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Abstract: In this paper twelve barley (Hordeum vulgare L.) genotypes were screened for salt tolerance during
seed germination in the Crop Production Department, Faculty of Agriculture, Jordan University of Science and
Technology, Irbid, Jordan. To evaluate salt tolerance during germination, 30 seeds of each genotype were
placed on towel paper in 9 cm Petri dishes containing 20 mL distilled water or 1:1 M ratio NaCl and CacCl,
solutions at various concentrations [(control), 100, 200, 300 mM] to give electrical conductivities (EC) of 0.05
(control), 10.6, 19.0 and 27.0 dS m™', respectively. Our data indicated that salinity level x genotype interaction
effects (p<0.05) were observed for seed germination percentage, seed viability and ion uptake. Seed germination
decreased significantly by increasing salinity level. Germination was significantly diminished at the highest
level of salt (300 mM) with significant variation among genotypes and the genotype ACSAD1430 had higher
germination percentage than other tested genotypes. Results presented in this article also indicated that
the increasing seed pretreatment duration by hyper-saline medium significantly reduced seed recovery
when transferred to distilled water. Also our data indicated that the increasing seed pretreatment duration by
hyper-saline medium significantly reduced seed recovery when transferred to distilled water. The Na
concentration of seeds after imbibitions significantly increased with increasing salinity with a considerable
variation among genotypes. K concentration also affected by salinity. Generally, increasing salt stress
significantly decreased K concentration in barley seeds after one day of imbibitions. The present study
indicated that salt stress must be removed from soil surface for successful seedling establishment.
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INTRODUCTION

Soil salinity is a major factor limiting plant
productivity, affecting about 95 million hectares
worldwide [1]. The UNEP (United Nations Environment
Program) estimates that 20% of the agricultural land and
50% of the cropland in the world is salt-stressed [2].
Salinity imposes serious environmental problems that
affect grassland cover and the availability of animal feed
in arid and semi-arid regions [3]. Greenway and Munns [4]
reported that some crops are moderately tolerant of
saline conditions; many crops are negatively affected by
even low levels of salt. Salt stress unfavorably affected
plant growth and productivity during all developmental
stages [5]. For example Epstein et al., [5] reported that
salinity decreases seed germination, retards plant

development and reduces crop yield. Seed germination
is defined as the emergence of the radical through the
seed coat [6]. Othman [7] reported that seed germination
can be initiated by water imbibitions and any shortage in
water supply will let seed under stress. Shokohifard et al.,
[8] reported that salt stress negatively affected seed
germination; either osmotically through reduced water
absorption or ionically through the accumulation of Na
and Cl causing an imbalance in nutrient uptake and
toxicity effect. Further, Younis ez al., [9] reported that
low moisture content under salt stress caused cessation
of metabolism or inhibition of certain steps in metabolic
sequences of germination. Conversely, salt stress
increased the intake of toxic ions which may altered
certain enzymatic or hormonal activities of the seeds
during germination [10]. The barley is an example of a salt
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tolerant species [11], with genotypes that can germinate
in seawater (i.e., about 47.0 dS m™) [12]. Barley is the most
widely grown cereal crop in Jordan and other West Asian
countries. The barley-based farming system exists in wide
areas along the dry margins (200-300 mm rainfall per year)
of cultivation in Syria, Jordan and Iraq [13, 14]. It is grown
mainly as feed for livestock. Barley is considered highly
salt tolerant of the agriculturally important cereals and
has been grown successfully in fields that irrigation
has rendered unsuitable for other crops [15]. Generally,
barley grown near soil surface where the salts
accumulated and at this point of soil, the concentration of
salt change over time by continuous evapotranspiaration
gradually rising salt levels or rainfall leaching salts
from the soil surface supplying water to seeds [16, 17].
Variation in salt levels may restricted seed germination
and in some cases resulting in the death of seeds [18, 19].
Germination of barley genotypes under different levels
of salt stress and the ability of barley seeds to germinate
after an extended period of exposure to salinity is unclear.
Thus, the objectives of this study were to screen twelve
barley genotypes for salt tolerance during germination, to
study the ability of seed to germinate after exposure to
different duration times of salt stress and to determine the
ionic differences under salt stress.

MATERIALS AND METHODS

Three distinct experiments were conducted in the
Crop Production Department, Faculty of Agriculture,
Jordan University of Science and Technology, Irbid,
Jordan.

Plant material: Twelve barley genotypes (ACSAD176,
WI-2291/ ER/Apm, SLB-6, Roho/A.Abiad, ACSAD1430,
Esp//808/harmel, Aths/lignee68, JLB70-01, RUM,
Mari/Aths/Attiki, ACSAD1212, ER/APM/3/) were used.
Seeds of these genotypes were provided by the National
Centre for Agricultural and Technology Transfer
(NCARTT), Amman, Jordan.

Experiment 1: To evaluate salt tolerance during
germination, 30 seeds of each genotype were placed on
towel paper in 9 cm Petri dishes containing 20 mL distilled
water or 1:1 M ratio NaCl and CaCl, solutions at various
concentrations [(control), 100, 200, 300 mM] to give
electrical conductivities (EC) of 0.05 (control), 10.6,
19.0 and 27.0 dS m™', respectively. Seeds were incubated
in the dark at 22+1°C in completely randomized design
arrangement with four replicates. Germination counts
were made daily. Each petri dish was marked to indicate
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the solution level that must be maintained over the
experimental period. Distilled water was added to each
Petri dish as needed to maintain salt concentrations near
target levels. Seeds were considered germinated when
the radicle was at least 5 mm long. The experiment ended
after about 10 days of incubation when no further seeds
germinated for three successive days. Germination
percentage was calculated using the equation:

Final germination percentage =
number of germinated seeds/ total number of seeds planted x 100

Experiment 2: In this experiment, the effects of salt
duration pretreatment on seed viability were evaluated
30 seeds of each genotypes (replicated 4 times) were
incubated with 1:1 M of NaCl and CaCl, solution
(EC=85dS m™) for 1, 3, 5 and 7 days at 22°C in the dark.
Seeds of each treatment and replicate were rinsed with
distilled water then, transferred to Petri dishes containing
distilled water. Seeds were counting daily and final
germination percentages were determined as mentioned
in experiment 1.

Experiment 3: In this experiment, ionic differences
were evaluated. Seeds of all barley genotypes were
incubated as mentioned in experiment 1. Seeds were
soaked in distilled water or in salt solution in 50 mL glass
containers. Three replicates of 30 seeds in 25 mL of
solution were used for each soaking in solutions. After
24 h of incubation, seeds were removed from the
container, dried to a constant dry weight at 80°C, ground
to pass a 0.5 mm sieve in laboratory mill. The ground
materials were mixed thoroughly and samples of 1.0 g
were ashed for 5 h at 550°C in a muffle furnace, then the
ash was dissolved in 2 M HC1 for determination of K and
Na [20]. K and Na concentrations determined using flame
photometer (Ion3).

Statistical analysis: Data were statistically analyzed
using analyses of variance (ANOVA) using the MSTATC
program (Michigan State Univ., East Lansing, MI and
USA). Probabilities of significance among treatments and
interaction and LSDs (p<0.05) were used to compare
means within and among treatments.

RESULTS AND DISCUSSION

Effects of salt stress on seed germination: Analysis of
variance revealed that significant differences among
the barley genotypes for germination percentage.
Salinity level x genotype interaction effects (p<0.05) were
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Table 1: Germination percentage of barley genotypes as influenced by

salinity levels after 10 days of incubation

Salt level (mM)

Genotypes 0 100 200 300
Roho/A.Abiad 8459 57.9 33.3 3.7
ACSADI1212 82.3 65.0 51.7 26.7
Esp//808/harmel 85.8 64.0 342 16.7
SLB-6 84.3 47.4 50.8 25.8
Mari/Aths/Attiki 86.0 44.0 36.7 25.0
Aths/lignee686 81.8 42.5 60.8 26.7
RUM 85.5 64.2 23.3 25.0
ACSAD1430 84.3 86.3 68.3 41.7
ACSADI176 83.3 63.3 50.0 27.5
WI-2291/ER/Apm 83.0 57.9 51.8 249
JLB70-01 84.0 84.5 475 26.7
ER/APM/3/ 84.3 65.8 52.9 25.8
LSD (0.05) 8.4

Table 2: Germination percentage of barley genotypes as influenced by high
level of salinity after 1, 3, 5 and 7 days of incubation

Duration

Genotypes 1 day 3 day 5 day 1 week
Roho/A.Abiad 62.39 21.3 4.25 2.25
ACSADI1212 48.0 50.8 74.50 16.30
Esp//808/harmel 70.3 52.3 35.00 6.50
SLB-6 41.0 30.0 18.00 13.50
Mari/Aths/Attiki 59.5 66.5 34.80 16.50
Aths/lignee686 68.3 61.0 42.00 26.50
RUM 61.0 56.5 30.30 8.50
ACSAD1430 89.8 85.0 60.30 5.50
ACSADI176 76.5 58.3 33.80 23.50
WI-2291/ER/Apm 54.3 42.8 18.30 6.50
JLB70-01 64.5 62.3 49.50 15.80
ER/APM/3/ 60.0 41.5 17.50 5.50
LSD (0.05) 2.7

Table 3: Sodium (Na) concentration (mg g~') of barley seeds soaked in
distilled water and salt solutions

Salt level (mM)

Genotypes 0 100 200 300
Roho/A.Abiad 099 1.0 2.3 3.1
ACSADI1212 1.2 22 34 5.5
Esp//808/harmel 0.9 23 3.5 4.4
SLB-6 1.0 23 4.4 4.5
Mari/Aths/Attiki 1.0 3.5 3.4 3.8
Aths/lignee686 1.1 23 3.5 5.6
RUM 1.1 23 3.4 4.6
ACSAD1430 1.0 22 33 5.4
ACSADI176 1.0 1.5 4.5 6.1
WI-2291/ER/Apm 1.0 2.8 3.6 4.6
JLB70-01 1.2 4.4 4.1 43
ER/APM/3/ 1.0 2.3 3.8 4.8
LSD (0.05) 0.50

observed for seed germination (Tablel). Interactions
show that differences between genotypes depended on
the salinity level. Germination percentage of barley
genotypes was strongly affected by all salinity levels.
Increased salt concentration caused a decrease in final
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germination percentage. Germination was greatly reduced
at the highest level of salt (300 mM). Considerable
variation among genotypes in response to salinity was
observed for germination percentage. At 100 mM the
genotypes ACSADI1430 and JLB70-01 had the highest
germination percentage while at 200 and 300 mM salt the
genotype ACSAD1430 had higher germination percentage
than other tested genotypes. These results were in
agreement with Basalah [21] who found that high levels of
soil salinity can significantly inhibit seed germination.
Further, Waisel [22] found that increasing salinity
concentrations in germination often cause osmotic and/or
specific toxicity which may reduce or retard germination
percentage. Salt induced inhibition of seed germination
could be attributed to osmotic stress or to specific ion
toxicity [23].

Effect of salt duration pretreatment on seed viability: For
this experiment salinity level X genotype interaction
effects (p<<0.05) were also observed for seed germination
(Table 2). Interactions show that differences between
genotypes depended on the salinity level. This variation
possibly due to genetic variability among genotypes
[24, 25]. During this experiment, seed pretreatment with
salt solution for 1, 3, 5 and 7 days had adverse effect on
germination percentage since no seed germination was
observed. Xue et al., [26] reported that salt stress may
affected seed germination through its toxicity effect by
increasing Na and CI concentration or by effects on the
concentration and uptake rates of mineral nutrients.
Recovery of germination was observed when transferred
to distilled water. Increasing duration time of seed
pretreatment by salt significantly reduced the germination
percentage (Table 2). Based on the order of decreasing
salt tolerance for seed germination after salt pretreatment
(with their means overall duration pretreatment), the
genotype ACSAD1430 had higher germination percentage
than other genotypes while Roho/A.Abiad had the
lowest germination percentage (Table 2). These results are
in agreement with those reported by several researchers
[9, 18,27, 28].

Effects of salt stress on ion uptake: Analysis of variance
revealed that significant differences among the barley
genotypes for ion uptake. Our results also indicated that
ion uptake was strongly affected by all salinity treatments.
For example; seed Na concentration significantly
increased with increasing salinity level for all studied
genotypes (Table 3). At 100 mM, the genotype JLB70-01
had higher Na concentration than other genotypes.
At 200 mM, the genotypes ACSAD176 and JLB70-01
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Table 4: Potassium (K) concentration (mg g~') of barley seeds soaked in
distilled water and salt solutions
Salt level (mM)

Genotypes 0 100 200 300
Roho/A.Abiad 519 4.2 33 33
ACSADI212 6.6 3.8 4.0 4.1
Esp//808/harmel 5.9 3.5 4.1 2.7
SLB-6 6.8 4.0 4.9 3.9
Mari/Aths/Attiki 6.1 5.1 4.2 3.6
Aths/lignee686 5.5 4.9 34 4.2
RUM 4.7 3.5 4.4 3.6
ACSAD1430 8.0 33 55 3.1
ACSADI176 5.0 4.2 4.0 2.6
WI-2291/ER/Apm 5.0 33 34 35
JLB70-01 55 4.1 3.8 39
ER/APM/3/ 5.9 4.3 3.8 3.1
LSD (0.05) 0.76

had the highest Na concentration. On the other hand,
at 300 mM the genotype ACSADI176 had higher
concentration of Na than other genotypes.

Potassium concentration also significantly affected
by salt stress (Table 4). Generally, K concentration
decreased by increasing salinity (Table 4). Bhivare and
Nimbaker [29] found that the reduction of K content and
the increased of Na content in plant could be attributed
to the effect of competition between Na and K ions on
the absorptive sites of the plant. The reduction in K
concentration causes a growth reduction by decrease
the capacity of plants for osmotic adjustment and turgor
maintenance or by the negative effects on metabolic
functions as protein synthesis [4].

At 100 mM the genotype Mari/Aths/Attiki had
higher K concentration than other genotypes while at
200 mM the genotype ACSAD1430 had the highest K
concentration. In saline environment, high concentration
of Na and Cl are usually the most injurious and
predominant salts [30]. High level of Na caused a direct
damage in plant cell membranes [31]. Haq et al., [32] found
that Na concentration increased significantly with an
increase in salinity from 1.2 to 15 dS m™" and this increase
was 13.3 fold as compared to Na in plants grown under
nonsaline conditions. Meanwhile Na concentration
increased in barley seeds soaked in salt solution, seed
germination decreased either by (a) increasing salt level or
by (b) increasing duration time. This result support the
hypothesis that Na increment inside plants had a toxic
effects on seed germination, mainly by affecting the plant
water relations or through displacement of Ca by Na from
critical cell wall binding sites which could disrupt cell wall
synthesis and hence inhibit plant growth [26, 33, 34].

In conclusion our result indicated the results of this
study demonstrate that salt tolerance during germination
exists within barley genotypes which represent a genetic
material for development of salt tolerance of barley.
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