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			Abstract | Saline water irrigation is considered a severe threat for plants seed germination because it has highest concentration of soluble salts. This study aims to examine the effect of NaCl salt at 100 mM and 200 mM concentrations on linseed (Linum usitatissimum L.) germination, plant growth, nutrients and soluble salts uptake. The results revealed that tested four linseed genotypes showed an overall germination rate of 86-94% at 100 mM NaCl (T2) and 78-84% at 200 mM NaCl (T3) and seedling survival rate of 80-90% at T2 and 40-60% at T3. Seedling survival was related to seedling vigor and tolerance to salinity, as salt tolerant genotypes with healthy seedlings showed better survival and growth rate under salt stress conditions. The minimum relative growth rate was recorded as 68% to respective control in S-907 genotype at 100 mM NaCl while it was 38% of respective control in C-99-3-115 genotype at 200 mM NaCl stress conditions. In linseed growth, K+/Na+ratio proved to be a critical factor in relative growth rate and biomass production while the ability of linseed genotypes to accumulate Na+ at root level and to restrict the entry of this ion to upper parts of the plant seemed to be one of the distinct features of salt tolerant genotypes.Salt tolerant genotypes of linseed expressed a genetic vigour to combat salinity stress by restricting Na+ entry at root level and by using this trait through biotechnology, plant breeders can produce salt tolerant crops.
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			Introduction

			 

			Germination and seedling growth is crucial for initial crop stand under stress conditions. Selection of suitable cultivars showing quick and identical germination under salt stress can add to uniform seedling establishment. Soil salinity and brackish water irrigation imposes severe hazard for crop production especially reducing economic growth in areas of arid and semiarid climate around the globe. Generally, seed germination, seedling growth and seedling vigour are considered very crucial traits for crop productivity in salt stressed soils  (Ratnakar and Rai, 2013). 

			 

			The manifestation of high contents of soluble salts in growth  media significantly reduces  germination rate and ultimately germination percentage of seeds is declined (Wu et al., 2015; Muhammad and Hussain, 2010b). Several studies indicates that seeds of many species which express maximum germination in salt free water, show high sensitivity for salt stress during germination and seedling growth (Al-Taisan, 2010; Berrichi et al., 2010; Keshavarzi et al., 2011; El-Naim et al., 2012; Kandil et al., 2012; Moosavi et al., 2013; Sikha et al., 2013). The injurious impacts of salts occur on seed germination because of osmotic stress and toxicity of specific ion  (Munns et al., 2006; Sayar et al., 2010; Batool et al., 2014). Seed germination is negatively affected under salt stress due to lack of fresh water availability, reduction in stored reserves mobility and alterations in structural organization of seed proteins (Machado et al., 2004; James et al., 2006; Sayar et al., 2010). Seeds need ample water to imbibe and germinate but under the saline conditions the excessive accumulation of salts in the seeds causes the osmotic stress by decreasing the availability of water for imbibitions and germination. Grain shriveling occurs due to water stress (Kazmi et al., 2003). The interactive effect of specific ion and osmotic stress causes a decline in the number of germinated seeds as well as cause the retardation in the rate of germination.

			 

			Linseed (Botanical name; Linum usitatissimum L.) commonly known as flax, is an economically important dual purpose (fiber and oil) medicinal crop. It has great adaptability and product diversity that provides fiber (flax) from stem and oil from seed (linseed). It is widely grown as a minor crop for different types of products all over the world (Ebtihal et al., 2012). During last few decades, several studies have been conducted in Australia, North America, Europe and Asia to get various linseed products. Linseed has significant variations for salinity tolerance but in Pakistan, little work is done on native linseed genotypes in Pakistan and contradictory claims regarding salt tolerance in linseed are reported. For instance, Ashraf and Fatima (1994) reported that extent of salt stress tolerance of linseed  remains same with growth stage and Na+ inclusion in the shoot is the functional trait of salt stress tolerance in the crop. Similarly, Muhammad and Hussain (2010)  evaluated  the physiological responses of some medicinal plants including linseed and concluded that linseed was moderately tolerant in salinity tolerance and can be grown on saline soils to obtain some biomass. These contradictory reports convinced us to conduct comprehensive study of linseed regarding its various aspects from germination to maturity under saline conditions. Thus after screening of native linseed germ plasm (Qayyum et al., 2015), current experiments were designed to evaluate the response of selected linseed genotypes (S-907, C-99-3-115, 637-72 and NO-303) for NaCl stress at germination and seedling stage.

			 

			Materials and Methods

			 

			Seed collection and germination

			A seed germination trial was conducted in laboratory conditions at Saline Agriculture Research Centre, Institute of Soil and Environmental Sciences, University of Agriculture, Faisalabad, Pakistan. Healthy seeds of four linseed genotypes namely: S-907, C-99-3-115 (salt sensitive) and 637-72, NO-303 (salt tolerant) were sown in trays containing pure sand. Four replicates of 50 seeds were germinated in covered, sterilized filter paper moistened with distilled water (control, T1), 100 mM NaCl (T2) and 200 mM of NaCl (T3) solutions. Petri dishes were sealed with para film to prevent evaporation and minimize the changes in the concentration of solutions. Seeds were placed in a growth chamber at 20 ±1 ºC. Seeds with emerged radicals were taken as germinated. Counting of germinated seeds was done on each day until the last 10th day of germination period. Seeds with germinated radicals were discarded from petri dishes and moisture was maintained by adding 5 ml prepared salt solutions after every three days period.

			 

			Nursery raising

			The aqua culture experiment was conducted in the rain protected wire house of Saline Agriculture Research Centre (SARC), University of Agriculture, Faisalabad, Pakistan during September 2012. Healthy seeds of four linseed genotypes namely: S-907, C-99-3-115 (salt sensitive) and 637-72, NO-303 (salt tolerant) selected from the previous experiment (Qayyum et al., 2015), were sown in separate sand filled trays. Trays were sprinkled daily with good quality water to maintain optimum moisture for seed germination. 

			 

			Seedling transplanting

			Nine iron tubs of 200L capacity were filled with distilled water and half strength Hoagland’s solution was added in each tub. Seedlings at four leaf stage were uprooted from sand trays, wrapped with foam at root shoot junction and shifted in holes on thermo pore sheets (sheets of water insulating material used in hydroponic experiment to transplant seedlings of test crop, bought from Pakistan scientific store, Faisalabad) which were placed on 200 L volume iron tub containing half strength Hoagland’s solution (Hoagland and Arnon, 1950). Plant’s roots were aerated by providing air to the nutrient solution for 8 hours a day by air pump and the solution was changed twice a week during four weeks duration of trial. The factorial trial was arranged with complete randomized design using three replications. 

			 

			Treatment application

			After one week of transplanting, NaCl solution was prepared with control (T1),100 mM NaCl (T2) and 200 mM NaCl (T3). The control i.e., tub containing half strength Hoagland’s nutrient solution without added salts, had an EC of 1.17 dS m-1. The required level of treatments in each tub was developed by applying NaCl salts in three increments while control was kept  without salt. The low level of stress (100 mM NaCl) and high level of stress (200 mM NaCl) were maintained throughout the duration of experiment. The pH of growth medium was kept to  6.5±0.5 during the growing period  with 1 M NaOH or HCl as required. 

			 

			Measurements of plant growth and biomass

			After four weeks of salt exposure, , plans were harvested and washed thoroughly with distilled water. Plant growth was measured in terms of measuring fresh and dry weights of roots and stems of linseed genotypes. Fresh weight was taken immediately after harvesting of plants, however, for the determination of dry weight, plants were parted into roots, stems and leaves and dried at 65 ± 5oC for 48 hours to constant weight in a forced air driven oven (Jones and Case, 1990).

			 

			Relative growth rate (RGR)

			For the determination of relative growth rate (RGR, g-1 d-1), dry weight of two consecutive harvests was used.  Three plants were harvested from each tub after two weeks interval. Relative growth rate was determined by the following formula:

			 

			[image: Image1339888.PNG] 

			 

			(Ashraf and Fatima, 1994)

			Where; W= plant dry weight at first harvest; dW= difference in plants dry weightat two harvests and dt= time interval between  two consecutive harvests.

			 

			Determination of Na+ and K+ contents

			After 30 days of salt exposure, three plants from each treatment were harvested, thoroughly washed with salt free distilled water and dried with  blotting paper. At harvesting, roots, stem and leaves were parted  and oven dried at 65±2 oC till constant weight to determine Na+ and K+. For the analysis of Na+ and K+, 50 mg of well ground dried portion of root, stem and leaves was digested separately in 10 mL of di-acids (HNO3:HClO4) mixture. After filtration with Whatman No. 1 filter paper, filtrate was used for Na+ and K+ determination through flame photometer (Jenway PFP7) (Jones and Case, 1990).

			 

			Statistical analysis

			Data taken in the study comprises of three replicates. Analysis of variance (ANOVA) was executed through a statistical package, Statistix 8.1. Significance among treatment means was evaluated at the P ≤ 0.05 levels.  (Steel et al., 1997).

			 

			Results and Discussion

			 

			Seed germination and survival 

			Lab experiment regarding the germination of linseed genotypes revealed that an increase in NaCl concentration adversely affected seed germination and seedling survival percentage of four linseed genotypes. It was noticed that seed germination was 100% under non-saline conditions (control) but at 200 mM NaCl seed germination reduced by84% in salt tolerant genotypes (673-72 and NO-303) while in salt sensitive genotypes, this percentage was even less (78% in S-907 and 80% in C-99-3-115) (Table 1). These findings clearly indicated that seed germination of linseed was inhibited by the manifestation of Na salts in the growing medium. The results also demonstrated that the genotypic variation in seed germination occurred in all linseed genotypes under salinity stress. The genotype NO-303 achieved the maximum  germination percentages at all levels of salt stress. The decline  in seed germination under salt stress might be either due to the decreased rate of water uptake by the seed coat (osmotic shock) and/or alterations of enzymatic or hormonal activities by certain toxic ion accumulation (Sayar et al., 2010; Batool et al., 2014; Wu et al., 2015). Salt sensitive genotypes were affected more by imposing salt stress in terms of reduction in seed germination when  compared with salt tolerant genotypes. Guo et al. (2012) reported the profound reduction in linseed germination under salt stress where absolute growth relative to control was taken as basis of salt tolerance under given salt stress level.. Comparable findings were noted by Khan et al. (2017) in wheat where seed germination decreased with increasing salinity. Seedling survival of all the genotypes was also considerably influenced by NaCl and reduced by50% in salt tolerant genotypes (673-72 and NO-303) and by 40% in salt sensitive genotypes (S-907 and C-99-3-115) (Table 1). This reduction in survival of linseed seedling was highly correlated to germination percentage of seeds (Figure 1). The variation in seedling growth and survival might also be due to seed reserves as greater seed weight was stemmed in vigorous seedling growth as speculated by Kaya et al. (2008) in chickpea and Kaya and Day (2008) in sunflower. 
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			Figure 1: Correlation between germination and survival among linseed genotypes.

			 

			Relative growth rate and biomass production

			To make more reliable and applicable comparisons of plant growth among genotypes under salt stress, relative growth rate is taken as a very critical parameter than absolute growth. The findings of our work clearly showed  the response of linseed genotypes exposed to increasing NaCl concentrations as RGR and shoot fresh weight reduced significantly. This reduction in RGR and root and shoot biomass could be owing to toxicity of specific ions or declined osmotic potential in addition to reduced extensibility of cell wall (Zorb et al., 2015; Feng et al., 2016). There are several reports on osmotic stress and ion toxicity resulted from salt stress in linseed (El-Beltagi et al., 2008; Muhammad and Hussain, 2010; Kaya et al., 2012). Relative growth rate (RGR) of salt sensitive genotypes was severely reduced by the application of salinity and it reduced to 38% of respective control at 200 mM NaCl (Table 2).  This reduction in RGR might reduce the root and shoot biomass production in linseed genotypes at higher levels of salinity and severe reduction in root biomass was noted as compared to shoot biomass at higher level of salinity especially in salt sensitive genotypes (Table 3). These outcomes are identical to the results of Ashraf and Fatima (1994) and Khan et al. (2007) who reported the same results in linseed. Similarly, declined RGR and plant root and shoot biomass during salt stress was observed in several other species (Bakht et al., 2006; Turan et al., 2009; Kaya et al.,2012; Rab et al., 2017; Zaman et al., 2015; Ali et al., 2019; Shafique et al., 2019). This decline in growth is triggered by salt induced drought stress. Drought reduces the metabolic activity of plants, leading to the stunted growth and development (Maqbool et al., 2015; Jatoi et al., 2011).

			 

			Sodium and potassium percentage in roots, stems and leaves of linseed

			Salt tolerant genotypes had high potential to check Na+ entry to the upper parts of plant and bound more Na+ in their roots in comparison of salt sensitive genotypes (Table 4, Figure 2). This potential indicates the availability of more carriers leading to faster ion uptake in tolerant genotypes (Almeida et al., 2017; Gupta and Huang, 2014). Thus salt tolerant genotypes had low Na+ accumulation in stems as well as leaves. In addition, tolerant genotypes proved themselves as the high accumulator of K+ in stems (Table 5, 6). Root Na+ and K+ contents did not show significant interaction with dry matter production. Interaction of stem and leaf Na+ contents with stem dry weight was less than that of stem and leaf K+ contents.
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			Figure 2: Distribution of Na+ ion in different parts (root, stem and leaves) of linseed genotypes at different salinity levels. T1= Control (Hoagland’s solution, EC 1.17 dS m-1); T2 = 100 mM NaCl; T3 = 200 mM NaCl.

			 

			Potassium to sodium ratio in roots, stems and leaves of linseed

			K+/Na+ratio of root, stem and leaves showed even better interaction with shoot dry weight of linseed genotypes and proved important criteria for salt stress tolerance. Increased salinity reduced K+/Na+ ratio in salt sensitive genotypes while salt tolerant genotypes possessed higher K+/Na+ ratio in roots, stems and leaves.  Stem K+/Na+ ratio of linseed genotypes was more than that of roots and leaves (Table 7, Figure 3). Wu et al. (2015) reported the same results in sunflower while Kaya et al. (2012) also observed that salt tolerant genotypes of linseed possessed lesser  Na+/ K+

			Table 1: Effect of different levels of NaCl (mM) on germination and survival of linseed genotypes.

			 

			
				
					
					
					
					
					
					
					
				
				
					
							Genotypes
							Germination (%).
							Survival (%)
					

					
							Control
							NaCl (100 mM)
							NaCl (200 mM)
							Control
							NaCl (100 mM)
							NaCl (200 mM)
					

					
							
							S-907

						
							
							100±1.73

						
							
							86 ±2.03

						
							
							78±1.45

						
							
							100±1.15

						
							
							80 ±2.31

						
							
							40 ±1.53

						
					

					
							
							C-99-3-115

						
							
							100±2.31

						
							
							88 ±2.65

						
							
							80 ±2.89

						
							
							100 ±1.73

						
							
							90±2.52

						
							
							60±2.08

						
					

					
							
							637-72

						
							
							100±2.31

						
							
							93 ±2.08

						
							
							84±1.86

						
							
							100 ±1.73

						
							
							90 ±1.15

						
							
							60 ±2.89

						
					

					
							
							NO-303

						
							
							100±2.89

						
							
							94 ±2.65

						
							
							84±3.06

						
							
							100 ±3.21

						
							
							80±2.31

						
							
							50 ±3.46

						
					

				
			

			

			Each value is an average of 3 replications ± SE.

			 

			Table 2: Relative growth rate, stem fresh and dry weight of linseed genotypes at different salinity levels.

			 

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							Genotypes
							
							RGR (g g-1 d-1)

						
							
							SFW (g plant-1)

						
							
							SDW (g plant-1)

						
					

					
							Control
							NaCl (100 mM)
							NaCl (200 mM)
							Control
							NaCl (100 mM)
							NaCl (200 mM)
							Control
							NaCl (100 mM)
							NaCl (200 mM)
					

					
							
							S-907

						
							
							0.80±0.15

						
							
							0.55±0.13 (68%)

						
							
							0.34±0.11 (42%)

						
							
							8.27±0.32

						
							
							5.07 ±0.28 (61%)

						
							
							3.43 ±0.24 (41%)

						
							
							0.97±0.18

						
							
							0.54±0.12 (56%)

						
							
							0.29±0.13 (30%)

						
					

					
							
							C-99-3-115

						
							
							0.84±0.14

						
							
							0.59±0.13 (70%)

						
							
							0.32±0.09 (38%)

						
							
							7.87±0.27

						
							
							4.80 ±0.42 (61%)

						
							
							2.90 ±0.21 (37%)

						
							
							0.92±0.17

						
							
							0.51±0.11 (55%)

						
							
							0.27±0.07 (29%)

						
					

					
							
							637-72

						
							
							0.90±0.16

						
							
							0.73±0.13 (81%)

						
							
							0.50±0.10 (55%)

						
							
							13.30±0.34

						
							
							11.20±0.25 (84%)

						
							
							6.55 ±0.28 (49%)

						
							
							1.11±0.12

						
							
							1.03±0.13 (92%)

						
							
							0.51±0.10 (46%)

						
					

					
							
							NO-303

						
							
							0.94±0.18

						
							
							0.80±0.16 (86%)

						
							
							0.50±0.13 (53%)

						
							
							11.61±0.26

						
							
							10.21±0.18 (88%)

						
							
							5.02 ±0.48 (43%)

						
							
							1.05±0.16

						
							
							0.85±0.10 (81%)

						
							
							0.33±0.13 (32%)

						
					

				
			

			

			Each value is an average of 3 replications ± SEand values in parenthesis are the percent (%) of their respective control.

			 

			Table 3: Root fresh and dry weight of linseed genotypes at different salinity levels.

			 

			
				
					
					
					
					
					
					
					
				
				
					
							Genotypes
							
							RFW (g plant-1)

						
							
							RDW (g plant-1)

						
					

					
							Control
							NaCl (100 mM)
							NaCl (200 mM)
							Control
							NaCl (100 mM)
							NaCl (200 mM)
					

					
							
							S-907

						
							
							9.77±0.17

						
							
							4.18±0.13 (43%)

						
							
							3.07±0.35 (31%)

						
							
							0.83±0.19

						
							
							0.29±0.09 (35%)

						
							
							0.19±0.08 (23%)

						
					

					
							
							C-99-3-115

						
							
							9.03±0.10

						
							
							4.60±0.29 (51%)

						
							
							4.03±0.15 (45%)

						
							
							0.67±0.13

						
							
							0.32±0.11 (48%)

						
							
							0.23±0.12 (35%)

						
					

					
							
							637-72

						
							
							9.59±0.20

						
							
							7.42±0.10 (77%)

						
							
							5.54±0.20 (58%)

						
							
							0.74±0.15

						
							
							0.50±0.13 (67%)

						
							
							0.37±0.10 (51%)

						
					

					
							
							NO-303

						
							
							10.51±0.25

						
							
							10.03±0.26 (95%)

						
							
							9.39±0.21 (89%)

						
							
							1.28±0.10

						
							
							1.06±0.15 (83%)

						
							
							0.71±0.13 (55%)

						
					

				
			

			

			Each value is an average of 3 replications ± SE and values in parenthesis are the percent of their respective control .

			 

			Table 4: Effect of different levels of NaCl (mM) on Na+ and K+ contents in roots of salt sensitive (S-907 and C-99-3-115) and salt tolerant (637-72 and NO-303) genotypes of linseed.

			 

			
				
					
					
					
					
					
					
					
				
				
					
							Genotypes
							
							Na+ (%)

						
							
							K+ (%)

						
					

					
							Control
							NaCl (100 mM)
							NaCl (200 mM)
							Control
							NaCl (100 mM)
							NaCl (200 mM)
					

					
							
							S-907

						
							
							1.45±0.10 

						
							
							5.04±0.07 

						
							
							7.99±0.02 

						
							
							2.86±0.06

						
							
							1.30±0.03 

						
							
							0.45 ±0.05 

						
					

					
							
							C-99-3-115

						
							
							1.43±0.05 

						
							
							5.62±0.09 

						
							
							10.11±0.06

						
							
							2.88±0.07 

						
							
							1.69 ±0.05 

						
							
							0.55 ±0.08 

						
					

					
							
							637-72

						
							
							1.36±0.07 

						
							
							7.06±0.09 

						
							
							12.63±0.02 

						
							
							3.14±0.03

						
							
							2.03±0.08 

						
							
							1.19 ±0.03 

						
					

					
							
							NO-303

						
							
							1.38±0.05

						
							
							5.75±0.08 

						
							
							10.31±0.06 

						
							
							3.16±0.07

						
							
							2.26± 0.08 

						
							
							2.46 ±0.05 

						
					

				
			

			

			Each value is an average of 3 replications ± SE.

			 

			Table 5: Effect of different levels of NaCl (mM) on Na+ and K+ contents in stems of salt sensitive (S-907 and C-99-3-115) and salt tolerant (637-72 and NO-303) genotypes of linseed.

			 

			
				
					
					
					
					
					
					
					
				
				
					
							Genotypes
							
							Na+ (%)

						
							
							K+ (%)

						
					

					
							Control
							NaCl (100 mM)
							NaCl (200 mM)
							Control
							NaCl (100 mM)
							NaCl (200 mM)
					

					
							
							S-907

						
							
							0.51±0.02 

						
							
							3.13±0.04 

						
							
							4.12±0.08 

						
							
							1.64±0.03

						
							
							1.17±0.09 

						
							
							0.49 ±0.06 

						
					

					
							
							C-99-3-115

						
							
							0.46±0.03 

						
							
							3.80±0.07 

						
							
							4.51±0.06

						
							
							1.65±0.05 

						
							
							1.06 ±0.07 

						
							
							0.88 ±0.06 

						
					

					
							
							637-72

						
							
							0.45±0.03 

						
							
							2.97±0.01 

						
							
							3.74±0.06 

						
							
							2.01±0.07

						
							
							1.71±0.02 

						
							
							2.57 ±0.08 

						
					

					
							
							NO-303

						
							
							0.44±0.02

						
							
							3.09±0.03 

						
							
							3.35±0.03 

						
							
							2.03±0.09

						
							
							1.53± 0.05 

						
							
							2.23 ±0.02 

						
					

				
			

			

			Each value is an average of 3 replications ± SE.

			Table 6: Effect of different levels of NaCl (mM) on Na+ and K+ contents in leaves of salt sensitive (S-907 and C-99-3-115) and salt tolerant (637-72 and NO-303) genotypes of linseed. 

			 

			
				
					
					
					
					
					
					
					
				
				
					
							Genotypes
							
							Na+ (%)

						
							
							K+ (%)

						
					

					
							Control
							NaCl (100 mM)
							NaCl (200 mM)
							Control
							NaCl (100 mM)
							NaCl (200 mM)
					

					
							
							S-907

						
							
							0.14± 0.03 

						
							
							3.55±0.05 

						
							
							4.51±0.03 

						
							
							1.80 ± 0.06

						
							
							0.76±0.03 

						
							
							0.40 ±0.05 

						
					

					
							
							C-99-3-115

						
							
							0.18± 0.03 

						
							
							3.42±0.03 

						
							
							4.51±0.02

						
							
							1.81±0.05 

						
							
							0.68 ±0.02 

						
							
							0.21 ±0.03 

						
					

					
							
							637-72

						
							
							0.22± 0.09 

						
							
							3.37±0.04 

						
							
							4.51±0.01 

						
							
							1.87±0.02

						
							
							1.67±0.04 

						
							
							1.89 ±0.06 

						
					

					
							
							NO-303

						
							
							0.14± 0.06

						
							
							3.44±0.05 

						
							
							3.34±0.02 

						
							
							1.88±0.03

						
							
							1.68± 0.01 

						
							
							2.00 ±0.03 

						
					

				
			

			

			Each value is an average of 3 replications ± SE.

			 

			Table 7: Effect of different levels of NaCl (mM) on K+: Na+ ratios in roots, stems and leaves of salt sensitive (S-907 and C-99-3-115) and salt tolerant (637-72 and NO-303) genotypes of linseed.

			 

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							Genotypes
							
							K+:Na+ ratio in roots

						
							
							K+:Na+ ratio in stems

						
							
							K+:Na+ ratio in leaves

						
					

					
							Control
							NaCl (100 mM)
							NaCl (200 mM)
							Control
							NaCl (100 mM)
							NaCl (200 mM)
							Control
							NaCl (100 mM)
							NaCl (200 mM)
					

					
							
							S-907

						
							
							1.98± 0.11

						
							
							0.26±0.04 

						
							
							0.06±0.01 

						
							
							3.23± 0.19

						
							
							0.38±0.03 

						
							
							0.12±0.01 

						
							
							15.07± 4.48

						
							
							0.21±0.04 

						
							
							0.09±0.01 

						
					

					
							
							C-99-3-115

						
							
							2.02± 0.12

						
							
							0.30±0.05 

						
							
							0.05±0.01 

						
							
							3.62± 0.17 

						
							
							0.28±0.04 

						
							
							0.19±0.02 

						
							
							10.72± 1.59

						
							
							0.20±0.03 

						
							
							0.05±0.01 

						
					

					
							
							637-72

						
							
							2.32± 0.09

						
							
							0.29±0.02 

						
							
							0.10±0.01 

						
							
							4.51± 0.17 

						
							
							0.57±0.02 

						
							
							0.69±0.05 

						
							
							11.51± 3.66

						
							
							0.50±0.06 

						
							
							0.42±0.01 

						
					

					
							
							NO-303

						
							
							2.30± 0.08 

						
							
							0.39±0.02 

						
							
							0.24±0.01 

						
							
							4.62± 0.02

						
							
							0.49±0.05 

						
							
							0.67±0.03 

						
							
							18.55± 6.88

						
							
							0.49±0.05 

						
							
							0.60±0.01 

						
					

				
			

			

			Each value is an average of 3 replications ± SE.

			 

			ratio when compared with their sensitive competitors. Our results are in contradiction with that of Ashraf and Fatima (1994) who found that high K+/Na+ ratio was the characteristics of salt sensitive accessions of linseed. The healthier growth of salt tolerant genotypes might have provided adequate energy for active uptake of K+ and for active removal of Na+ at root level across the plasma membrane and tonoplast. 

			 

			[image: Image1339910.PNG]Figure 3: Distribution of K+ ion in different parts {root, stem and leaves} of linseed genotypes at different salinity levels. T1= Control (Hoagland’s solution, EC 1.17 dS m-1); T2 = 100 mM NaCl; T3 = 200 mM NaCl.

			 

			Conclusions and Recommendations

			 

			In conclusion, the findings of conducted experimentrevealed thatsalt tolerant genotypes of linseed showed a relatively good seed germination, seedling survival ion selectivity and high interaction of ionic parameters especially K+/Na+ ratio in stems and leaves and can be used as useful criteria of salt tolerance in linseed genotypes. The ability of genotypes to accumulate Na+ at root levels and to restrict the entry of this ion to upper parts of the plant seems to be one of the distinct features of salt tolerant linseed genotypes. This trait can be manipulated by plant breeders for developing salt tolerant varieties of linseed which can be grown on saline soils.
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Abstract | Saline water irrigation is considered a severe threat for plants seed germination because it has
highest concentration of soluble salts. This study aims to examine the effect of NaCl salt at 100 mM and 200
mM concentrations on linseed (Linum usitatissimum L.) germination, plant growth, nutrients and soluble
salts uptake. The results revealed that tested four linseed genotypes showed an overall germination rate of
86-94% at 100 mM NaCl (T)) and 78-84% at 200 mM NaCl (T) and seedling survival rate of 80-90% at
T, and 40-60% at T . Seedling survival was related to seedling vigor and tolerance to salinity, as salt tolerant
genotypes with healthy seedlings showed better survival and growth rate under salt stress conditions. The
minimum relative growth rate was recorded as 68% to respective control in S-907 genotype at 100 mM NaCl
while it was 38% of respective control in C-99-3-115 genotype at 200 mM NaCl stress conditions. In linseed
growth, K*/Na‘ratio proved to be a critical factor in relative growth rate and biomass production while the
ability of linseed genotypes to accumulate Na* at root level and to restrict the entry of this ion to upper parts
of the plant seemed to be one of the distinct features of salt tolerant genotypes.Salt tolerant genotypes of
linseed expressed a genetic vigour to combat salinity stress by restricting Na* entry at root level and by using
this trait through biotechnology, plant breeders can produce salt tolerant crops.
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Introduction globe. Generally, seed germination, seedling growth

and seedling vigour are considered very crucial traits

ermination and seedling growth is crucial

for initial crop stand under stress conditions.
Selection of suitable cultivars showing quick and
identical germination under salt stress can add to
uniform seedling establishment. Soil salinity and
brackish water irrigation imposes severe hazard for
crop production especially reducing economic growth
in areas of arid and semiarid climate around the

for crop productivity in salt stressed soils (Ratnakar

and Rai, 2013).

The manifestation of high contents of soluble salts
in growth media significantly reduces germination
rate and ultimately germination percentage of seeds
is declined (Wu et al., 2015; Muhammad and Hus-
sain, 2010b). Several studies indicates that seeds of
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