56

	
2.94

	
0.70

	
0.25

	
35.96

	
23.36

	
4.10

	
4.01




	
100 mM NaCl + Ca-LIGNO

	
47.25

	
47.38

	
3.81

	
4.77

	
36.91

	
13.71

	
29.75

	
20.90

	
2.84

	
6.23




	
200 mM NaCl + Ca-LIGNO

	
44.28

	
42.10

	
3.76

	
3.72

	
43.94

	
35.23

	
27.37

	
18.67

	
3.82

	
7.31




	
300 mM NaCl + Ca-LIGNO

	
44.09

	
44.44

	
2.75

	
2.45

	
58.71

	
43.70

	
21.37

	
14.99

	
9.41

	
9.93




	
100 mM NaCl

	
40.60

	
41.39

	
2.34

	
2.75

	
62.64

	
35.75

	
14.10

	
14.16

	
11.37

	
6.68




	
200 mM NaCl

	
38.09

	
37.21

	
2.25

	
2.44

	
79.02

	
61.51

	
11.13

	
11.70

	
13.82

	
6.83




	
300 mM NaCl

	
37.00

	
40.25

	
1.90

	
2.23

	
188.36

	
115.42

	
8.83

	
8.50

	
19.93

	
16.23




	
F. Test

	
**

	
**

	
**

	
**

	
**

	
**

	
**

	
**

	
**

	
**




	
L.S.D

	
2.782

	
6.033

	
0.2334

	
0.4356

	
12.02

	
17.55

	
6.343

	
2.927

	
3.367

	
3.778








L.S. D0.05, least significant differences at 0.05 probability level and *, ** and N.S state the significant, highly significant and not significant respectively.
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Table 3. Means of relative water content (RWC), leaf and root electrolyte leakage rate (ELR), leaf area (LA), and total leaf area (TLA), and different pigments concentrations (chlorophyll a, chlorophyll b, total chlorophyll, and total carotenoids) in the leaves of Giza133 and Giza132 barley cultivars under different treatments (control, NaCl concentrations, and NaCl concentrations + Ca-LIGNO) during two seasons, 2019/2020 and 2020/2021.






Table 3. Means of relative water content (RWC), leaf and root electrolyte leakage rate (ELR), leaf area (LA), and total leaf area (TLA), and different pigments concentrations (chlorophyll a, chlorophyll b, total chlorophyll, and total carotenoids) in the leaves of Giza133 and Giza132 barley cultivars under different treatments (control, NaCl concentrations, and NaCl concentrations + Ca-LIGNO) during two seasons, 2019/2020 and 2020/2021.





	
Characteristics

Treatments

	
Relative Water Content

(RWC)

(%)

	
Electrolyte Leakage Rate

(ELR)

(%)

	
Leaf Area (LA)

(cm2 Plant−1)

	
Total Leaf Area (TLA) (cm2 Plant−1)

	
Chlorophyll a

(Chll a)

(µg mg−1 FW)

	
Chlorophyll b (Chll b)

(µg mg−1 FW)

	
Total Chlorophyll Content

(µg mg−1 FW)

	
Total Carotenoids Content

(µg mg−1 FW)




	
Leaf

	
Root






	
Seasons




	
First (2019/2020)

	
92.11

	
78.49

	
78.25

	
30.08

	
270.75

	
1.20

	
1.22

	
1.42

	
1.05




	
Second (2020/2021)

	
91.11

	
77.46

	
76.43

	
32.22

	
264.07

	
2.41

	
2.42

	
2.62

	
2.26




	
F. Test

	
N.S

	
N.S

	
N.S

	
*

	
N.S

	
**

	
**

	
**

	
**




	
Cultivars




	
Giza133

	
92.86

	
61.28

	
85.61

	
32.16

	
290.61

	
2.29

	
2.33

	
2.53

	
2.14




	
Giza132

	
90.36

	
94.66

	
70.07

	
30.14

	
250.21

	
0.32

	
0.31

	
0.51

	
0.18




	
F. Test

	
*

	
**

	
**

	
**

	
N.S

	
**

	
**

	
**

	
**




	
Treatment




	
Control

	
98.17

	
46.34

	
80.29

	
30.76

	
267.59

	
1.53

	
1.51

	
1.71

	
1.39




	
100 mM NaCl + Ca-LIGNO

	
97.65

	
27.02

	
57.91

	
40.94

	
326.08

	
2.30

	
2.35

	
2.56

	
2.16




	
200 mM NaCl + Ca-LIGNO

	
96.86

	
48.63

	
76.22

	
35.92

	
224.47

	
1.99

	
2.01

	
2.20

	
1.84




	
300 mM NaCl + Ca-LIGNO

	
92.48

	
72.79

	
73.09

	
31.35

	
379.01

	
1.50

	
1.52

	
1.71

	
1.35




	
100 mM NaCl

	
87.21

	
100.99

	
75.54

	
26.77

	
200.03

	
0.76

	
0.77

	
0.98

	
0.61




	
200 mM NaCl

	
88.58

	
113.16

	
77.92

	
28.50

	
219.85

	
0.55

	
0.59

	
0.79

	
0.41




	
300 mM NaCl

	
80.33

	
136.88

	
103.90

	
23.80

	
275.85

	
0.49

	
0.50

	
0.69

	
0.36




	
F. Test

	
**

	
**

	
**

	
**

	
**

	
**

	
**

	
**

	
**




	
L.S.D

	
4.171

	
11.45

	
10.50

	
2.867

	
93.89

	
0.0223

	
0.0223

	
0.0224

	
0.0315








L.S.D0.05, least significant differences at 0.05 probability level and *, ** and N.S state the significant, highly significant and not significant respectively.
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Table 4. Means of plant height, spike length, number of grains spike−1, grain yield pot−1, 1000-grain weight, and grain protein content of Giza133 and Giza132 barley cultivars under different treatments (control, NaCl concentrations, and NaCl concentrations + Ca-LIGNO) during, two seasons 2019/2020 and 2020/2021.






Table 4. Means of plant height, spike length, number of grains spike−1, grain yield pot−1, 1000-grain weight, and grain protein content of Giza133 and Giza132 barley cultivars under different treatments (control, NaCl concentrations, and NaCl concentrations + Ca-LIGNO) during, two seasons 2019/2020 and 2020/2021.





	
Characteristics

Treatments

	
Plant Height (cm)

	
Spike Length (cm)

	
No. Grains Spike−1

	
Grain Yield Pot−1

(gm)

	
1000-Grain

Weight (gm)

	
Grain Protein Content (%)






	
Seasons




	
First (2019/2020)

	
48.39

	
6.70

	
7.73

	
15.53

	
29.97

	
10.78




	
Second (2020/2021)

	
52.16

	
8.68

	
9.28

	
18.08

	
31.94

	
10.87




	
F. Test

	
*

	
*

	
*

	
*

	
*

	
*




	
Cultivars




	
Giza133

	
51.82

	
8.19

	
9.81

	
18.35

	
33.13

	
11.70




	
Giza132

	
48.73

	
9.18

	
10.19

	
13.26

	
24.77

	
10.59




	
F. Test

	
**

	
**

	
N.S

	
**

	
**

	
*




	
Treatments




	
Control

	
56.42

	
9.11

	
10.05

	
15.41

	
37.3

	
9.38




	
100 mM NaCl + Ca-LIGNO

	
59.96

	
9.91

	
10.28

	
29.15

	
44.3

	
11.20




	
200 mM NaCl + Ca-LIGNO

	
46.57

	
9.13

	
10.69

	
17.64

	
29.7

	
11.90




	
300 mM NaCl + Ca-LIGNO

	
47.26

	
7.57

	
8.83

	
13.30

	
22.1

	
13.06




	
100 mM NaCl

	
51.92

	
8.49

	
10.09

	
12.96

	
24.3

	
9.54




	
200 mM NaCl

	
48.72

	
8.66

	
10.35

	
12.19

	
21.5

	
10.08




	
300 mM NaCl

	
41.07

	
7.93

	
9.73

	
9.98

	
23.6

	
10.67




	
F. Test

	
**

	
**

	
**

	
**

	
**

	
**




	
L.S.D

	
2.924

	
0.3623

	
0.5351

	
2.365

	
4.144

	
0.224








L.S.D0.05, least significant differences at 0.05 probability level and *, ** and N.S state the significant, highly significant and not significant respectively.
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Table 5. Different pigments’ concentrations (chlorophyll a, chlorophyll b, total chlorophyll content, total carotenoids) in the leaf tissues of Giza133 and Giza132 barley cultivars under various treatments (control, NaCl concentrations, and NaCl concentrations + Ca-LIGNO) during two seasons, 2019/2020 and 2020/2021, in combined analysis.






Table 5. Different pigments’ concentrations (chlorophyll a, chlorophyll b, total chlorophyll content, total carotenoids) in the leaf tissues of Giza133 and Giza132 barley cultivars under various treatments (control, NaCl concentrations, and NaCl concentrations + Ca-LIGNO) during two seasons, 2019/2020 and 2020/2021, in combined analysis.





	
Cultivars

	
Treatments

	
Chlorophyll a (Chll a) (µg mg−1 FW)

	
Chlorophyll b (Chll b)

(µg mg−1 FW)

	
Total Chlorophyll Content

(µg mg−1 FW)

	
Total Carotenoids Content

(µg mg−1 FW)






	
Giza133

	
Control

	
2.71 ± 0.00

	
2.67 ± 0.01

	
2.88 ± 0.01

	
2.56 ± 0.00




	
100 mM NaCl + Ca-LIGNO

	
4.20 ± 0.00

	
4.28 ± 0.01

	
4.49 ± 0.01

	
4.05 ± 0.00




	
200 mM NaCl + Ca-LIGNO

	
3.70 ± 0.00

	
3.81 ± 0.00

	
4.01 ± 0.00

	
3.54 ± 0.00




	
300 mM NaCl + Ca-LIGNO

	
2.70 ± 0.00

	
2.74 ± 0.00

	
2.94 ± 0.01

	
2.55 ± 0.00




	
100 mM NaCl

	
1.21 ± 0.00

	
1.25 ± 0.01

	
1.47 ± 0.01

	
1.06 ± 0.00




	
200 mM NaCl

	
0.80 ± 0.00

	
0.86 ± 0.01

	
1.06 ± 0.01

	
0.66 ± 0.00




	
300 mM NaCl

	
0.70 ± 0.00

	
0.72 ± 0.00

	
0.92 ± 0.00

	
0.56 ± 0.00




	
Giza132

	
Control

	
0.36 ± 0.00

	
0.34 ± 0.01

	
0.55 ± 0.01

	
0.21 ± 0.00




	
100 mM NaCl + Ca-LIGNO

	
0.40 ± 0.00

	
0.42 ± 0.01

	
0.63 ± 0.02

	
0.26 ± 0.00




	
200 mM NaCl + Ca-LIGNO

	
0.29 ± 0.00

	
0.21 ± 0.00

	
0.40 ± 0.02

	
0.15 ± 0.00




	
300 mM NaCl + Ca-LIGNO

	
0.29 ± 0.00

	
0.29 ± 0.00

	
0.48 ± 0.00

	
0.16 ± 0.00




	
100 mM NaCl

	
0.31 ± 0.00

	
0.29 ± 0.01

	
0.49 ± 0.01

	
0.16 ± 0.00




	
200 mM NaCl

	
0.30 ± 0.00

	
0.32 ± 0.02

	
0.52 ± 0.00

	
0.16 ± 0.00




	
300 mM NaCl

	
0.29 ± 0.00

	
0.28 ± 0.02

	
0.47 ± 0.02

	
0.16 ± 0.00




	
F. Test

	
**

	
**

	
**

	
**




	
L.S.D

	
0.0314

	
0.0316

	
0.0315

	
0.0445








L.S.D0.05, least significant differences at 0.05 probability level and ** and N.S state the significant, highly significant and not significant respectively. Values are means ± SE of 4 replicates.
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Table 6. Plant height, spike length, number of grains spike-1, grain yield pot-1, 1000-grain weight, and grain protein content of Giza133 and Giza132 barley cultivars under various treatments: (control, NaCl concentrations, and NaCl concentrations + Ca-LIGNO) during two seasons, 2019/2020 and 2020/2021, in combined analysis.






Table 6. Plant height, spike length, number of grains spike-1, grain yield pot-1, 1000-grain weight, and grain protein content of Giza133 and Giza132 barley cultivars under various treatments: (control, NaCl concentrations, and NaCl concentrations + Ca-LIGNO) during two seasons, 2019/2020 and 2020/2021, in combined analysis.





	
Cultivars

	
Treatments

	
Plant Height

(cm)

	
Spike Lengths (cm)

	
No. Grains Spike−1

	
1000-Grain Weight (gm)

	
Grain Yield Pot−1 (gm)

	
Grain Protein Content (%)






	
Giza133

	
Control

	
55.42 ± 2.05

	
8.46 ± 0.15

	
10.20 ± 0.25

	
42.50 ± 1.79

	
14.65 ± 0.51

	
9.48 ± 0.01




	
100 mM NaCl + Ca-LIGNO

	
60.67 ± 1.77

	
9.88 ± 0.12

	
8.95 ± 0.09

	
50.00 ± 2.18

	
35.92 ± 2.15

	
11.36 ± 0.01




	
200 mM NaCl + Ca-LIGNO

	
48.48 ± 0.97

	
8.80 ± 0.14

	
10.40 ± 0.19

	
33.38 ± 0.26

	
21.83 ± 1.18

	
12.13 ± 0.01




	
300 mM NaCl + Ca-LIGNO

	
51.17 ± 0.75

	
7.15 ± 0.12

	
8.40 ± 0.14

	
23.38 ± 1.17

	
15.75 ± 0.77

	
13.82 ± 0.01




	
100 mM NaCl

	
52.29 ± 0.46

	
7.61 ± 0.02

	
10.18 ± 0.27

	
26.68 ± 3.74

	
13.84 ± 0.08

	
9.65 ± 0.04




	
200 mM NaCl

	
51.55 ± 0.53

	
8.13 ± 0.07

	
10.88 ± 0.17

	
26.13 ± 3.50

	
14.18 ± 0.33

	
10.23 ± 0.02




	
300 mM NaCl

	
43.20 ± 0.68

	
7.33 ± 0.26

	
9.68 ± 0.06

	
29.86 ± 4.25

	
12.29 ± 0.44

	
10.88 ± 0.02




	
Giza132

	
Control

	
57.42 ± 1.40

	
9.77 ± 0.29

	
9.90 ± 0.30

	
32.00 ± 0.83

	
16.18 ± 0.67

	
9.27 ± 0.03




	
100 mM NaCl + Ca-LIGNO

	
59.25 ± 0.44

	
9.95 ± 0.11

	
11.60 ± 0.15

	
38.50 ± 1.15

	
22.38 ± 1.04

	
11.04 ± 0.03




	
200 mM NaCl + Ca-LIGNO

	
44.67 ± 0.61

	
9.45 ± 0.15

	
10.98 ± 0.21

	
26.00 ± 0.75

	
13.45 ± 0.21

	
11.66 ± 0.04




	
300 mM NaCl + Ca-LIGNO

	
43.35 ± 0.38

	
8.00 ± 0.23

	
9.25 ± 0.35

	
20.75 ± 0.63

	
10.85 ± 0.99

	
12.30 ± 0.02




	
100 mM NaCl

	
51.55 ± 1.20

	
9.38 ± 0.16

	
10.00 ± 0.02

	
22.00 ± 0.48

	
12.08 ± 0.10

	
9.44 ± 0.02




	
200 mM NaCl

	
45.89 ± 1.03

	
9.20 ± 0.05

	
9.83 ± 0.28

	
16.88 ± 0.12

	
10.20 ± 0.15

	
9.95 ± 0.62




	
300 mM NaCl

	
38.95 ± 0.40

	
8.54 ± 0.13

	
9.78 ± 0.21

	
17.28 ± 0.97

	
7.68 ± 0.42

	
10.46 ± 0.02




	
F. Test

	

	
*

	
**

	
**

	
*

	
**

	
**




	
L.S.D

	

	
4.135

	
0.5124

	
0.7568

	
5.861

	
3.345

	
0.3164








LSD0.05, least significant differences at 0.05 probability level and *, ** and N.S state the significant, highly significant and not significant respectively. Values are means ± SE of 4 replicates.
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