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ABSTRACT

Alfalfa (Medicago sativa L.), when exposed to abiotic stress such as salinity, suffers significant losses in yield and
productivity. The present study evaluated the salinity tolerance of 12 alfalfa cultivars in vitro using five concen-
trations of sodium chloride (NaCl), ranging from 0 to 250 mmol L−1. The results obtained in the current study
revealed that the Saudi cultivars, Kasimi and Hassawi, and the German cultivar (Berlin) had the highest salinity
tolerance in terms of germination percentage (GP), corrected germination rate index (CGRI), days to reach 50%
germination (GT50), and ability to form cotyledonary and true leaves. Under mmol L−1 NaCl, the Saudi cultivar
Kasimi cultivar showed GP, CGRI, and GT50 of 55.20%, 123.15, and 3.77 days, respectively. Similarly, the German
cultivar (Berlin) showed GP, CGRI, and GT50 of 50.06%, 86.61, and 5.17 days, respectively. These findings might
reveal a pivotal aspect in salt tolerance in alfalfa. Our results will help to select salt-tolerant alfalfa cultivars that
could thrive in arid and semi-arid areas with salinity problems.
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Nomenclature
CGRI Corrected germination rate index
GP Germination percentage
GT50 Days required to reach 50% germination
MS medium Murashige and Skoog medium
w/v Weight/volume

1 Introduction

Abiotic stresses such as salinity cause significant losses in alfalfa yield and greatly reduce productivity.
Salinity affects over 1.0 billion hectares around the world, including natural and secondary salinity, which
accounts for about 50% of the global land surface, and salinity resulting from irrigation affects around
1,400 million hectares, which accounts for 20% of all irrigated agricultural areas [1]. In general, salinity
can result from natural resources and/or human impact [2]. Arid and semi-arid areas such as Saudi Arabia
are among the regions most affected by salinity problems because of natural climatic characteristics
including high temperatures and inadequate rainfall that led to more salt accumulation in agricultural soil
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[3,4]. Salt stress is mainly a result of plant exposure to high soil concentrations of sodium (Na+) and chlorine
(Cl−) ions [5]. Salt stress mainly comprises secondary hyperosmotic stress resulting from reduced water
potential, and ion toxicity stress resulting from high Na+ accumulation [6]. However, initial osmotic stress
is followed by ionic stress. Moreover, salinity is likely to increase as a result of climate change that could
result in higher temperatures and less precipitation. Therefore, the selection of crops for cultivation that
have higher salinity tolerance is a highly successful means of coping with salinity problems.

Alfalfa (Medicago sativa L. Fabaceae) is considered as the most prevalent and important forage legume
crop worldwide due to its high quantity and quality of yield, longevity, and ability to improve soils [7].
Alfalfa is moderately salt-sensitive with less salt sensitivity than other legume crops [8]. However, soil
salinity in the range of 50–200 mM sodium chloride (NaCl) might significantly reduce the growth and
productivity of alfalfa [9,10]. Nevertheless, the nutritive value of alfalfa as a consequence of exposure to
salinity is increased [11]. Legume crops are the second in terms of agricultural importance as they
provide more than 30% of human nitrogen needs [12]. Therefore, the need to adapt legume crops with
high salinity tolerance while maintaining productivity has been extensively emphasized [11]. The high
genetic variability of alfalfa crops might help with selecting the most tolerant cultivars and/or genotypes.
However, selecting cultivars in field trials is laborious as the entire production cycle must be completed
to measure changes in biomass and final yield. Evaluating alfalfa cultivars to assess morphological and
physiological traits under various controlled stress conditions in vitro could be a suitable alternative to
field evaluation [13]. Tissue culture is considered a rapid, convenient, and valid tool that that enables
evaluating a single stress factor under controlled conditions. Alfalfa cultivar variations and salinity levels
affect germination rates [14], and the ability to germinate under salt stress also significantly varies. For
example, germination percentage of the Ladak 65 cultivar increased by about 3.75-fold after cultivation
on agar medium containing 1.75% NaCl [15]. The W75RS salt-tolerant cultivar was identified using
tissue culture techniques [16–18]. Such studies showed that salinity problems might be remedied by
selecting cultivars that are more salt-tolerant.

Furthermore, previous studies examined the salinity tolerance in alfalfa plants in vitro [17,19,20].
However, the selection of salt tolerant cultivars requires consideration of all local genetic variations
represented by cultivars that have adapted to the climatic conditions of the country where they grow.
Here, we evaluated the salinity tolerance, in vitro, of 12 Medicago sativa L. cultivars from Saudi Arabia,
Germany, USA, Australia, and Egypt. The evaluation process depended mainly on the following
germination indicators: germination percentage, corrected germination rate, the number of days required
to reach 50% germination, and the ability of each plant to form cotyledonary and true leaves under varied
NaCl concentrations. We also compared salinity tolerance among alfalfa cultivars from Saudi Arabia and
from other countries to optimize the selection of cultivars that could thrive under high-salt environments.

2 Materials and Methods

2.1 Seed Material and Surface Sterilization
Twelve alfalfa cultivars of M. sativa were obtained from Australia, Egypt, Germany, Saudi Arabia, and

USA during April 2015. Table 1 shows the names and origins of the cultivars, as well as the fresh weight and
moisture content of 1 × 103 seeds from each. Moisture content was estimated after drying the seeds at 70°C
for 24 h. All seeds were surface-sterilized in 2% sodium hypochlorite (NaOCl) for 10 min, then washed three
times with sterile distilled water to prevent contamination before starting experiments.

2.2 Screening Alfalfa for Salt Tolerance, and Culture Conditions
Salt tolerance was screened by culturing the seeds in sterile plastic Petri dishes (9 cm), each containing

30 mL half-strength MS medium [21] with 3% (w/v) sucrose and 0.8% (w/v) agar-agar and supplemented
with 0, 100, 150, 200 and 250 mmol L−1 of NaCl. The pH of the medium was adjusted to 5.8 before
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autoclaving at 121°C and 1.2 kg cm–2 for 15 min. All dishes were incubated for 10 days at 25°C under a 16 h
photoperiod with a 60 μmol m−2 s−1 photosynthetic photon flux density (PPF) provided by cool white
fluorescent tubes.

2.3 Measurements of Seed Germination Variables
Germinated seeds were counted daily for 10 days. Seeds were considered as germinated when the tip of

the radicle had emerged free of the seed coat [22]. Parameters including the final germination percentage
(GP), and corrected germination rate index (CGRI) were recorded according to Esechie [23] and reported
after 10 days of cultivation. The amount of time (days) required to reach 50% germination (GT50) was
recorded according to Hsu et al. [24].

2.4 Experimental Design and Statistical Analysis
All experiments proceeded in a completely randomized design. Five conditions were replicated three

times, and each replicate comprised a Petri dish containing 50 seeds. Ratios (%) were arcsine transformed
before analyses. Data were shown and compared as means of 3 biological replicates ± standard error of
means. The collected data were analyzed using two-way analysis of variance (ANOVA) via SPSS
9.2 software. Means were compared using least significant difference (LSD) method (P ≤ 0.05) for each
factor (cultivar and salt concentration) and their interaction (cultivar × salt concentration).

3 Results

3.1 Final Germination Percentage
The two-way ANOVA revealed that both single factors and their interaction significantly affect the

GP of the studied alfalfa cultivars. Regardless of NaCl concentration, Hassawi, Kasimi, Berlin, Oscarde
Star, and Saltine cultivars showed the highest GP among the 12 cultivars (P < 0.001). Server cultivars
showed the lowest germination percentage (28.82 ± 18.41); however, the high standard deviation value
indicates the high variability of GP observed for these cultivars under control or salt-stressed conditions
(Table 2). These results are clearly supported by the significant reduction observed in the average GP of

Table 1: Alfalfa cultivars used in seed germination experiments

Cultivara Origin Fresh weight of
1 × 103 seeds (g)

Moisture content (%)

Hassawi Saudi Arabia 3.01 4.36

Kasimi Saudi Arabia 3.53 4.93

Berlin Germany 2.39 4.74

Super 10 USA 2.51 5.99

Vulcan USA 2.47 4.65

Oscarde Star USA 2.32 4.66

Saltine USA 2.39 4.93

WG CAL 10 USA 2.53 4.97

Cuf 101 USA 2.48 5.06

Server Australia 2.04 5.06

Egyptian local Egypt 2.39 4.67

Magic USA 2.11 4.11
Note: aValues are shown as the mean of 3 biological replicates.
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all cultivars under different NaCl concentration. Approximately 62.7% reduction in GP was observed under
250 mmol L−1 NaCl as compared to control. Indeed, a gradual decrease of GP was observed with increasing
NaCl concentration indicating the expected adverse effects of salinity on germination percentages in
all cultivars.

The interaction effect of cultivars and salinity concentrations on GP are presented in Table 3. Increasing
salinity concentrations resulted in a gradual decrease in the ratios of seeds germinated by all cultivars
(Table 2). However, the amounts of reductions varied among the cultivars. The most affected cultivars
were Server, Magic, WG CAL 10 and Cuf 101 with GP reductions of 88.70%, 79.89%, 79.17% and
79.10%, respectively, at 250 mmol L−1 compared with the control (0 mmol L−1). In contrast, the Berlin
and Kasimi cultivars were the most tolerant to salinity, with GP reductions of 27.43% and 35.92% at
250 mmol L−1 NaCl compared with the control. In most cultivars, concentrations < 150 mmol L−1 NaCl
did not produce significant changes in the GP as compared to control (0 mmol L−1 NaCl). Nevertheless,
200 mmol L−1 NaCl caused significant differences in some cultivars, e.g., WG CAL 10 and Server
(77.08% and 67.19% GP reduction, respectively). At 250 mmol L−1 NaCl, the GP significantly differed
among the cultivars, with the GP being the highest and lowest in Kasimi and Server cultivars,
respectively (55.20% vs. 5.74%; Table 3).

Table 2: The single effects of the studied factors (12 alfalfa cultivars and 0 to 250 mmol L−1 of NaCl) on
final germination percentages (GP), corrected germination rate index (CGRI), and number of days required to
reach 50% germination (GT50) after 10 days of seed cultivation

Factora GP (%) CGRI GT50 (days)

Cultivars

Hassawi 62.94 ± 18.27 abc 165.53 ± 61.76 b 3.17 ± 1.55 b

Kasimi 66.16 ± 12.79 a 193.93 ± 42.70 a 2.38 ± 0.82 a

Berlin 59.19 ± 10.61 abc 144.13 ± 62.12 cd 3.65 ± 1.54 cd

Super 10 54.87 ± 14.36 bcd 147.54 ± 60.86 c 3.60 ± 1.64 bc

Vulcan 51.00 ± 19.11 cd 128.03 ± 59.10 ef 4.07 ± 1.67 def

Oscarde Star 57.65 ± 27.03 abc 135.18 ± 70.22 de 4.13 ± 2.13 ef

Saltine 59.06 ± 21.14 abc 141.47 ± 70.20 cd 3.92 ± 2.04 cde

WG CAL 10 42.34 ± 25.19 e 123.09 ± 67.17 fg 4.39 ± 2.08 f

Cuf 101 39.80 ± 21.99 e 115.81 ± 53.52 g 4.52 ± 1.87 f

Server 28.82 ± 18.41 f 102.89 ± 55.71 h 5.00 ± 2.12 g

Nabee Altakwa 47.43 ± 17.80 de 149.09 ± 55.43 c 3.50 ± 1.63 bc

Magic 40.36 ± 24.39 e 121.65 ± 60.72 fg 4.38 ± 2.07 f

NaCl concentrations (mmol L−1)

0 71.69 ± 12.15 a 225.06 ± 17.58 a 1.75 ± 0.22 a

100 62.05 ± 11.68 a 172.34 ± 0.22 b 2.74 ± 0.74 b

150 53.96 ± 16.54 c 134.62 ± 0.74 c 3.67 ± 0.96 c

200 39.58 ± 18.41 d 96.70 ± 0.96 d 5.02 ± 1.17 d

250 26.73 ± 16.49 e 66.41 ± 1.17 e 6.29 ± 1.26 e
Note: aValues are shown as the mean of 3 biological replicates ± standard deviation of means. In each column and under each single factor (cultivars or
NaCl concentrations), values followed by the same letter are not significantly different (P ≤ 0.05).
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3.2 Corrected Germination Rate Index
We calculated the CGRI for the studied alfalfa cultivars under various salinity levels as an indicator of

germination speed. The Kasimi cultivar showed the highest CGRI (193.93 ± 42.70) among all studied
cultivars with about 15% increase comparing to the following Hassawi cultivar which showed the second
highest CGRI (Table 2). Similar to GP, a significant gradual reduction in average CGRI of all cultivars
was observed with increased salinity levels. CGRI was reduced by roughly 75% under 250 mmol L−1 NaCl
as compared to control conditions.

Variations among the cultivars at salinity levels < 200 mmol L−1 NaCl were observed. However, the
average CGRI of all cultivars were significantly reduced when the seeds were incubated with 200 and
250 mmol L−1 NaCl. The average CGRI of control plants was 225.07, whereas the average CGRI of
plants incubated with 200 and 250 mmol L−1 NaCl were 96.70 and 66.41, respectively. The least affected
cultivar in terms of CGRI was the Kasimi cultivar, with 48.30% reduction when seeds were incubated
with 250 mmol L−1 NaCl compared with the control. In contrast, the Cuf 101 cultivar was the most
affected (84.73% reduction in CGRI when seeds were incubated with 250 mmol L−1 NaCl compared with
the control). The CGRI at 250 mmol L−1 NaCl was the highest and lowest in the Berlin and Server
cultivars (123.10 vs. 28.80; Table 4).

3.3 Number of Days Required to Reach 50% Germination
The number of days required to reach 50% germination (GT50), which also reflected germination speed,

was calculated. Kasimi cultivar showed the lowest GT50 among all the studied cultivars (Table 2). On the
other hand, Server cultivar had the longest GT50. Regardless of cultivar, increasing NaCl concentration
from 0 to 250 mmol L−1 prolonged the GT50 values by 4.5 days. However, higher standard deviation
values were observed at 250 mmol L−1 concentration indicating the variation in cultivars response to
salinity stress.

Table 3: The interaction effects of the studied factors (12 alfalfa cultivars and 0 to 250 mmol L−1 of NaCl)
on final germination percentages (GP) after 10 days of seed cultivation

Cultivarsa NaCl concentrations (mmol L−1)

0 100 150 200 250

Hassawi 84.55 ± 9.38 b 71.44 ± 3.93 b 63.29 ± 1.45 b 62.52 ± 2.79 a 32.90 ± 7.72 c

Kasimi 86.14 ± 6.62 b 67.24 ± 9.74 c 66.18 ± 4.25 a 56.06 ± 6.16 b 55.20 ± 4.03 a

Berlin 68.98 ± 1.80 e 65.14 ± 3.05 c 58.14 ± 18.36 c 53.61 ± 8.04 b 50.06 ± 2.04 b

Super 10 73.71 ± 0.00 cd 60.16 ± 9.38 de 57.25 ± 3.78 c 48.99 ± 4.37 c 34.23 ± 6.96 c

Vulcan 67.94 ± 1.80 de 58.62 ± 2.60 e 59.4 ± 12.98 c 43.48 ± 23.93 cd 25.58 ± 11.33 d

Oscarde Star 89.96 ± 0.00 a 76.67 ± 11.51 a 59.32 ± 8.95 c 41.67 ± 13.20 d 20.63 ± 13.30 d

Saltine 79.49 ± 10.01 c 72.11 ± 7.31 b 66.6 ± 20.59 a 43.77 ± 8.82 cd 33.32 ± 12.72 c

WG CAL 10 69.29 ± 4.83 d 60.96 ± 3.55 de 51.14 ± 18.48 e 15.88 ± 4.18 f 14.43 ± 10.13 e

Cuf 101 67.02 ± 2.95 e 50.91 ± 16.83 f 41.83 ± 19.42 f 25.26 ± 1.94 e 14.01 ± 9.64 e

Server 50.78 ± 4.53 f 43.98 ± 10.56 g 26.95 ± 11.9 g 16.66 ± 1.83 f 5.74 ± 1.15 f

Nabee Altakwa 59.00 ± 6.83 f 56.90 ± 7.35 e 55.32 ± 5.53 d 44.02 ± 22.31 d 21.93 ± 12.94 d

Magic 63.44 ± 3.85 ef 60.50 ± 11.08 de 42.04 ± 24.14 f 23.03 ± 19.92 e 12.76 ± 6.58 e
Note: aValues are shown as the mean of 3 biological replicates ± standard deviation of means. In each column, values followed by the same letter are
not significantly different (P ≤ 0.05).
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The GT50 varied considerably among cultivars, especially between 200 and 250 mmol L−1 NaCl
(Table 5). The average GT50 values of all cultivars incubated without NaCl (0 mmol L−1) and with
250 mmol L−1 NaCl were 1.75 and 6.29 days, respectively. The GT50 was the longest in the Server, Cuf
101, and Magic cultivars incubated with 250 mmol L−1 NaCl (8.21, 7.49 and 7.11 days, respectively).
The changes in GT50 between control and 250 mmol L−1 NaCl was the lowest and highest in the Kasimi
and Server cultivars with respective differences of 2.18 and 6.02 days.

Table 4: The interaction effects of the studied factors (12 alfalfa cultivars and 0 to 250 mmol L−1 of NaCl)
on corrected germination rate index (CGRI) after 10 days of seed cultivation

Cultivarsa NaCl concentrations (mmol L−1)

0 100 150 200 250

Hassawi 243.62 ± 3.15 a 214.43 ± 3.41 a 163.75 ± 19.74 b 125.24 ± 15.88 b 80.63 ± 7.31 b

Kasimi 238.20 ± 0.29 bc 227.38 ± 5.48 a 202.42 ± 7.83 a 178.49 ± 3.80 a 123.15 ± 7.44 a

Berlin 237.90 ± 3.9 bc 186.79 ± 6.66 b 117.88 ± 24.43 91.47 ± 14.65 d 86.61 ± 7.93 b

Super 10 233.75 ± 4.34 c 184.51 ± 6.00 b 149.35 ± 6.44 d 97.80 ± 19.89 c 72.29 ± 5.07 c

Vulcan 223.01 ± 9.13 d 154.18 ± 18.37 d 113.89 ± 4.06 fg 85.59 ± 13.51 e 63.46 ± 4.10 d

Oscarde Star 232.01 ± 3.56 c 190.32 ± 7.73 b 121.88 ± 13.89 f 79.88 ± 13.18 f 51.81 ± 13.05 e

Saltine 238.82 ± 6.16 bc 187.59 ± 3.89 b 145.43 ± 20.01 e 74.25 ± 9.24 g 61.26 ± 9.85 d

WG CAL 10 227.66 ± 17.06 d 154.85 ± 14.00 d 108.92 ± 35.88 gh 64.37 ± 19.66 h 59.68 ± 2.26 d

Cuf 101 200.82 ± 3.09 f 128.13 ± 7.32 e 112.44 ± 6.88 g 93.68 ± 17.86 d 43.95 ± 7.36 f

Server 188.62 ± 10.51 g 115.97 ± 14.48 f 100.58 ± 30.06 h 80.46 ± 10.53 f 28.80 ± 10.46 g

Nabee Altakwa 227.44 ± 6.12 d 170.72 ± 17.25 c 157.34 ± 14.89 c 114.51 ± 15.72 c 75.44 ± 27.67 bc

Magic 208.93 ± 0.81 e 153.15 ± 12.31 d 121.61 ± 29.76 f 74.68 ± 20.81 g 49.86 ± 19.64 e
Note: aValues are shown as the mean of 3 biological replicates ± standard deviation of means. In each column, values followed by the same letter are
not significantly different (P ≤ 0.05).

Table 5: The interaction effects of the studied factors (12 alfalfa cultivars and 0 to 250 mmol L−1 of NaCl)
on number of days required to reach 50% germination (GT50) after 10 days of seed cultivation

Cultivarsa NaCl concentrations (mmol L−1)

0 100 150 200 250

Hassawi 1.51 ± 0.04 f 1.91 ± 0.05 h 2.93 ± 0.36 f 3.87 ± 0.46 f 5.63 ± 0.28 ef

Kasimi 1.59 ± 0.01 e 1.74 ± 0.10 i 2.14 ± 0.14 g 2.65 ± 0.11 g 3.77 ± 0.28 g

Berlin 1.61 ± 0.07 e 2.38 ± 0.13 g 4.06 ± 0.81 c 5.01 ± 0.69 c 5.17 ± 0.46 f

Super 10 1.65 ± 0.06 d 2.48 ± 0.12 f 3.19 ± 0.19 e 4.73 ± 0.86 d 5.94 ± 0.21 e

Vulcan 1.78 ± 0.16 c 3.02 ± 0.43 c 4.06 ± 0.15 c 5.23 ± 0.76 c 6.26 ± 0.22 de

Oscarde Star 1.67 ± 0.06 d 2.36 ± 0.11 g 3.92 ± 0.56 d 5.62 ± 0.75 b 7.08 ± 0.80 c

Saltine 1.58 ± 0.10 e 2.36 ± 0.08 g 3.28 ± 0.53 e 5.91 ± 0.51 b 6.48 ± 0.53 d

WG CAL 10 1.70 ± 0.18 cd 2.90 ± 0.34 d 4.46 ± 1.50 a 6.46 ± 0.99 a 6.41 ± 0.16 d

Cuf 101 2.09 ± 0.00 a 3.71 ± 0.27 b 4.19 ± 0.16 b 5.13 ± 0.71 c 7.49 ± 0.45 b

Server 2.19 ± 0.17 a 4.30 ± 0.59 a 4.75 ± 1.16 a 5.55 ± 0.42 b 8.21 ± 1.04 a

Nabee Altakwa 1.77 ± 0.04 c 2.65 ± 0.38 e 2.93 ± 0.45 f 4.22 ± 0.63 e 5.94 ± 1.41 e

Magic 1.87 ± 0.00 b 3.05 ± 0.38 c 4.07 ± 1.08 c 5.81 ± 1.06 b 7.11 ± 1.02 c
Note: aValues are shown as the mean of 3 biological replicates ± standard deviation of means. In each column, values followed by the same letter are
not significantly different (P ≤ 0.05).

116 Phyton, 2023, vol.92, no.1



3.4 Ability of Alfalfa Cultivars to Produce Cotyledonary and True Leaves under Varied NaCl Concentrations
The GP, CGRI and GT50 findings showed that all cultivars were mostly affected by 200 and 250 mmol L−1

NaCl. Therefore, we assessed the ratios (%) of cotyledonary (CL) and true (TL) leaf formations under both
conditions (Fig. 1). At 200 mmol L−1 NaCl, 30% to 90% of plants in each cultivar created CL. The ratios
of CL were the lowest in the WG CAL 10 and Server cultivars, which also did not produce TL at
200 mmol L−1 NaCl (Fig. 1A). Kasimi and Hassawi were the most effective among the cultivars in terms of
forming CL and TL at 200 mmol L−1 NaCl. More than 60% of Saltine, Super 10, Oscarde Star and Vulcan
individuals formed CL, but significantly less TL either at 200 or 250 mmol L−1 NaCl (Fig. 1B). Moreover, the
Super 10 cultivar did not form TL under 250 mmol L−1 (about 55% of the seeds formed CL). Overall,
incubation with 250 mmol L−1 NaCl decreased the ability of all tested cultivars to form TL. Nevertheless,
the Kasimi and Hassawi cultivars both formed TL with similarly high efficiency. The Berlin cultivar formed
more CL than Hassawi cultivars but could not form as many TL as the Hassawi and Kasimi cultivars.

4 Discussion

Salinity is one of the most important environmental stresses that adversely affect global plant growth and
productivity. Response of plants to salinity stress varied based on the development stage; however, it is well
established in the majority of crop plants that the most salt-sensitive stages are seed germination and
seedling establishment [25]. In vitro germination analysis has been applied previously to assess the salinity
tolerance of alfalfa [17,19,20,25]. These reports indicated high variation in germination of alfalfa seeds
under salinity stress. In general, different alfalfa cultivars germinate effectively when suitable temperatures
and adequate moisture are available [14]. Nevertheless, increasing salinity levels may adversely affect
alfalfa seeds’ germination percentage [26,27]. The present findings revealed considerable variations in GP
among 12 alfalfa cultivars. Alfalfa has moderate salinity tolerance. Increasing salinity concentrations up to
200 and 250 mmol L−1 NaCl led to reductions in the average GP of all cultivars. These results confirm
previous findings of salinity effects on GP among alfalfa cultivars [14,19,28,29] as well as rice [30] and the
halophyte quinoa [31]. Our results indicated that the local cultivars (Kasimi and Hassawi) showed salinity
tolerance comparable to the tolerant German cultivar (Berlin). The inhibitive effects of salinity on
germination could be attributed to several factors including limited water availability, ionic toxicity of Na+

and Cl− ions on seed embryos, protein denaturation, alteration of carbohydrate metabolism, and reduction of
absorbed water amounts [29,32].

Figure 1: Ratios (%) of cotyledonary and true leaves of 12 alfalfa cultivars after 10 days of seed cultivation
with (A) 200 and (B) 250 mmol L−1 of NaCl (Bars are means ± standard error)
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In terms of CGRI, our results showed that the Kasimi cultivar was the most salt tolerant, whereas Saltine
and Server cultivars were very sensitive to increasing salinity concentrations. Kasimi and Hassawi are Saudi
cultivars with relatively high tolerance to abiotic stresses such as salinity and drought. This fact was
supported by the present findings because these cultivars had the shortest GT50 regardless of salinity,
indicating rapid germination rates even at 250 mmol L−1 NaCl. In a recent study, Kankarla et al. [25]
found that germination index of alfalfa seeds was adversely affected by soil salinity. Previous studies
indicated the positive relation between crop’s ability to germinate under severe salinity conditions and the
potential good performance under salinity stress in greenhouse and/or open field conditions [14].

The Kasimi and Hassawi cultivars formed the most TL, indicating good survival under conditions of
high salinity. The Kasimi, Berlin and Hassawi cultivars were the least affected by salinity stress and thus
are more tolerant to salinity than the other cultivars studied. Previous studies confirmed high salinity
tolerance in alfalfa cultivars [23,33,34]. However, deeper analysis of crop productivity may confirm the
salinity tolerance levels of those cultivars. It was shown salinity levels observed at the initial growth
stages under laboratory conditions differ from those found under field conditions in other crops, e.g.,
Sorghum bicolor [35]. The identification of salinity tolerance in vitro is widely accepted and has been
applied to several plants. The current study confirmed the high salinity tolerance of the Saudi alfalfa
cultivars Kasimi and Hassawi based on their germination and survival rates under various NaCl
concentrations.

5 Conclusion

In conclusion, we assessed salinity tolerance in alfalfa in vitro to accurately identify sensitive and
tolerant cultivars. The Saudi alfalfa cultivars, Kasimi and Hassawi were highly tolerant of NaCl stress
with only a slight decrease in germination indicators and high survival rates at high NaCl concentrations.
Adapting the tolerant cultivars would enhance the production of forage alfalfa and save fresh water by
providing potential for irrigation with relatively low salinity level. Further studies are needed to determine
the effects of irrigation with saline water on the later growth stages of these cultivars, as well as biomass
accumulation and yield.
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