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Populations of barley landrace [Hordeum vulgare (L.)] and wild barley progenitor [Hordeum spontaneum (L.)] were collected from
13 diverse eco-geographical regions in Jordan. In addition to two check varieties (Rum and Acsad 165) were collected from farmers’
fields. In total, 28 genotypes were evaluated during germination, early seedling and maturity stages for salt tolerance. Barley
populations were exposed to tap water of 0.85 dS m™* and saline solutions (NaCl, CaCl, and MgSQ,) of 4, 8, 12 and 16 dS m™. Final
germination percentage, the lengths of shoot and seminal root, growth and yield related traits were significantly decreased by
increasing the level of salinity. Proline content was increased by increasing the level of salinity. A high level of salinity of 16 dS m™
had a strong impact on reduction of grain yield and other agronomic traits in the examined populations. A considerable variation
among populations was detectable. Barley landrace and wild barley that were collected from Tafila region were the most tolerant
grown populations in Jordan. Interestingly, the ranking pattern of these two populations at the germination and seedling related-
traits was consistent with the ranking pattern at the maturity phase. In conclusion, this study indicates that barley landrace and
wild barley populations are potential donors for genes of salt tolerance that can be used to enhance salinity tolerance in barley.

Keywords: barley landrace, germination, grain yield, proline, salt stress, semi-arid conditions, wild barley, yield components.
Abbreviations: ANOVA_analysis of variance; Ca_calcium; CaCl, calcium chloride; Cl_chloride; cm_centimeter; °C_degree
centigrade; dS m"l_deci siemens per meter; hz_heritability estimate; h_hour; K_potassium; kg_kilogram; mm_millimeter;
Mg_magnesium; MgS0O, magnesium sulfate; Na_sodium; NaCl_sodium chloride; NaOCI_sodium hypochlorite; O,_dimer oxygen;
S_sulfur; SO,4_sulfate; SAS_statistical analysis software; SSR_simple sequence repeats; SNP_single nucleotide polymorphism;
WI_value of recorded trait under salt stress; SI_value of recorded trait under non-salt stress; YD_mean of a particular trait in salt
treatment; YP_mean value under non-stress treatment.

Barley [Hordeum vulgare (L.)] is a major economic and cropping system of this region. Salinity is a major problem
important crop in the world. It has been used as a model that affects the economic vyield of agricultural crops
crop for genetic and physiological studies (Koornneef et al., worldwide. High concentrations of salt cause deleterious
1997; Takahashi et al.,, 2001; Abdel-Ghani et al., 2014). effects on plant (Bernstein, 1962; Kramer and Boyer, 1996).
Barley is cultivated on mountains with an average of 300 Moreover, the intensive use of fertilizers and irrigation of
mm rainfall and in desert fringes with an average of 100 mm saline water have resulted in salinization of agricultural soails,
rainfall in Jordan (Harlan, 1976; Abdel-Ghani et al., 2004). and therefore have dramatically led to the decrease of
Barley landraces were developed and resulted from natural germination, plant growth and yield losses (Bernstein, 1962).
and farmer-direct selection of thousands of years (Harlan, Barley is the most salt-tolerant cereal crop compared to
1975; Frankel et al., 1995; Abdel-Ghani et al., 2004). wheat crop (Maas, 1986; Forster et al., 1990). However, a
However, wild barley H. vulgare spp. spontaneum (H. significant level of genetic variability of barley population
spontaneum) was considered the progenitor of cultivated exists in their sensitivity to salt stress (Omara and Hussein,
barley H. vulgare L spp. vulgare (H. vulgare) (Zohary and 1987; Troech and Thompson, 1993; Abdel-Ghani, 2009).

Hopf, 2000). Barley landrace and its wild progenitor are both Salt-tolerant crops continue to perform under salt stress and
considered potential sources of useful genes for biotic and have the potential to maintain a reasonable yield under such
abiotic stresses. They are habitants of high rainfall regions as conditions (Zhu, 2001; Parida and Das, 2005). The response
well as adapted to dry regions (Harlan, 1975, 1976; Blum et of plant to salt stress is a complex trait with a polygenic
al., 1989; Jaradat et al.,, 2004a), offering a high value, inheritance (Sousa et al., 2003; Carillo et al., 2012; Deinlien
drought-tolerant crop that increases diversity in the annual et al., 2014; Gupta and Huang, 2014). Plant breeders can
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directly select for grain yield or perform selection for traits
related to salt stress (Nevo and Chen, 2010; Roy et al.,,
2014). The salt stress intensity index is used as an indicator
on the performance of a genotype under salt stress
comparable to non-stress conditions where tolerant
genotypes display a minimum loss in grain yield (Sinha,
1987; Adjel et al., 2013; Allel et al., 2019). Various desirable
traits such as high germination percentage and vigorous
seedling are used for indirect selection to improve the
adaptability of barley crop under salt stress (Jaradat et al.,
2004b; Okcu et al., 2005; Zhang et al., 2010). In addition,
other desirable traits are also considered in selection for salt
tolerance such as the minimum levels of leaf injury, low Na*
or ClI" accumulation in leaves (Rahnama et al., 2011) and high
K+/Na+ ion ratio in plant tissue (Flowers and Hajibagheri,
2001; Chen et al., 2007; Shabala et al., 2007). Detection of
barley genotypes to salt tolerance could allow these
genotypes to be hybridized with elite barley genotypes in
order to enhance their adaptability to salt stress.
Furthermore, these genotypes could be used directly in the
case of barley landrace for the same purpose. The objectives
of this study were to: i) screen potential gene donors for salt
tolerance in a set of barley genotypes (landrace and wild), ii)
assess the response of barley landrace and its wild
progenitor to the increased level of salinity at germination,
seedling and maturity stages, and iii) estimate the variance
component, heritability and genetic correlation coefficients.

Effect of salt stress on germination

There were differences in response for salt stress within wild
barley genotypes. The highest germination percentage at
different levels of salt stress was obtained in the control
treatment of 0.85 dS m™. This was significantly higher than
the final germination under salinization treatments of 8, 12
and 16 dSm™. However, the overall response of germination
to low salinization treatment of 4 dS m" was not
significantly different from the control. The responses of
germination were averaged over genotypes based on the
final germination and seedling attributes as shown in Table
1. The reduction in germination in barley landraces and two
improved varieties was from 0.89 to 6.13% when the salinity
was increased from 0.85 to 16 dS m™. However, the
reduction in the final germination in the wild genotype was
3.89% in salt-free medium to 28.90% at 16 dS m™ (Table 2).
The final germination percentage for landraces and two
improved varieties exceeded 89 and 84% germination at 12
and 16 dSm™, respectively (Table 3).

Effect of salt stress on seedling growth

Seedling, seminal and root length were drastically reduced
in response to salt stress. The number of seminal roots and
coleoptile length was the least affected seedling; whereas
shoot and root dry weight were moderately reduced in
response to salinity stress. Seminal root length was severely
inhibited by salinity levels more than the shoots at low of 4
and 8 dSm™ levels of salinity. The low salinity treatment of 4
ds m™ had a significant effect in the reduction of seedling
growth as compared to other treatments of 8, 12 and 16 dS
mt. However, wild genotypes had severe reduction in all
seedling related traits as compared to barley landraces at
treatment of 8 dSm™ and higher (Tables 2 and 5).
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Effect of salt treatment on growth and yield traits

There was significant effect in the reduction of plant above
ground biomass (grain yield, biological and straw yield) and
yield components (number of tillers per plant, number of
grains per spike and thousand-kernel weight) for all salinity
treatments (Table 4). The reduction was higher under high
levels of salinity as compared with low levels of salinity. All
agronomic traits displayed a significant genotype x salt
treatment, except grain yield, number of fertile tillers and
days to heading. In general, all over genotypes, the
reduction in yield occurred due to the reduction in yield
components (Tables 5 and 6). A few barley landraces and
wild genotypes exhibited the lowest reduction in yield
components at increased level of salt.

Effect of salt stress on plant height and days to heading
and maturity

The increased level of salinity had significant decrease on
the plant height. There were a variety and treatment
interaction, which had a significant effect on plant height
and phenological traits.

Accumulation of proline in leaves

Free proline accumulation in barley leaves was increased by
increasing the severity of salinization. There was a significant
interaction between variety and salt level on accumulation
of proline in leaves (Table 4). Nevertheless, there was no
association between content of proline in leaves and grain
yield.

Susceptibility index at different levels of salinity

Stress susceptibility index 'S' for germination, seedling
related-traits and agronomic parameters are presented in
Tables 2, 3, 5 and 6. The values of stress susceptibility index
were increased by increasing the level of salinity for all
recorded variables.

Genetic variance and heritability estimates

Genotype x salinity interactions were significant for final
germination percentage, seedling length, seminal root
length, seedling length, plant height, harvest index,
phenological traits and content of proline. Heritability
estimates (hz) ranged from 48.03 for days to heading to 0.98
for germination percentage. The variation was obvious
among genotypes due to genotype, genotype x salinity level
and phenotypic variances for final germination percentage,
seedling  related-traits and various morphological,
agronomic, and phenological parameters as shown in Tables
7 and 8. The results show that wild barley and cultivated
barley are cross compatible, which indicate the possibility of
introgression of cultivated barley with genes from wild
barley gene pool. Therefore, incorporating genes from
barley landrace and its wild relative may substantially
improve the performance of barley varieties to tolerance of
salt stress. Previous studies (Nevo et al., 1984; Weltzien,
1989; Weltzien and Fischbeck, 1990; Jaradat, 1991; Morrell
and Clegg, 2007) showed that natural populations of H.
spontaneum and barley landraces from the Fertile Crescent
were major sources of genes for disease resistance and



Table 1. Effect of different levels of salinity on some seedling characteristics of the 28 barley genotypes.

Varieties FGP NSR SL cL SRL SOW RDW RDW:SDW  SRLSL
Hs 1S 54.00 5.35 14.24 14.24 8.40 11.73 7.41 0.82 0.64
Hs MM 52.33 4.98 12.11 12.11 5.65 12.94 5.73 0.48 0.47
Hs AS 73.67 5.75 12.92 12.92 5.29 17.04 4.75 0.30 0.42
Hs JO 83.34 5.48 14.80 14.79 6.43 20.77 7.98 0.39 0.43
Hs sY 71.00 5.87 12.85 12.85 6.64 18.34 7.48 0.43 0.50
Hs AS 55.20 5.04 12.22 12.22 5.65 13.25 4.67 0.42 3.20
Hs MT 45.00 4.57 13.11 13.11 7.27 12.24 5.82 0.77 0.54
Hs DB 54.00 5.77 13.22 13.22 6.60 17.88 7.32 0.42 0.51
Hs KF 70.00 5.89 14.54 14.54 5.86 17.60 531 0.61 0.46
Hs KM 76.87 5.34 12.77 12.77 535 13.99 5.07 0.58 0.55
Hs TA 89.667 5.11 15.47 15.47 6.29 14.54 5.03 0.42 0.43
Hs SG 79.00 5.04 14.06 14.06 437 11.53 4.53 0.46 0.34
Hs MB 95.00 4.16 14.71 14.71 5.53 11.03 3.29 0.32 0.51
Rum 95.67 6.613 18.30 183 9.49 20.15 6.54 0.35 0.54
LRIS 94.67 6.08 15.22 15.22 6.45 13.86 4.36 0.41 0.43
LR MM 96.33 6.87 17.16 17.16 6.44 16.22 532 0.34 0.39
LRAS 97.67 5.79 14.42 14.42 7.13 14.98 4.70 031 0.49
LRJO 97.67 5.73 15.25 15.25 6.96 13.82 4.68 0.35 0.44
LRSY 98.67 5.98 15.31 15.31 6.86 17.05 5.30 0.54 0.54
LRAS 99.33 6.69 17.10 17.10 7.37 21.40 5.86 0.29 0.44
LR MT 99.33 6.43 16.06 16.06 6.95 16.23 432 0.27 0.44
LRDB 98.00 6.16 15.77 15.77 7.29 15.36 4.18 0.26 0.47
LRKF 98.67 6.61 16.70 16.70 8.60 15.33 5.16 0.44 0.52
LRKM 97.67 5.90 16.83 16.87 9.17 14.87 4.29 0.29 0.52
LRTA 98.67 6.82 16.85 16.85 7.78 15.62 4.41 0.29 0.49
LRSG 99.33 5.67 15.76 15.76 7.83 13.85 4.73 0.34 0.49
LR MB 93.00 4.40 8.28 8.28 6.07 10.32 335 0.33 0.71
Acsad 165 94.00 6.19 12.72 12.72 4.72 14.44 5.77 0.44 0.44
1SD(0.05) 5.47 0.62 2.42 2.42 1.88 3.36 1.29 0.22 0.16
5.35 14.24 14.24 8.40 11.73 7.41 0.82 0.64
Salt level (dS m™)
1.1 90.33 6.62 20.61 433 11.68 19.81 6.98 0.37 6.98
4 88.57 6.23 18.75 413 8.23 17.79 5.76 0.33 5.76
(1.95) (5.89) (9.02) (4.62) (29.54) (10.20) (17.48) (10.81) (17.48)
8 83.84 5.72 15.52 3.87 5.97 15.65 5.15 0.38 5.14
(7.18) (13.60) (24.70) (10.62) (48.89) (21.00) (26.22) (-2.70) (26.36)
12 81.31 5.26 10.60 3.59 4.82 13.19 4.80 0.41 4.80
(9.99) (20.54) (48.57) (17.09) (58.73) (33.42) (31.23) (-10.81) (31.23)
16 76.96 4.79 7.51 3.12 3.13 9.70 3.62 0.58 3.61
(14.80) (27.64) (63.56) (27.94) (73.20) (51.03) (48.14) (-56.76) (48.28)
1SD(0.05) 231 0.26 1.02 0.25 0.79 1.42 0.55 0.09 0.07
Interaction *x NS NS NS NS NS NS ** NS

Values in the brackets indicate % reduction over their respective control. * and ** Significant at 0.05 and 0.01 probability levels, respectively. NS = non-significant at P = 0.05.
FGP, final germination percentage; NSR, number of seminal roots; SL, seedling length; CL, coleoptile length; SRL, seminal root length, SDW, shoot dry weight; RDW, root dry
weight.
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Fig 1. A map highlighting the collection sites of barley landrace and wild barley progenitor from 13 different sites, Jordan.
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Table 2. Salt susceptibility index (S) and percent of reduction (PR) in seedling characteristics of 13 genotypes of H. spontaneum.

Salinity s PR

level

(dsm™) Genotype FGP NSR SL RL CL SDW RDW FGP NSR SL RL CL SDW RDW

4 Hs IS 0.00 0.16 0.36 1.98 0.43 0.59 0.12 0.00 0.96 3.28 58.56  2.00 6.04 2.04
Hs MM 1.35 2.70 -0.07 1.27 0.63 0.19 0.97 2.63 15.90 -0.65 37.64 292 1.94 17.00
Hs AS 1.01 1.89 0.40 0.50 1.28 0.38 0.15 1.96 11.11  3.62 14.65 5.93 3.84 2.61
Hs JO 0.95 1.92 1.90 1.47 1.39 -0.05  0.27 1.85 11.30 17.13 4339 6.42 -0.49 4.69
Hs SY 1.01 0.48 0.93 1.58 0.18 0.25 1.92 1.96 2.80 8.41 46.74  0.82 2.59 33.51
Hs AS 2.18 0.50 0.41 0.91 211 2.76 1.61 4.26 2.94 3.68 26.99 9.76 28.15 28.13
Hs MT 15.02 -0.21 0.50 0.72 1.06 0.43 0.08 29.27 -1.27  4.55 21.26  4.88 4.36 1.35
Hs DB 1.47 1.37 1.55 1.22 0.72 0.37 2.71 2.86 8.08 13.95 3598 3.33 3.73 47.34
Hs KF 1.07 0.67 1.03 1.47 0.36 0.96 0.70 2.08 3.96 9.29 43.32  1.68 9.74 12.17
Hs KM 1.01 0.00 2.29 1.12 1.05 1.86 0.96 1.96 0.00 20.69 33.09 4.84 18.99 16.73
Hs TA 1.80 0.55 0.13 1.40 0.65 0.12 2.18 3.51 3.23 1.21 41.50 3.01 1.19 38.12
Hs SG -0.90 0.99 2.24 1.88 0.39 1.12 1.05 -1.75 5.81 20.19 5541 1.80 1141 18.34
Hs MB 0.00 0.25 0.03 0.41 3.31 0.48 0.50 0.00 1.45 0.31 12.11 1530 4.86 8.74
Min. -0.90 -0.21  -0.07 0.41 0.18 -0.05 0.08 -1.75 -1.27 -0.65 12.11 0.82 -0.49 1.35
Max. 15.02 2.70 2.29 1.98 3.31 2.76 2.71 29.27 15.90 20.69 5856 15.30 28.15 47.34
Mean 2.00 0.87 0.90 1.23 1.04 0.73 1.02 3.89 5.10 8.13 36.20 4.82 7.41 17.75

8 Hs IS 1.25 6.12 2.89 1.90 2.36 2.23 0.32 2.44 36.06 26.12 56.17 10.89 22.76 5.56
Hs MM 20.26  2.65 4.44 2.15 2.38 0.48 1.55 39.47 15.63 40.11 63.60 11.01 4.92 27.07
Hs AS 7.04 1.54 3.43 1.62 1.79 0.86 0.56 13.73 9.09 30.98 47.74 8.26 8.74 9.80
Hs JO 4.75 3.92 3.15 2.08 -0.60 1.18 0.28 9.26 23.08 28.44 61.38 -2.75 12.03 4.86
Hs SY 12.08 3.93 4.51 2.50 0.89 3.41 2.11 23.53 23.13 40.68 73.84 4.10 34.79 36.81
Hs AS 3.55 3.74 3.59 1.85 2.73 3.81 1.61 6.91 22.06 3240 5460 12.60 38.86 28.17
Hs MT 18.78 1.61 2.23 2.09 3.34 2.74 1.23 36.59 9.49 20.10 61.71 1545 2791 21.43
Hs DB 2.93 1.83 4.19 1.56 0.90 1.33 2.91 5.71 10.77 37.84 46.07 4.17 13.56  50.89
Hs KF 9.62 2.86 2.75 1.76 0.18 1.17 0.53 18.75 16.83 24.82 5193 0.84 11.97 9.24
Hs KM 4.43 2.53 3.87 1.34 3.84 2.39 1.35 8.63 14.89 34.89 39.58 17.74 2438 23.59
Hs TA 3.60 2.01 2.50 1.96 3.09 0.31 2.44 7.02 11.83 22,52 57.75 1429 3.16 42.56
Hs SG 13.51 1.38 3.05 2.01 1.76 1.53 2.80 26.32 8.14 27.54 59.40 8.11 15.63  48.98
Hs MB 0.00 1.23 2.20 1.05 8.28 2.98 1.08 0.00 7.25 19.84 31.14 38.25 30.44 18.88
Min. 0.00 1.23 2.20 1.05 -0.60 0.31 0.28 0.00 7.25 19.84 31.14 -2.75 3.16 4.86
Max. 20.26  6.12 4.51 2.50 8.28 3.81 2.91 39.47 36.06 40.68 73.84 38.25 38.86 50.89
Mean 7.83 2.72 3.29 1.84 2.38 1.88 1.44 15.26 16.02 29.71 5422 11.00 19.16 25.22

12 Hs IS 13.77 6.69 8.10 2.43 8.19 5.49 -3.47 26.83 39.42 7313 7182 3783 56.01 -60.71
Hs MM 8.10 3.98 8.40 2.68 4.96 4.72 1.34 15.79 23.45 75.83 79.21 22,92 48.15 23.36
Hs AS 14.09 3.86 6.66 1.91 2.24 2.12 1.00 27.45 22.73 60.11 56.45 10.34 21.60 17.52
Hs JO 5.70 6.37 5.59 211 1.79 2.95 3.52 11.11 37.50 50.46 62.43 8.26 30.05 6157
Hs SY 16.10 5.71 5.63 2.28 0.71 3.67 2.08 31.37 33.64 50.85 67.44 3.28 37.42 36.38
Hs AS 7.64 5.77 6.49 2.13 3.02 3.22 1.90 14.89 33.99 58.58 62.88 13.96 32.83 33.27
Hs MT 22.53  4.19 7.13 2.56 5.63 4.14 -0.17 43.90 24.68 64.34 7548 26.02 42.25 -2.89
Hs DB 5.87 3.11 6.61 2.04 1.71 3.93 2.82 11.43 18.35 59.62 60.33 7.92 40.03  49.37
Hs KF 9.62 3.99 7.15 2.19 4.14 1.63 0.67 18.75 23.51 6455 64.69 19.12 16.64 11.64
Hs KM 6.04 4.74 7.93 1.92 7.16 4.72 2.68 11.76 2793 71.60 56.80 33.06 48.09 46.76
Hs TA 4.50 4.75 4.01 1.77 4.72 2.93 1.62 8.77 2796 36.16 52.33 21.80 29.92 28.27
Hs SG 1441 271 5.89 211 1.76 2.61 3.03 28.07 1599 53.13 6231 8.11 26.64 5291
Hs MB 0.88 3.20 6.27 1.98 9.57 3.42 1.59 1.72 18.84 56.58 58.48 44.21 3492 27.83
Min 0.88 2.71 4.01 1.77 0.71 1.63 -3.47 1.72 15.99 36.16 52.33 3.28 16.64 -60.71
Max. 22.53  6.69 8.40 2.68 9.57 5.49 3.52 43.90 39.42 75.83 79.21 4421 56.01 6157
Mean 9.94 4.54 6.61 2.16 4.28 3.50 1.43 19.37 26.77 59.61 63.90 19.76 35.73 25.02

16 Hs IS 38.81 6.37 8.72 2.75 12.27 7.54 1.36 75.61 37.50 78.73 81.28 56.67 76.92 23.81
Hs MM 1486 7.21 7.93 2.75 7.38 2.54 1.48 28.95 42,50 71.56 81.27 34.08 25.85 25.89
Hs AS 12.08 3.66 6.84 2.27 2.87 3.26 1.44 23.53 2155 61.70 67.14 13.28 33.21 25.13
Hs JO 7.60 5.55 7.17 2.63 2.18 5.80 3.66 14.81 32.69 64.74 77.82 10.09 59.18 64.01
Hs SY 13.08 4.92 8.13 2.72 6.98 5.97 3.61 25.49 28.97 73.39 80.23 32.24 60.88 63.11
Hs AS 17.20 11.98 9.33 3.23 11.09 6.88 4.06 33.51 70.59 84.24 95.40 51.22 70.12 70.89
Hs MT 31.30 5.69 7.45 2.65 15.05 8.45 1.20 60.98 33.54 67.22 78.26 69.51 86.14 21.05
Hs DB 8.80 4.33 6.70 2.35 2.71 4.35 4.25 17.14 25.51 60.49 69.45 12,50 4431 74.29
Hs KF 11.76  3.11 9.39 2.68 7.78 8.55 0.45 22.92 18.32 84.76 79.23 3592 87.23 7.85
Hs KM 13.08 5.24 9.24 2.56 9.60 6.32 3.16 25.49 30.85 83.38 75.49 4435 64.47 55.15
Hs TA 4.50 7.57 7.73 2.59 7.65 4.88 2.12 8.77 4462 69.72 76.44 3534 49.77 37.09
Hs SG 16.21 5.13 7.66 2.58 4.10 6.30 3.45 31.58 30.23  69.17 76.22 1892 64.22 60.25
Hs MB 3.54 3.44 8.71 2.00 11.12 5.86 1.79 6.90 20.29 7859 59.17 51.37 59.76 31.23
Min. 3.54 3.11 6.70 2.00 2.18 2.54 0.45 6.90 18.32 60.49 59.17 10.09 25.85 7.85
Max. 38.81 11.98 9.39 3.23 15.05 8.55 4.25 75.61 70.59 84.76 95.40 69.51 87.23 74.29
Mean 14.83 5.71 8.08 2.60 7.75 5.90 2.46 28.90 33.63 7290 76.72 3581 60.16 43.06

FGP, final germination percentage; NSR, number of seminal roots; SL, seedling length; CL, coleoptile length; SRL, seminal root length, SDW, shoot dry weight; RDW, root dry weight.
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Table 3. Salt susceptibility index (S) and percent of reduction (PR) in seedling related-traits of 13 genotypes of landrace and two
improved varieties of barley.

Salinity S PR
level
(dS m'l) Genotype FGP NSR SL RL CL SDW RDW FGP NSR SL RL CL SDW RDW
4 Rum 0.86 1.48 0.82 0.31 0.76 1.38 0.12 1.67 8.70 7.39 9.10 3.51 14.03 2.06
LR1IS 0.86 0.24 0.16 0.89 1.11 3.04 1.17 1.67 1.42 1.40 26.32 5.13 30.97 20.49
LR MM 0.86 0.87 1.63 0.26 0.50 0.28 0.60 1.67 5.13 14.67 7.64 2.33 2.81 10.55
LR AS 0.00 0.18 0.71 0.97 -0.16 1.81 1.89 0.00 1.05 6.38 28.68 -0.74 18.43 33.04
LRJO 0.86 1.07 1.66 0.29 0.23 0.84 0.96 1.67 6.32 14.95 8.68 1.07 8.52 16.71
LRSY 0.00 1.04 0.45 0.23 1.57 0.47 0.94 0.00 6.12 4.11 6.79 7.26 4.76 16.43
LR AS 0.86 0.46 1.12 0.45 0.83 0.68 1.11 1.67 2.70 10.10 13.29 3.85 6.94 19.43
LR MT 0.00 2.57 1.39 0.00 -0.18 1.00 0.38 0.00 15.14 12.54 0.00 -0.83 10.22 6.67
LRDB 0.00 2.00 2.16 0.37 1.31 0.54 0.63 0.00 11.76 19.53 10.82 6.06 5.48 11.03
LR KF 0.00 1.08 0.94 1.51 0.00 2.78 0.16 0.00 6.36 8.45 44.64 0.00 28.38 2.78
LRKM 0.00 1.37 1.59 0.91 1.62 1.62 0.28 0.00 8.08 14.36 26.92 7.46 16.50 4.81
LRTA 0.00 1.05 1.01 0.41 2.89 0.91 -1.30 0.00 6.19 9.08 12.00 13.34 9.29 -22.68
LR SG 0.00 0.37 -0.15 0.61 1.51 0.89 1.99 0.00 2.20 -1.39 17.94 6.98 9.03 34.76
LR MB 0.87 1.51 1.65 2.00 1.73 0.88 2.20 1.69 8.92 14.92 58.97 8.00 8.95 38.41
Acsad 165 1.74 0.63 0.83 1.64 -0.18 1.18 0.23 3.39 3.70 7.49 48.39 -0.81 12.04 3.97
Min 0.00 0.18 -0.15 0.00 -0.18 0.28 -1.30 0.00 1.05 -1.39 0.00 -0.83 2.81 -22.68
Max 1.74 2.57 2.16 2.00 2.89 3.04 2.20 3.39 15.14 19.53 58.97 13.34 30.97 38.41
Mean 0.46 1.06 1.06 0.72 0.90 1.22 0.76 0.89 6.25 9.60 21.35 4.17 12.42 13.23
8 Rum 1.71 3.25 2.69 1.25 4.62 1.57 0.82 3.33 19.13 24.27 36.92 21.34 15.97 14.33
LRIS 2.57 2.82 1.61 1.61 3.33 4.22 247 5.00 16.59 14.49 47.70 15.38 43.08 43.12
LR MM 0.86 2.61 1.82 1.17 2.01 0.70 0.94 1.67 15.38 16.47 34.55 9.30 7.17 16.35
LR AS 0.86 1.61 3.25 1.98 1.11 2.47 2.39 1.67 9.47 29.30 58.60 5.15 25.22 41.78
LRJO 0.86 1.07 1.84 1.01 0.89 2.47 1.76 1.67 6.32 16.61 29.93 4.11 25.14 30.82
LRSY 0.86 0.91 1.55 0.62 2.49 1.21 1.41 1.67 5.36 13.96 18.40 11.50 12.34 24.71
LR AS 0.00 0.76 3.01 1.33 2.32 2.74 1.23 0.00 4.50 27.13 39.27 10.71 27.99 21.45
LR MT 0.00 1.71 2.57 1.25 -1.80 1.79 1.05 0.00 10.09 23.22 36.82 -8.33 18.28 18.29
LRDB 0.00 1.66 243 0.82 1.31 3.38 2.16 0.00 9.80 21.89 24.26 6.06 34.42 37.68
LR KF 0.86 1.39 2.64 1.41 1.15 3.69 0.47 1.67 8.18 23.78 41.58 5.33 37.66 8.23
LRKM 0.86 1.54 2.00 1.27 2.10 191 1.26 1.67 9.09 18.03 37.39 9.70 19.43 22.02
LRTA 0.86 1.35 1.41 1.86 3.19 1.25 -0.11 1.67 7.96 12.74 54.93 14.72 12.72 -1.89
LR SG 0.00 1.12 1.99 1.86 1.45 1.42 2.33 0.00 6.59 17.94 55.03 6.72 14.48 40.64
LR MB 1.74 4.02 2.80 1.98 3.18 1.62 2.36 3.39 23.69 25.31 58.41 14.67 16.53 41.33
Acsad 165 2.61 2.51 2.55 2.16 1.20 1.72 0.58 5.08 14.81 23.01 63.80 5.55 17.50 10.15
Min. 0.00 0.76 1.41 0.62 -1.80 0.70 -0.11 0.00 4.50 12.74 18.40 -8.33 7.17 -1.89
Max. 2.61 4.02 3.25 2.16 4.62 4.22 247 5.08 23.69 29.30 63.80 21.34 43.08 43.12
Mean 0.97 1.89 2.28 1.44 1.90 2.14 1.41 1.90 11.13 20.54 42,51 8.79 21.86 24.60
12 Rum 4.28 3.39 4.67 1.44 4.88 2.29 1.41 8.33 20.00 42.12 42.55 22.56 23.36 24.66
LRIS 4.28 3.46 3.90 1.47 2.33 4,51 237 8.33 20.38 35.20 43.50 10.77 45.95 41.37
LR MM 3.42 3.19 4.50 1.68 3.19 2.62 1.78 6.67 18.80 40.57 49.64 14.73 26.73 31.13
LR AS 0.86 1.97 5.36 2.33 1.75 2.54 3.04 1.67 11.58 48.34 68.83 8.09 25.92 53.14
LRJO 0.86 2.14 3.46 1.70 4.60 2.96 2.01 1.67 12.63 31.23 50.33 21.23 30.19 35.18
LRSY 0.86 1.91 4.50 1.20 2.99 2.94 2.69 1.67 11.22 40.60 35.47 13.81 30.01 47.06
LR AS 0.00 1.99 4.63 1.64 3.51 3.93 2.30 0.00 11.71 41.79 48.34 16.21 40.04 40.14
LR MT 0.00 2.08 3.38 1.54 -2.96 2.84 1.32 0.00 12.23 30.55 48.34 16.21 28.99 40.14
LRDB 2.57 2.00 4.26 1.20 3.93 3.49 2.38 5.00 11.76 38.46 35.41 18.14 35.64 41.56
LR KF 0.86 2.47 4.55 1.76 2.54 3.84 1.38 1.67 14.55 41.05 51.91 11.73 39.18 24.04
LRKM 2.57 2,91 5.53 2.20 2.54 2.95 1.50 5.00 17.17 49.93 64.87 11.75 30.09 26.30
LRTA 0.86 2.25 4.48 1.95 4.08 2.24 -1.02 1.67 13.27 40.45 57.73 18.84 22.80 -17.89
LR SG 0.00 1.87 3.58 221 2.01 1.16 2.38 0.00 10.99 32.29 65.41 9.30 11.82 41.61
LR MB 4.35 4.86 5.15 2.12 6.64 412 3.06 8.47 28.62 46.50 62.64 30.67 42.05 53.47
Acsad 165 3.48 2.62 2.28 2.22 2.33 3.86 0.86 6.78 15.43 20.57 65.47 10.77 39.38 15.05
Min. 0.00 1.87 2.28 1.20 -2.96 1.16 -1.02 0.00 10.99 20.57 35.41 -13.67 11.82 -17.89
Max. 4.35 4.86 5.53 2.33 6.64 4,51 3.06 8.47 28.62 49.93 68.83 30.67 45.95 53.47
Mean 1.95 2.61 4.28 1.78 2.96 3.09 1.83 3.79 15.36 38.64 52.51 13.66 31.48 31.99
16 Rum 4.28 3.54 4.81 2.26 6.07 2.70 2.02 8.33 20.87 43.38 66.83 28.05 27.53 35.38
LRIS 5.99 4.99 5.44 2.17 2.50 4.88 3.02 11.67 29.38 49.12 64.14 11.54 49.74 52.71
LR MM 4.28 3.48 4.76 1.93 3.19 3.28 2.52 8.33 20.51 42.96 57.09 14.73 33.48 44,01
LR AS 4.28 3.57 6.87 2.62 2.71 3.14 3.26 8.33 21.05 62.03 77.31 12.50 32.03 56.94
LRJO 3.42 3.75 6.34 2.30 4.75 4.32 2.45 6.67 22.11 57.23 67.85 21.92 44.02 42.82
LRSY 1.71 3.29 7.11 1.74 3.72 4.42 2.83 3.33 19.39 64.20 51.32 17.17 45.08 49.50
LR AS 0.86 4,94 6.97 221 8.06 5.42 3.11 1.67 29.13 62.91 65.26 37.23 55.32 54.36
LR MT 1.71 3.43 6.74 2.22 1.53 6.39 3.05 3.33 20.18 60.84 65.71 7.08 65.14 53.33
LRDB 2.57 2.33 7.79 2.40 6.85 4.71 4.83 5.00 13.73 70.27 70.82 31.65 48.06 84.42
LR KF 1.71 3.39 7.51 2.70 5.20 4.70 1.79 3.33 20.00 67.77 79.65 24.00 47.96 31.32
LRKM 2.57 3.26 6.16 2.60 3.23 3.32 2.71 5.00 19.19 55.60 76.85 14.93 33.82 47.41
LRTA 1.71 3.35 3.91 2.17 4.58 2.97 2.33 3.33 19.76 35.24 64.00 21.14 30.25 40.80
LR SG 1.71 2.18 4.35 2.26 2.13 3.12 2.51 3.33 12.82 39.26 66.68 9.82 31.78 43.79
LR MB 6.96 5.48 6.10 2.92 6.98 4.32 3.04 13.56 32.31 55.06 86.32 32.22 44.06 53.16
Acsad 165 3.48 6.13 6.70 2.32 3.76 4.26 1.89 6.78 36.11 60.49 68.64 17.35 43.42 32.98
Min. 0.86 2.18 3.91 1.74 1.53 2.70 1.79 1.67 12.82 35.24 51.32 7.08 27.53 31.32
Max. 6.96 6.13 7.79 2.92 8.06 6.39 4.83 13.56 36.11 70.27 86.32 37.23 65.14 84.42
Mean 3.15 3.81 6.10 2.32 4.35 4.13 2.76 6.13 22.44 55.09 68.56 20.09 42.11 48.20

FGP, final germination percentage; NSR, number of seminal roots; SL, seedling length; CL, coleoptile length; SRL, seminal root |ength, SDW, shoot dry weight; RDW, root dry weight.
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Table 4. Effect of different levels of salinity on agronomic parameters and proline accumulation in leaves of the 28 genotypes of

barley.
Genotype PH GY BY SY HI NT HSW SS DH DM GFP Proline
S
Hs IS 90.80 2.07 6.82 4.38 0.32 5.26 3.33 11.15 95.35 135.35 39.90 9.14
Hs MM 84.33 1.58 6.63 4.27 0.24 4.68 331 10.28 92.55 134.55 42.00 8.95
Hs AS 82.93 1.66 6.56 4.77 0.27 431 3.57 11.06 94.90 135.35 40.45 7.66
Hs JO 80.33 191 7.06 4.85 0.27 4.60 3.28 12.46 92.70 132.30 39.60 8.86
Hs SY 83.63 2.06 7.74 5.50 0.27 5.06 3.56 11.28 96.50 134.95 38.45 9.25
Hs AS 92.35 212 7.36 5.15 0.28 5.15 3.19 12.95 98.70 131.95 33.25 11.31
Hs MT 93.30 1.47 6.14 4.39 0.23 4.35 3.03 11.21 93.45 134.70 41.25 9.11
Hs DB 86.38 1.66 6.43 4.65 0.26 4.45 3.33 11.17 93.75 130.85 37.10 16.79
Hs KF 90.65 219 6.77 4.56 0.33 4.32 3.59 12.14 93.75 129.95 35.80 14.47
Hs KM 87.68 1.78 6.28 4.48 0.30 4.37 3.25 12.82 94.15 130.90 35.95 12.23
Hs TA 89.10 231 6.11 4.08 0.38 5.67 3.35 12.19 92.60 132.65 40.05 22.16
Hs SG 82.20 1.64 7.25 4.82 0.22 5.08 2.75 11.54 92.75 131.45 38.45 18.91
Hs MB 82.12 193 6.18 4.59 0.29 4.79 3.22 12.01 92.65 132.75 40.10 14.58
Rum 66.45 1.83 4.68 3.73 0.38 2.20 4.95 16.04 88.20 125.90 37.70 16.87
LRIS 70.30 213 6.61 4.55 0.32 4.28 5.63 8.76 87.95 124.55 36.60 15.27
LR MM 66.25 2.61 6.66 3.52 0.39 3.24 5.13 15.70 89.70 128.65 38.95 16.09
LR AS 67.20 2.25 6.25 3.87 0.36 4.48 5.35 9.81 90.55 127.40 36.85 15.66
LRJO 73.10 233 6.45 4.12 0.36 4.10 5.24 11.03 90.10 128.50 38.40 12.90
LR SY 72.40 1.90 6.21 3.87 0.31 3.45 5.08 10.33 89.45 126.95 37.50 14.742
LR AS 67.30 2.00 7.26 4.47 0.31 3.58 5.26 10.75 89.55 125.75 36.20 14.58
LR MT 72.05 217 6.04 3.55 0.35 4.52 5.37 8.91 88.60 125.15 36.55 15.23
LR DB 73.93 2.79 7.36 4.38 0.38 473 5.30 11.59 89.05 125.40 36.35 14.13
LR KF 73.25 2.45 7.09 453 0.5 4.47 5.26 10.69 87.95 124.25 36.30 12.87
LR KM 66.85 2.90 7.65 4.58 0.38 531 5.05 10.83 88.00 124.25 36.15 13.29
LRTA 69.30 213 7.13 4.83 0.29 5.37 5.09 8.04 89.45 125.25 35.80 16.53
LR SG 66.20 2.09 6.23 4.10 0.33 5.01 5.16 8.38 88.45 125.80 37.25 16.55
LR MB 64.03 3.32 6.65 4.21 0.35 5.44 5.61 7.66 89.05 123.60 34.55 15.47
Acsad 165 65.50 1.01 6.53 5.18 0.14 3.67 473 5.57 87.00 122.60 35.60 20.74
LSD(0.05) 7.42 0.41 0.99 0.72 0.09 0.75 0.45 1.73 3.04 2.03 3.62 3.86
Salt level
(dsm™)
0.85 83.41 283 7.53 4.90 0.38 5.15 4.83 12.45 92.65 130.46 37.80 4.90
4 79.06 221 6.53 4.24 0.34 4.52 4.53 11.39 93.21 132.08 38.83 7.34
(5.22) (21.91) (13.28) (13.47) (10.53) (12.23) (6.21) (8.51) (-0.60) (-1.24) (-2.72) (-49.80)
8 78.27 1.90 6.39 4.25 0.30 4.42 4.27 10.75 89.63 127.81 38.18 10.29
(6.16) (32.86) (15.14) (13.27) (21.05) (14.17) (11.59) (13.65) (3.26) (2.03) (-1.01) (-110.00)
12 74.21 1.70 6.62 4.48 0.26 4.28 4.10 10.14 90.84 128.00 37.16 21.83
(11.03) (39.93) (12.08) (8.57) (31.58) (16.89) (15.11) (18.55) (1.95) (1.89) (1.69) (-345.51)
16 70.86 1.60 6.15 4.06 0.27 4.29 3.88 9.75 90.64 126.56 36.10 26.06
15.05 43.46 18.33 17.14 28.95 16.70 19.67 21.69 217 2.99 4.50 -431.84
LSD (0.05) (3.14) (0.17) (0.42) (0.26) (0.02) (0.32) (0.19) (0.72) (1.28) (0.93) (1.53) (1.63)
Interactio **
n *% NS NS NS * *% *x * *%
Values in the brackets indicate % reduction over their respective control.
*and ** Significant at 0.05 and 0.01 probability levels, respectively. NS = non-significant at P =0.05.
PH, plant height; GY, grain yield; BY, biological yield, SY, straw yield; HlI, harvest index; NT, number of tillers; HSW, hundred seed weight; SS, seeds per spike; DH, days to heading; DM, days to mat urity;
GFP, grain filling period.
Table 5. Salt susceptibility index (S) and percent of reduction (PR) in agronomic traits of 13 genotypes of H. spontaneum.
Salinity level S PR
(dS mrl) Genotype GY BY SY NT HSW SS GY BY SY NT HSW SS
4 Hs IS 0.01 0.28 0.35 0.18 0.42 -0.69 0.20 5.02 6.38 3.27 7.55 -12.42
Hs MM 1.87 1.46 2.30 2.43 -1.09 0.29 33.64 26.27 41.40 43.66 -19.60 5.23
Hs AS 0.53 0.87 0.76 0.77 -1.38 1.13 9.46 15.66 13.58 13.87 -24.83 20.22
Hs JO 0.48 1.24 191 0.12 0.42 0.02 8.60 22.24 34.36 2.17 7.51 0.43
Hs SY 0.23 -0.14 -0.02 0.23 -0.10 0.15 4.09 -2.53 -0.40 4.15 -1.75 271
Hs AS 1.41 1.25 1.56 0.04 0.51 0.31 25.40 22.54 28.07 0.81 9.20 5.57
Hs MT 0.18 0.12 0.10 0.63 -0.19 1.04 3.20 2.20 1.75 11.36 -3.42 18.65
Hs DB 1.04 1.03 0.88 0.76 0.17 0.22 18.75 18.43 15.77 13.67 3.11 3.98
Hs KF 1.02 0.70 1.12 1.80 -1.15 0.32 18.32 12.65 20.09 32.38 -20.65 5.66
Hs KM 0.93 0.50 0.46 0.30 0.04 0.46 16.72 8.99 8.26 5.37 0.81 8.30
Hs TA 0.06 0.23 1.33 0.38 -0.54 0.16 1.05 4.19 23.95 6.76 -9.70 2.80
Hs SG 1.84 0.60 0.83 1.50 0.17 0.55 33.09 10.81 14.97 26.90 3.08 9.85
Hs MB 0.73 0.63 1.09 0.27 0.08 0.42 13.03 11.29 19.57 4.86 1.50 7.51
Min. 0.01 -0.14 -0.02 0.04 -1.38 -0.69 0.20 -2.53 -0.40 0.81 -24.83 -12.42
Max 1.87 1.46 2.30 2.43 0.51 1.13 33.64 26.27 41.40 43.66 9.20 20.22
Mean 0.79 0.67 0.97 0.72 -0.20 0.34 14.27 12.14 17.52 13.02 -3.63 6.04
8 Hs 1S 0.54 -1.10 -1.13 -0.26 0.09 0.64 9.66 -19.69 -20.22 -4.70 1.54 11.48
Hs MM 1.88 0.54 0.72 1.35 -0.98 1.72 33.74 9.75 12.91 24.26 -17.68 30.96
Hs AS 1.46 1.41 1.21 1.07 -0.10 0.69 26.23 25.42 21.76 19.26 -1.84 12.45
Hs JO 1.46 0.82 0.51 -0.55 0.89 1.19 26.29 14.69 9.14 -9.82 16.06 21.40
Hs SY 2.42 0.96 1.02 1.58 0.29 0.39 43.40 17.16 18.34 28.31 5.25 7.08
Hs AS 2.29 1.47 0.97 1.21 0.51 0.90 41.16 26.49 17.42 21.77 9.20 16.23
Hs MT 1.47 0.15 0.14 1.16 0.33 111 26.50 2.69 2.44 20.80 5.88 20.03
Hs DB 1.49 1.28 0.97 0.72 0.37 0.43 26.74 23.07 17.47 12.90 6.57 7.77
Hs KF -0.19 -0.57 1.28 -0.18 -1.11 0.42 -3.46 -10.25 22.97 -3.25 -20.03 7.55
Hs KM 1.22 0.59 0.55 0.45 0.38 0.14 21.89 10.60 9.81 8.01 6.89 2.58
Hs TA 0.25 0.79 -0.92 0.22 -0.51 0.53 4.54 14.22 -16.59 3.92 -9.24 9.57
Hs SG 2.89 0.68 0.91 1.90 1.07 0.71 51.93 12.30 16.37 34.11 19.24 12.70
Hs MB 191 0.52 1.25 0.69 0.19 0.85 34.40 9.42 22.42 12.36 3.50 15.22
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Min. -0.19 -1.10 -1.13 -0.55 -1.11 0.14 -3.46 -19.69 -20.22 -9.82 -20.03 2.58
Max 3.64 1.47 1.28 2.30 1.26 1.72 65.33 26.49 22.97 41.31 22.73 30.96
Mean 1.57 0.50 0.49 0.83 0.17 0.76 28.17 8.96 8.85 14.82 2.96 13.65
12 Hs IS 3.64 -0.76 -1.05 2.30 1.26 1.32 65.33 -13.66 -18.94 41.31 22.73 23.74
Hs MM 3.04 -0.03 -0.18 1.69 0.65 1.50 54.64 -0.55 -3.19 30.29 11.61 26.95
Hs AS 1.68 1.03 0.61 1.19 -0.16 0.77 30.18 18.56 10.97 21.32 -2.79 13.79
Hs JO 2.35 0.66 0.28 1.19 0.94 0.81 42.16 11.89 5.05 21.41 16.84 14.56
Hs SY 2.00 1.01 1.06 1.62 0.01 0.32 35.94 18.11 19.10 29.12 0.14 5.77
Hs AS 2.69 1.35 0.80 1.68 0.39 1.02 48.25 24.31 14.46 30.12 7.10 18.36
Hs MT 2.07 0.60 0.38 1.38 0.31 1.42 37.15 10.85 6.85 24.77 5.56 25.50
Hs DB 1.84 1.07 1.04 1.14 0.57 0.46 33.10 19.31 18.76 20.44 10.17 8.33
Hs KF 0.65 0.19 1.12 0.75 -0.39 0.66 11.62 3.41 20.17 13.54 -7.09 11.94
Hs KM 1.60 0.85 0.81 1.04 0.43 0.26 28.71 15.26 14.59 18.65 7.77 4.65
Hs TA 0.32 -0.75 -0.49 -0.45 -0.06 0.83 5.67 -13.51 -8.88 -8.11 -0.99 14.95
Hs SG 3.04 1.26 1.29 1.97 1.26 0.93 54.69 22.62 23.13 35.45 22.71 16.70
Hs MB 2.13 0.62 1.27 0.96 0.74 0.96 38.24 11.18 22.76 17.27 13.21 17.31
Min. 0.32 -1.11 -1.43 -0.45 -0.39 0.26 5.67 -19.93 -25.70 -8.11 -7.09 4.65
Max 3.64 1.47 1.29 2.30 1.28 1.72 65.33 26.49 23.13 41.31 23.06 30.96
Mean 2.14 0.58 0.56 1.26 0.49 0.94 38.40 10.46 9.99 22.68 8.87 16.88
16 Hs IS 3.46 -1.11 -1.43 1.66 1.28 1.66 62.18 -19.93 -25.70 29.82 23.06 29.76
Hs MM 3.13 0.35 0.13 1.57 0.93 1.72 56.27 6.36 2.30 28.17 16.68 30.90
Hs AS 2.08 1.21 0.96 1.28 0.27 1.02 37.37 21.82 17.24 23.04 4.85 18.39
Hs JO 3.20 0.91 0.57 1.30 1.92 1.11 57.46 16.32 10.18 23.43 34.52 19.97
Hs SY 2.33 1.21 1.25 1.71 -0.09 0.81 41.86 21.68 22.43 30.73 -1.61 14.62
Hs AS 2.65 1.70 1.21 1.77 0.68 0.43 47.69 30.58 21.81 31.85 12.24 7.80
Hs MT 2.27 1.03 1.22 1.44 0.58 1.57 40.75 18.59 21.97 25.87 10.49 28.19
Hs DB 2.03 0.15 1.05 1.09 0.56 0.81 36.46 2.78 18.90 19.56 10.10 14.58
Hs KF 0.78 1.32 2.49 0.79 -0.70 0.92 14.03 23.64 44.69 14.17 -12.55 16.60
Hs KM 2.27 2.45 2.61 1.39 0.42 0.53 40.81 44.01 46.93 24.89 7.55 9.49
Hs TA 0.78 0.70 1.10 -0.75 0.43 0.95 14.08 12.60 19.77 -13.51 7.79 17.14
Hs SG 3.30 1.83 1.99 2.07 1.19 1.26 59.38 32.79 35.67 37.25 21.45 22.64
Hs MB 2.89 1.32 2.44 1.19 1.20 1.12 52.01 23.69 43.82 21.30 21.50 20.09
Min. 0.32 -1.11 -1.43 -0.75 -0.70 0.26 5.67 -19.93 -25.70 -13.51 -12.55 4.65
Max 3.64 2.45 2.61 2.30 1.92 1.72 65.33 44.01 46.93 41.31 34.52 30.96
Mean 2.25 1.01 1.16 1.20 0.58 1.01 40.50 18.13 20.88 21.51 10.52 18.19
PH, plant height; GY, grain yield; BY, biological yield, SY, straw yield; NT, number of tillers; HSW, hundred seed weight; SS, seeds per spike; DH, days to heading; DM, days to maturity; GFP, grain filling
period.
Table 6. Salt susceptibility index (S) and percent of reduction (PR) in agronomic traits of 13 barley landraces and two improved
varieties of barley.
Salinity S PR
level
(dS m'l) genotype GY BY Stw NT HSW SS GY BY Sy NT HSW SS
4 Rum 1.09 0.48 0.54 0.67 0.05 0.44 19.57 8.66 9.62 11.98 0.88 7.87
LRIS 1.09 0.15 0.03 0.43 0.12 0.37 19.58 2.72 0.56 7.71 2.15 6.61
LR MM 1.34 0.55 0.38 0.36 0.36 0.75 24.07 9.83 6.81 6.40 6.54 13.53
LR AS 1.72 -0.12 -1.21 0.18 1.15 0.46 30.92 -2.15 -21.77 3.30 20.75 8.20
LRJO 2.12 1.66 1.37 0.77 0.24 1.69 38.14 29.83 24.61 13.85 4.40 30.34
LRSY 1.33 0.63 0.40 1.17 0.05 0.37 23.97 11.35 7.18 21.02 0.98 6.61
LR AS 1.52 0.97 0.57 1.09 0.33 0.23 27.34 17.39 10.21 19.50 5.91 4.21
LR MT 3.07 1.26 1.10 2.46 0.67 0.57 55.19 22.57 19.80 44.18 11.98 10.17
LRDB 0.22 0.02 -0.13 -0.10 -0.03 0.23 4.04 0.41 -2.33 -1.80 -0.60 4.22
LR KF 1.32 0.73 0.35 -0.09 1.27 0.50 23.65 13.17 6.25 -1.57 22.84 8.92
LR KM 1.06 0.62 0.83 0.26 0.78 0.09 19.09 11.21 14.82 4.65 13.94 1.59
LRTA 1.35 0.31 -0.28 0.08 0.12 1.13 24.19 5.64 -5.11 1.47 2.19 20.34
LR SG 1.59 0.75 0.18 0.18 1.05 1.26 28.55 13.46 3.26 331 18.87 22.57
LR MB 0.71 0.34 0.11 0.15 0.20 0.53 12.77 6.14 2.00 2.61 3.64 9.49
Acsad 165 3.51 2.61 1.00 1.51 241 0.57 63.08 46.83 17.90 27.06 43.23 10.27
Min. 0.22 -0.12 -1.21 -0.10 -0.03 0.09 4.04 -2.15 -21.77 -1.80 -0.60 1.59
Max 3.51 2.61 1.37 2.46 241 1.69 63.08 46.83 24.61 44.18 43.23 30.34
Mean 1.54 0.73 0.35 0.61 0.58 0.61 27.61 13.14 6.25 10.91 10.51 11.00
8 Rum 2.79 1.28 0.50 1.22 1.22 0.91 50.04 22.99 8.97 21.89 21.92 16.39
LRIS 2.49 0.86 0.17 0.75 1.49 0.43 44.66 15.41 3.06 13.54 26.77 7.72
LR MM 1.69 0.81 0.48 0.51 0.56 0.86 30.37 14.50 8.54 9.15 10.11 15.45
LR AS 1.84 0.48 -0.15 1.12 0.00 0.57 33.06 8.67 -2.69 20.16 0.04 10.32
LRJO 1.63 1.37 1.21 1.17 0.31 0.59 29.30 24.66 21.73 21.03 5.49 10.66
LRSY 2.45 1.73 2.18 1.36 1.27 0.66 43.99 31.09 39.23 24.40 22.77 11.78
LR AS 1.70 0.84 0.83 111 0.08 0.78 30.47 15.17 14.84 19.97 1.44 13.99
LR MT 2.79 1.43 1.22 1.61 1.58 0.89 50.08 25.73 21.88 28.93 28.32 15.97
LRDB 231 0.50 0.29 0.89 1.15 0.42 41.59 9.02 5.27 16.02 20.64 7.62
LRKF 1.61 0.93 0.48 -0.17 1.47 0.48 28.99 16.75 8.66 -3.08 26.47 8.64
LRKM 1.60 0.97 1.32 0.38 1.21 0.37 28.83 17.51 23.67 6.78 21.72 6.66
LRTA 1.87 0.67 -0.02 0.55 0.13 1.39 33.59 12.07 -0.38 9.91 2.29 25.03
LR SG 1.63 0.85 0.33 0.47 1.36 0.65 29.31 15.30 5.88 8.52 24.36 11.61
LR MB 1.21 0.59 0.39 0.36 0.36 0.67 21.72 10.67 7.03 6.39 6.48 12.08
Acsad 165 3.71 1.92 0.69 1.29 0.97 2.38 66.70 34.57 12.41 23.15 17.52 42.82
Min 1.21 0.48 -0.15 -0.17 0.00 0.37 21.72 8.67 -2.69 -3.08 0.04 6.66
Max 3.71 1.92 2.18 1.61 1.58 2.38 66.7 34.57 39.23 28.93 28.32 42.82
Mean 2.088 1.02 0.66 0.84 0.88 0.80 37.51 18.27 11.87 15.12 15.76 14.45
12 Rum 2.94 1.82 0.00 1.10 1.39 1.16 52.85 32.72 -0.08 19.81 2491 20.88
LRIS 2.62 0.76 -0.32 0.84 1.75 0.47 47.14 13.69 -5.73 15.10 31.40 8.45

AAaa
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LR MM
LR AS
LRJO
LRSY
LR AS
LR MT
LRDB
LR KF
LR KM
LRTA
LR SG
LR MB
Acsad 165
Min.
Max
Mean
Rum
LRIS
LR MM
LR AS
LRJO
LRSY
LR AS
LR MT
LRDB
LR KF
LR KM
LRTA
LR SG
LR MB
Acsad 165
Min.
Max
Mean

3.05
211
1.89
2.95
1.69
1.83
1.34
1.87
2.09
1.32
2.85
1.59
4.10
1.32
4.10
2.28
3.71
3.30
2.06
1.56
2.08
3.34
3.56
1.98
0.69
2.22
2.42
0.79
2.15
1.87
4.83
0.69
4.83
2.44

0.94
-0.25
1.62
0.21
0.33
1.53
0.61
0.94
1.08
-0.80
1.21
0.99
2.01
-0.80
2.01
0.87
2.01
0.75
-0.31
0.03
1.68
0.69
-0.75
1.64
0.60
1.28
1.20
0.03
1.39
1.23
2.48
-0.75
2.48
0.93

0.96
-1.79
1.44
-0.32
-0.28
1.30
0.06
0.62
1.35
-0.97
0.64
0.92
0.70
-1.79
1.44
0.29
1.68
-0.22
-2.06
-1.39
1.43
0.43
-1.46
1.38
0.53
1.00
1.45
-0.42
0.88
1.06
1.68
-2.06
1.68
0.40

0.92
1.35
1.23
1.39
1.24
-0.57
-1.91
0.01
0.55
-0.04
0.19
0.31
2.01
-1.91
2.01
0.57
1.70
0.99
1.19
-2.24
1.25
1.49
1.41
-1.34
-2.61
0.22
0.96
0.68
-0.15
0.68
3.78
-2.61
3.78
0.53

1.45
0.13
0.37
1.23
-0.90
0.88
0.87
1.61
1.25
0.24
2.39
0.38
1.58
-0.90
2.39
0.97
2.01
1.98
1.49
1.29
0.49
1.27
1.94
1.02
0.37
1.75
1.33
0.28
1.56
0.41
1.92
0.28
2.01
1.27

1.48
0.72
0.76
1.21
1.01
1.81
1.80
0.73
0.70
1.43
1.25
1.15
2.40
0.47
2.40
1.21
1.38
1.29
-0.68
1.70
0.86
1.71
1.36
2.01
2.03
0.86
0.71
-0.09
1.44
1.17
231
-0.68
231
1.20

54.85
37.84
34.03
52.99
30.30
32.93
24.08
33.64
37.54
23.72
51.18
28.50
73.73
23.72
73.73
41.02
66.72
59.37
37.08
28.03
37.44
59.97
63.98
35.56
12.42
39.89
43.43
14.23
38.60
33.54
86.87
12.42
86.87
43.81

16.84
-4.42
29.05
3.74
5.86
27.56
10.93
16.81
19.45
-14.41
21.78
17.84
36.17
-14.41
36.17
15.57
36.13
13.45
-5.65
0.60
30.25
12.34
-13.46
29.46
10.83
23.06
21.56
0.52
24.95
22.04
44.50
-13.46
44.50
16.71

17.29
-32.15
25.93
-5.84
-5.01
23.44
111
11.08
24.21
-17.42
11.48
16.45
12.54
-32.15
25.93
5.15
30.13
-4.00
-36.94
-25.00
25.73
7.76
-26.24
24.77
9.61
17.98
25.97
-7.47
15.76
19.10
30.27
-36.94
30.27
7.16

16.52
24.18
22.05
24.99
22.27
-10.31
-34.37
0.17
9.87
-0.76
3.45
5.65
36.14
-34.37
36.14
10.32
30.47
17.71
21.40
-40.27
22.41
26.85
25.39
-24.13
-46.97
3.98
17.26
12.22
-2.68
12.17
68.00
-46.97
68.00
9.59

26.09
2.25
6.62
22.18
-16.23
15.75
15.67
29.00
22.51
4.34
42.86
6.78
28.42
-16.23
42.86
17.50
36.10
35.56
26.85
23.17
8.75
22.82
34.94
18.25
6.61
31.52
23.83
5.05
28.10
7.37
34.43
5.05
36.10
22.89

26.56
12.97
13.62
21.65
18.19
32.57
32.27
13.18
12.49
25.62
22.40
20.58
43.21
8.45
43.21
21.64
24.86
23.20
-12.30
30.55
15.51
30.74
24.44
36.07
36.55
15.52
12.75
-1.63
25.78
21.00
41.42
-12.30
41.42
21.63

PH, plant height; GY, grain yield; BY, biological yield, SY, straw yield; NT, number of tillers; HSW, hundred seed weight; SS, seeds per spike; DH, days to heading; DM, days to maturity; GFP, grain filling

period.

Table 7. Estimates of variance components, broad sense heritability (hz) and 95% confidence interval of h” for the final germination
percentage (FGP) and seedling traits.

Source of variation

Trait Genotype GenotypesxSalinity levels Error W C.l. (hz)

FGP 306.78%* 12.99*%* 17.76 98.03 96.19-98.87
NSR 0.48%* -0.05 0.24 92.58 85.61-95.72
SL 3.63** 0.47** 3.09 83.60 68.19-90.55
CL 0.25%* 0.01 0.13 89.99 80.59-94.23
SRL 1.16** -0.14 1.93 76.37 54.16-86.38
SDW 7.16%* -2.34 6.97 88.54 77.78-93.40
RDW 1.18** 0.11 1.10 83.01 67.05-90.21
RDW:SDW 0.0027* 0.00 0.015 47.70 -1.44-69.86
SRL:SL 0.007+ 0.0311%** 0.032 35.95 -24.23-63.09

*, *, ** Significant at the 0.1, 0.05 and 0.01 probability level, respectively.

FGP, final germination percentage; NSR, number of seminal roots; SL, seedling length; CL, coleoptile length; SRL, seminal root length, SDW, shoot dry weight; RDW, root dry weight.

Table 8. Estimates of variance components, broad sense heritability (hz) and 95% confidence interval of h’ for agronomic traits of

genotypes.
Source of variation

Trait Genotype GenotypesxSalinity levels Error " cl. ()

PH 69.83** 86.83** 33.42 74.38 50.31-85.24
GY 0.14** -0.0072 0.1104 86.92 74.64 92.47
BY 0.27** -0.06 0.64 70.03 41.86-82.73
sy 0.26** -0.0089 0.34 79.94 61.10 88.44
HI 0.0028** 0.0011** 0.0016 83.88 68.73 90.71
NT 0.52** 0.08+ 0.36 85.54 71.94 91.66
HSW 0.96** 0.11** 0.13 95.29 90.85-97.28
SS 4.59** -0.99 191 96.14 92.52 97.78
DH 4.51** 18.50** 5.93 48.03 -0.80-70.05

DM 13.30** 14.55%* 3.10 79.02 59.31-87.91
GFP 0.13 12.60** 8.57 3.07 -88.02-44.14
Proline content 9.41** 10.61** 9.41 69.53 40.89-82.44

*, *¥* Significant at the 0.05 and 0.01 probability level, respectively.

PH, plant height; GY, grain yield; BY, biological yield; SY, straw yield; HI, harvest index; NT, number of tillers; HSW, hundred seed weight; SS, seeds per spike; DH, days to heading; DM, days to maturity;

GFP, grain filling period.
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drought stress tolerance. The results of this study indicate
that a substantial amount of variation existed in the
assessed barley materials. The response pattern of
genotypes to salt stress was significantly different, which
also indicates that selection for tolerance within the
germplasm is possible to improve barley performance in
salt-prone regions. Landraces and wild genotypes used in
this study can be desirable sources of genes for the
improvement of the barley crop for salt stress tolerance.

In this study, there was a consistent high genetic variance
component for most of assessed traits, which indicates a
strong genetic potential overcoming salt tolerance. This
result is supported by previous studies (Yeo and Flowers,
1986; Kumar and Narayana, 2013; Long et al., 2013; Kumar
et al.,, 2014; Sbei et al.,, 2015). The relatively high H
estimates (0.48-0.98) for most assessed traits at seedling
and reproduction stages of barley indicate a high potential
for salt tolerance. This finding is in agreement with previous
studies (Ashraf et al., 1986; Vysotskaya et al., 2010; Liatukas
and Ruzgas, 2011; Long et al., 2013), which may lead to high
expected genetic gains from direct or indirect selection in
plant breeding programs. The positive correlation amongst
number of seminal roots, the lengths of seedling, coleoptile
and seminal root and seedling dry weight, indicating that
selection for seedling related-traits seems to be good
selection criteria for a vigorous seedling under salt stress.
The results of this study have shown that yield-contributing
traits such as number of tillers plant"l, number of kernels
spike’l and hundred-kernel weight were genetically
controlled and were correlated with yield. However, grain
yield plant'l was positively but weakly associated with the
number of tillers pIant’1 and number of seeds spike’l and
showed a strong positive genetic correlation with hundred-
kernel weight. As a result, kernel weight can be considered
as an indirect selection criterion to improve grain yield
under salt stress.

In this study, all genotypes showed a high germination
percentage, therefore, they would be desirable over other
genotypes that are significantly incapable of being recovered
to germinate under salt stress. This result is in line with
previous studies (Mer et al., 2000; Kaya et al., 2006; Ibrahim,
2016) that indicated the adverse effect of salt stress on
germination. The reduction in germination percentage under
salt stress can be attributed to the high osmotic potential
and the toxic effect of some ions in the growing medium
such as Na, Ca, Mg, Cl and SO, ions (Huang and Redmann,
1995; Tavakkoli et al., 2011; Flowers et al., 2015).

Seedling traits were adversely decreased by increasing the
level of salinity. However, the reduction in seminal root
growth was greater than the reduction in shoot length. The
high sensitivity of root to salt stress, likely because the direct
exposure of roots to osmotic stress and the specific toxicity
of ions in the growing medium (Jaradat et al., 2004b). Direct
selection for grain yield and indirect selection for yield
contributing traits seem to be a reliable trait for high
yielding of barley genotypes under salt stress (Isla et al.,
1998). In this study, all yield components significantly
contributed in yield losses by increasing the level of salinity.
The reduction in yield and yield contributing traits under salt
stress are mainly attributed to low nutrients and water
uptake under high salt osmotic stress and possibly the Na*
and CI' ion toxicity (Yeo and Flowers, 1986). The
considerable interaction a genotype x salt treatment on
grain yield and yield contributing traits indicate the variable
response of barley genotypes to salt stress. The exposure of

1117

barley genotypes to salt stress inhibited plant height, which
can be attributed to the toxic effect of Na* and CI in the
growing plant parts (Yeo and Flowers, 1986).

Accumulation of proline in the fresh leaves of barley that
had exposed to salt stress, acts as an endogenous osmotic
regulator. Accumulation of proline in barley tissues
correlates with the ability of barley adaptation to salt stress
(Stewart and Lee, 1974). This result was previously reported
in barley (Pesci and Beffagana, 1986) and in other
agricultural crops such as rice (Dubey and Rani, 1989) and
Brassica juncea (Jain et al., 1991).

The susceptibility index ‘S’ (Bruckner and Frohberg, 1987)
reflects the relative yield loss (1 — Y, /YP) of an individual

genotype relative to the mean yield losses of all genotypes
tested in the experiment (1— X /X p ) - This index could

be used to rank genotypes according to their relative salt
tolerance; such index takes into account the relative yield
loss but not the yield potential of the genotypes. The low S
value for a certain genotype as compared with other
genotypes indicates that the lower yield loss under salt
stress as compared with no stress conditions and
contrariwise. The low S value is an indication for salt
tolerance, for example, genotypes LR DB (S = 0.69), Hs TA (S
= 0.78) and LR TA (S = 0.79) were the most tolerant
genotypes. The ranking response pattern of salt tolerance of
Hs TA and LR TA based on grain yield was consistent with the
ranking response pattern based on germination and seedling
related-traits. However, other genotypes showed no
association in salt tolerance at the first stages of the life
cycle and maturity. The highest reduction in grain yield was
detected in the two improved varieties, implying higher
susceptibility to salt stress. Tolerance to external
environmental stresses depends on the stage of plant
development, where the level of tolerance does not
necessarily correlate with the level of tolerance at other
stages of plant development (Foolad et al., 1998; Long et al.,
2013). In addition, Isla et al. (1998) reported the incapability
to identify a combination of traits that is useful as selection
criteria in barley under salt stress. However, there is great
possibility to identify genotypes that are tolerant to drought
at different growth stages, for example, El-Hendawy et al.
(2005) assessed the tolerance of thirteen wheat genotypes
under salt stress and some genotypes displayed potential to
tolerate salt stress at different stages of growth
development. Consequently, direct selection for grain yield
is very reliable to evaluate the genotypes with a high
potential yield under salt stress.

Plant materials

A total of (26) barley population (i.e. accessions) from barley
landrace and its wild progenitor (H. spontaneum) were
collected from 13 different sites (i.e. one landrace and one
wild barley sample from each site) in Jordan extending from
Irbid in the north to Ma’an in the south as shown in Fig 1.
Each sample was collected from 30 different spikes at least 1
meter apart. Locations at lower altitudes were visited first
because of flowering and ripening had started earlier in the
spring. The collection of twenty-six genotypes, in addition to
two six-rowed local varieties (Rum and Acsad 176) were
included in as checks and evaluated for salinity stress
tolerance at the germination and the early seedling growth
stages.



Experimental design

The laboratory study was arranged in a factorial completely
randomized design with one dish per replicate and five
replicates per treatment (genotype and salt stress level). The
pot study was arranged in a factorial completely randomized
design with one pot per replicate that contains three plants
and four replicates per treatment.

Conduction of study

Laboratory experiment

Each of 20 uniform size seeds was sterilized for 10 minutes
in 0.5% NaOCl solution and rinsed thoroughly in sterile
distilled water. Seeds were placed into Petri dishes (100 mm
in diameter) containing two Whatman filter paper. Petri
dishes were moistened with tap water of 0.85 dS m™ and
one of the following saline solutions of 4, 8, 12 or 16 dS m?*
comprised of NaCl, CaCl, and MgSO, (1:1:1 ratio). Plates
were tightly sealed with parafilm (O, permeable) to prevent
evaporation of water and minimize changes in the
concentration of solutions. Plates were incubated upside
down at 20/16° C day/night cycle and 16-h photoperiod
under cool white fluorescent light. Germination was
observed on 24 h intervals for 14 days. Seeds were
considered germinated if the radical was at least 2 mm in
length. Thereafter, seedling and seminal root lengths were
evaluated from five seedlings per plate.

Pot experiment

Seeds were sown in 20 cm-diameter and 40 cm deep plastic
pots filled with 8 kg of air-dried soil that sieved through a 2
mm mesh. The seedlings were maintained in a greenhouse
at about 20/16° C (day/night) temperature, with a 16-h
photoperiod and 200-250 pE m-2 s-1 light intensity from
high-pressure sodium and incandescent bulbs, and watered
as needed. The plants were irrigated with half-strength
Hogland solution for10 days before starting salinization. The
plants in each pot were irrigated until the soil reached 85%
from its field capacity. Saline solutions were prepared, and
treatments started 10 days after sowing of barley grains.
Irrigation with saline solution was continued on every other
two days with tap water of 0.85 dS m™, or with the other
saline solutions of 4, 8, 12 or 16 dS m™ until maturity. Barley
plants exposed to different treatments of salinity were
assessed using the phenological growth, and vyield
parameters. The phenological traits included days to
heading; the time required in days from sowing until 50% of
spikes fully emerged from flag leaf and days to maturity; the
time required from sowing until 50% of peduncles turned
yellow. The growth parameters included plant height at
maturity, measured in cm from soil surface to the tip of
spike excluding awns, grain yield per plant, number of fertile
tillers per plant and 1000-grain weight (g). Grain filling
period (days) was calculated by subtracting the value
obtained for days to heading from the value obtained for
days to maturity. Number of seeds per spike was calculated
by dividing the total number of grains per plant by number
of fertile tillers per plant. The proline accumulation was
determined according to the standard procedure used by
Bates et al. (1973).
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Statistical analysis

Data from each experiment were analyzed separately using
the statistical analysis system (SAS). Analysis of variance
(ANOVA) was conducted using PROC MIXED to test genotype
and salt as well as their interactive effects. Differences are
significant at P = 0.05 unless otherwise stated. Salinity stress
susceptibility index (S) was calculated following the standard
method used by Bruchner and Frohberg (1987) using the
following formula:

_1-YD/YP
D

Where, YD=the mean of a particular trait in salt treatment,
YP= mean value under non-stress treatment and D= 1-
(mean YD of all genotypes under salt stress/mean YP of all
genotypes under non-stress treatment). 'S' represents the
relative susceptibility of a genotype to salt stress and 'D'
represents the relative stress intensity of a treatment. For
each genotype, 'S' values at the four different salt levels
were estimated and then averaged to calculate the mean
salinity susceptibility index for each genotype over all
salinity treatments.

Growth reduction resulted from salinity stress for each trait
was calculated according to the following formula:

S

M %*100%
Wi

Gl (%) =

Where, WI and S| are the value of recorded traits under salt
stress and non-salt stress treatments, respectively. Selection
of traits and the heritability estimates were assessed to
predict the potential genetic gain. Combined analysis of
variance across treatments was performed and variance
components were estimated according to Snedecor and
Cochran (1980). The effects of environments were fixed
factors, and all other effects were random variables. Broad
sense heritability on plot basis was calculated according to
Knapp and Briges (1987). All statistical analyses were
performed using the computer program PLABSTAT (Utz,
2000).

A high level of variability of barley landrace and H.
spontaneum in response to salt tolerance from Jordan was
evaluated at different stages of plant development including
germination, seedling, and maturity stages. The findings of
the present study indicates that selection for tolerance
within the germplasm is possible to improve barley
performance in salt-prone regions. Landrace and H.
spontaneum genotypes used in this study can be desirable
sources of genes for the improvement of the barley crop for
salt stress tolerance. In addition, some barley landraces and
H. spontaneum genotypes were detected to be tolerant to
salt stress, and therefore, these genotypes are potentially
suitable for breeding to tolerate salt stress. The relatively
high h’ estimates (0.48-0.95) for most assessed traits at
seedling and maturity stages of barley indicates a high
potential for salt tolerance. Based on this finding, it can be
concluded that a high genetic gain is expected from direct or
indirect selection in plant breeding programs. Molecular
analysis can be used to detect polymorphisms within a



population and identify DNA markers associated with salt
tolerance using modern SSR or SNP markers. However,
genetic materials that are used in this study could be
included in future studies and genome wide association
studies to build up barley population and identify genomic
regions underlying genes controlling drought tolerance.
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