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Abstract. Alfalfa has been cultivated for more than 3 000 years. Today, over 80 countries 
cultivate alfalfa on more than 30 million hectares. It is a good fodder plant with a rich ratio 
of protein and essential amino acids, carbohydrates, mineral salts, and other substances. Salt 
stress has various effects on plant physiology. For example, due to a decrease in osmotic 
potential, it becomes difficult for plants to absorb water, metabolism is lost, and the intensity 
of the photosynthesis process decreases. In this study, the salt tolerance of the Turkish alfalfa 
variety Gozlu-1 and the Mongolian alfalfa variety Burgaltai was compared using NaCl  
in vitro and ex vitro. 
According to the results of the study, the Gozlu-1 variety’s germination stress tolerance index 
is 11.2–39.0 % higher than the Burgaltai variety. When comparing artificial salt tolerance with 
some morphological parameters, the Gozlu-1 variety showed 1.2–18.4 % lower chlorophyll 
content than the Burgaltai variety, while the water absorption intensity of the Gozlu-1 variety 
was 27.1–39.8 % higher than the Burgaltai variety.
Keywords: blue-flowered alfalfa Gozlu-1 variety, yellow-flowered alfalfa Burgaltai variety, 
salt stress tolerance, morphological and physiological parameters.
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Introduction
Among environmental stresses for plants, factors such as drought, heat, cold, soil 

salinity, and fertility degradation (nitrogen deficiency) significantly reduce plant yield. 
Soil salinity evolves rapidly depending on environmental factors such as temperature 
and precipitation, as well as agricultural practices and technologies [Castroluna et al., 
2014]. About 1.7 % of soil in Mongolian territory has high salinity, mainly distributed 
in lowlands such as the bottom of large and small hollows, near brackish lakes, river 
floodplains, and lakes with no outflow [Batchuluun, Gerelbaatar, 2015]. Global warming, 
decreased rainfall, and increased livestock numbers increase pasture degradation. In 
forest and steppe areas, the main sites of pasture resources, there is a risk of more intense 
degradation. Therefore, it is necessary to introduce the use of pastures that have not 
lost their primary state to support the recovery of perennial plants in degraded pastures, 
reduce the growth of inedible plants, and quickly reduce soil erosion [Swiss Agency for 
Development and Cooperation, 2015]. There is a need to increase fodder production and 
grow cultivated fodder to replace natural fodder, given the need to reduce the effects of 
force majeure and possible risks related to global warming and climate change, and to 
improve livestock productivity [Ministry of Food, Agriculture and Light Industry, 2022]. 

Alfalfa is a perennial crop that can be used in natural pastures to restore degraded 
pastures and crop fields with poor fertility. There is a need to increase fodder production 
and grow a cultivated fodder to replace natural fodder in view of the need to reduce the 
effects of force majeure and possible risks related to global warming and climate change, 
and to improve the productivity of livestock. Alfalfa as a fodder plant is a perennial crop 
that can be used in natural pastures to restore degraded pastures and crop fields with 
poor fertility. Therefore, our main objective of this study was to compare salt tolerance 
of Gozlu-1 variety (Turkish blue-flowered alfalfa) with Burgaltai (only one introduced 
variety of Mongolia) in in vitro and ex vitro conditions. Based on the results of this study, 
it is important to determine whether Turkish Gozlu-1 alfalfa can be cultivated under 
irrigated conditions or in saline soils. 

Materials and methods
Plant materials
Gozlu-1 Turkish blue-flowered alfalfa and Burgaltai Mongolian yellow-flowered 

alfalfa seeds were used as plant materials.
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Determination of the effect of salt 
on the stress resistance index of seed germination

The alfalfa cultivar seeds were sterilized, and 20 seeds were placed in Petri dishes 
with filter paper. The following formula was used according to the methodology of Raza 
et al. (2021) to evaluate the effect of salt on the seed germination index by measuring 
effects on the second, fourth, sixth, and eighth days after the start of the experiment by 
irrigating with 10 ml of different salt solution concentrations every day: 

Salt-affected seed germination = nd2 (1.00) + nd4 (0.75) + nd6 (0.50) + nd8 (0.25),
nd — the day of seed germination

The seed germination salt resistance index was calculated by the following formula:

Seed germination index (%) = (salt-affected seed germination) / (controlled seed 
germination) × 100

Determination of the effect of salt on the stress resistance index 
of shoot and root length of alfalfa varieties

Alfalfa plants were grown for 30 days and then watered until saturation with 
different salt concentration solutions (0–250 mM). Phenological observations of 
plants were made daily, and when phenotypic differences occurred, the shoot and root 
length stress resistance index was calculated by using the following formula according 
to the methodology of Raza et al. (2021). The experiment was performed with three  
replications:

Shoot length stress resistance index (%) = (salt-affected plant shoot length) / (shoot 
length of control plants) × 100

Root length stress resistance index (%) = (root length of salt-affected plants) / (root 
length of control plants) × 100

Determination of the effect of salt on the dry weight index of plant leaves
The leaves of the salt-stressed and control plants were cut and dried at 70 °C for 

24 hours, and the dry weight was determined by weighing [Raza et al., 2021]:

Leaf dry weight index (%) = (salt-affected leaf weight) / (control leaf weight) × 100

Estimation of chlorophyll content 
One gram of finely cut fresh leaves were taken and ground with 20–40 ml of 80 % 

acetone. It was then centrifuged at 5,000-10,000 rpm for five minutes. The supernatant 
was transferred, and the procedure was repeated until the residue became colorless. The 
absorbency of the solution was red at 645 nm and 663 nm against the solvent (acetone) 
blank [Rajalakshmi & Banu, 2015]. 
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The concentrations of chlorophyll a, chlorophyll b, and total chlorophyll were 
calculated using the following equation: 

Chlorophyll a: 12.7(A663) – 2.69(A645)
Chlorophyll b: 22.9(A645) – 4.68(A663)
Total Chlorophyll: 20.2(A645) + 8.02(A663) 
The chlorophyll content of the Gozlu-1 and Burgaltai leaves exposed to drought 

under laboratory conditions was compared with a spectrophotometer.

Method of measuring leaf water uptake intensity
Water was withheld for seven days after six weeks of germination. In the morning,  

the second fully expanded leaves were taken from each variety and weighed imme- 
diately. They were kept for one night at room temperature in a test tube containing 10 ml 
of distilled water. The water was removed from the leaves’ surfaces, and the leaves were 
weighed again to obtain their turgid weight (saturated weight) [Raza et al., 2021]:

Leaf water uptake intensity (%) = Saturated weight – Fresh weight x 100 / Saturated 
weight

Data analysis
Each experiment was performed with three replications of the mean values, and the 

standard deviation was calculated using Microsoft Excel.

Results
Effect of salt on the stress tolerance index of seed germination

Increasing the osmotic pressure with salt solutions of different concentrations has  
a negative effect on plant growth and seed germination by limiting water absorption. 

When determining the index of seed germination, compared to the control, the 
Burgaltai variety decreased by 28.6  % at 50 mM, by 42.8 % at 100 mM, and by 94.7 % at 
150 mM; seed germination completely stopped at 200 mM. The Gozlu-1 seed germination 
stress resistance index decreased by 13.8 % compared to the control at 50 mM, 30.9 % at 
100 mM, and 55.0 % at 150 mM; seed germination completely stopped at 200 mM. The 
Gozlu-1 germination stress tolerance index was 14.8 % higher at 50 mM, 11.2 % higher 
at 100 mM, and 39.0 % higher at 150 mM than the Burgaltai variety (Table 1, Fig. 1).

Table 1

Seed germination index of alfalfa plants in various concentrations of salt, %
 

Alfalfa 
varieties

NaCl concentration, mМ

0 50 100 150 200 250

Gozlu-1 95.7±0.6 81.9±0.2 64.8±0.4 40.7±0.5 0 0

Burgaltai 96.4±0.4 67.8±0.1 53.6±0.2 31.7±0.3 0 0

Means of three replicates ± SD after 15 days of salt stress testing
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Fig. 1. Seed germination of alfalfa cultivars treated with different salt concentrations 
after 14 days (A: Gozlu-1, B: Burgaltai; from left to right: NaCl concentrations 

of 0, 50, 100, 150, 200, and 250 mM)
 
 

Effect of salt on the stress resistance index of shoot and root length
Shoot length

When the alfalfa varieties were stressed by irrigation with 50, 100, 150, 200, and 
250 mM NaCl solutions, the shoot length of the Burgaltai variety decreased by 3.9 cm  
(70.0 %) at 50 mM, 5.8 cm (74 %) at 100 mM, 5.9 cm (78.0 %) at 150 mM, and 6.9 cm 
(98 %) at 200 mM compared to control plants, and shoot growth completely stopped at 
250 mM (Figure 2). The shoot length of the Gozlu-1 variety decreased by 1.9 cm (24.3 %) 
at 50 mM, 2.2 cm (28.6 %) at 100 mM, 2.8 cm (35.5 %) at 150 mM, 3.6 cm (45.4 %) at 
200 mM, and 5.4 cm (67.8 %) at 250 mM compared to control plants (Fig. 2, 4). Based 
on these results, we concluded that the shoot length of the Gozlu-1 variety was 45.7 % 
higher than the Burgaltai variety at 50 mM, 45.4% at 100 mM, 42.5 % at 150 mM, 
52.6 % at 200 mM, and 32.2 % at 250 mM.

Fig. 2. Shoot length index of alfalfa varieties affected by salt, %. Columns indicate 
the mean and error; bars indicate the standard deviation of three replications
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Method of measuring leaf water uptake intensity 
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plants, and shoot growth completely stopped at 250 mM (Figure 2). The shoot length of the Gozlu-1 
variety decreased by 1.9 cm (24.3%) at 50 mM, 2.2 cm (28.6%) at 100 mM, 2.8 cm (35.5%) at 150 
mM, 3.6 cm (45.4%) at 200 mM, and 5.4 cm (67.8%) at 250 mM compared to control plants (Figure 2, 
4). Based on these results, we concluded that the shoot length of the Gozlu-1 variety was 45.7% 
higher than the Burgaltai variety at 50 mM, 45.4% at 100 mM, 42.5% at 150 mM, 52.6% at 200 mM, 
and 32.2% at 250 mM. 
 

 
Figure 2. Shoot length index of alfalfa varieties affected by salt, %. Columns indicate the mean and 
error; bars indicate the standard deviation of three replications. 
 
Root length:  
When the alfalfa varieties were stressed by irrigation with 50, 100, 150, 200, and 250 mM NaCl 
solutions, the root length of the Burgaltai variety decreased by 1.6 cm (18.8%) at 50 mM, 2.8 cm 
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mM compared to control plants (Figure 3).Whereas, in Gozlu-1 variety, it was 0.6 cm (7.3%) at 50 
mM, 2 cm (22.5%) at 100 mM,2.2 cm (25.0%) at 150 mM, and 200 mM longer than that of control 
plants, decreased by4.8 cm (53.8%), and at 250 mM, the root growth was shorter by 6.3 cm or 70.0%. 
These results show that the root length of the Gozlu-1 variety was 7.5% longer than the Burgaltai 
variety at 50 mM, 9.5% at 100 mM, 13.0% at 150 mM, 32.5% at 200 mM, and 20.0 at 250 mM (Figure 
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Root length
When the alfalfa varieties were stressed by irrigation with 50, 100, 150, 200, and 

250 mM NaCl solutions, the root length of the Burgaltai variety decreased by 1.6 cm 
(18.8 %) at 50 mM, 2.8 cm (32.0 %) at 100 mM,  3.4 cm (38.0 %) at 150 mM, 7.7 cm 
(86.3 %) at 200 mM, and 8.1 cm (90 %) at 250 mM compared to control plants (Fig. 3).
Whereas, in Gozlu-1 variety, it was 0.6 cm (7.3 %) at 50 mM, 2 cm (22.5 %) at 100 mM, 
2.2 cm (25.0 %) at 150 mM, and 200 mM longer than that of control plants, decreased 
by 4.8 cm (53.8 %), and at 250 mM, the root growth was shorter by 6.3 cm or 70.0 %. 
These results show that the root length of the Gozlu-1 variety was 7.5 % longer than the 
Burgaltai variety at 50 mM, 9.5 % at 100 mM, 13.0 % at 150 mM, 32.5 % at 200 mM, 
and 20.0 at 250 mM (Fig. 3, 4).

Fig. 3. Root length index of alfalfa varieties treated with different salt concentrations. 
Columns indicate the mean and error; bars indicate the standard deviation of three replications

Fig. 4. Phenotype of the Gozlu-1 variety treated with different salt concentrations after 30 days. 
From left to right: NaCl concentrations of 0, 50, 100, 150, 200, and 250 mM 
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Effect of salt on the shoot and root stress resistance index 
Shoot weight 

The shoot weight index of the Burgaltai variety stressed by watering with different 
salt concentrations decreased by 0.11 g (58.2 %) higherat 50 mM, 0.157 g (83.0 %) at 
100 mM, 0.174 g (92.0 %) at 150 mM, 0.183 g (96.8 %) at 200 mM compared to control 
plants, and shoot growth stopped completely at 250 mM. The shoot weight index of the 
Gozlu-1 variety stressed by watering with different salt concentrations decreased by 
0.095 g (48.9 %) at 50 mM, 0.156 g (80.4 %) at 100 mM, 0.16 g (82.4 %) at 150 mM, 
0.17 g (87.6 %) at 200 mM, and 0.184 g (94.8 %) at 250 mM compared to control plants 
(Fig. 5). 

The shoot weight of Gozlu-1 was 9.3 % higher than the Burgaltai variety at 50 mM, 
2.6 % at 100 mM, 9.6 % at 150 mM, 9.2 % at 200 mM, and 4.6 % at 250 mM. 

Fig. 5. Shoot weight index of alfalfa varieties treated with different concentrations of salt, %. 
Columns indicate the mean and error; bars indicate the standard deviation of three replications 

Root weight
The root weight index of the Burgaltai variety stressed by watering with different 

salt concentrations decreased by 0.09 g (57.0 %) at 50 mM, 0.11 g (69.0 %) at 100 
mM, 0.118 g (74.0 %) at 150 mM, and 0.15 g (95.0 %) at 200 mM compared to the 
control plants, and root growth stopped completely at 250 mM (Fig. 6). The root weight 
index of the Gozlu-1 variety decreased by 0.05 g (32.1 %) at 50 mM, 0.07 g (44.2 %)  
at 100 mM, 0.11 g (66.0 %) at 150 mM, 0.13 g (82.0 %) at 200 mM, and 0.15 g (91.4 %) 
at 250 mM compared to control plants (Fig. 6). According to these results, the root 
weight of the Gozlu-1 variety was 24.9 % higher than the Burgaltai variety at 50 mM, 
24.8 % at 100 mM, 8.0 % at 150 mM, 13.0 % at 200 mM, and 9.6 % at 250 mM.
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Fig. 6. Root weight index of alfalfa varieties treated with different salt concentrations, %. 
Columns indicate the mean and error; bars indicate the standard deviation of three replications.

Effect of salt on the stress resistance index of leaf dry weight 
The stress resistance index of leaf dry weight of the salt-stressed plants decreased 

with increasing salt concentrations. Compared to control plants, the stress resistance 
index of leaf dry weight of the Burgaltai variety decreased by 58.3 % at 50 mM, 59.5 % 
at 100 mM, 92.1 % at 150 mM, 96.9 % at 200 mM, and 99.5 % at 250 mM. The stress 
resistance index of Gozlu-1 leaf dry weight decreased by 48.9% at 50 mM, 80.5 % at 
100 mM, 81.9 % at 150 mM, 87.7 % at 200 mM, and 94.9 % at 250 mM (Fig. 7). The 
Gozlu-1 leaf dry weight stress tolerance index was 9.3 % higher than the Burgaltai 
variety at 50 mM, 10.1% at 150 mM, 9.2 % at 200 mM, and 4.6 % at 250 mM. The results 
showed that the alfalfa leaf dry weight stress tolerance index decreased by 48–58 % at 
50 mM and 94–99 % at 250 mM (Fig. 7).

Fig. 7. Dry weight index of alfalfa leaves. Columns indicate the mean and error; 
bars indicate the standard deviation of three replications
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Effect of salt on total chlorophyll content
The chlorophyll content of Gozlu-1 and Burgaltai leaves stressed by salt under 

laboratory conditions was measured by spectrophotometry.
The chlorophyll content of Gozlu-1 not exposed to salt stress (control plants) was 

higher than that of Burgaltai. When measuring the chlorophyll content of the Burgaltai 
variety exposed to salt stress, the content decreased by 2.6 mg/ml at 50 mM, 3.4 mg/
ml at 100 mM, 4.9 mg/ml at 150 mM, 6.4 mg/ml at 200 mM, and 7.3 mg/ml at 250 mM 
compared to control plants. The chlorophyll content of the Gozlu-1 variety exposed 
to salt stress decreased by 6.5 mg/ml at 50 mM, 6.7 mg/ml at 100 mM, 7.0 mg/ml at 
150 mM, 9.5 mg/ml at 200 mM, and 11.3 mg/ml at 250 mM (Figure 8).The amount of 
chlorophyll in the salt-stressed Gozlu-1 variety was 60.0 % higher than the Burgaltai 
variety at 50 mM, 49.3 % at 100 mM, 30.0 %  at 150 mM, 32.6 %  at 200 mM, and 35.3 %  
at 250 mM (Fig. 8).

Fig. 8. Leaf chlorophyll content of alfalfa varieties exposed to salt stress. 
Columns indicate the mean and error; bars indicate the standard deviation of three replications

The leaf water absorption intensity of alfalfa varieties treated with different salt 
solutions (ranging from 0 to 250 mM) decreased gradually with increasing salt con- 
centration compared to the control plants (Fig. 9).

The water absorption capacity of Burgaltai seeds completely stopped when treated 
with a NaCl concentration of 200 mM or more.

When treated with a concentrated salt solution of 50 mM, the water absorption 
intensity of Burgaltai leaves decreased by 56.5 % at 50 mM, 62.3 % at 100 mM, 64.2 % at 
150 mM, 71.8 % at 200 mMcompared to the control, and completely stopped at 250 mM.

The water absorption intensity of Gozlu-1 leaves decreased by 16.7% at 50 mM, 
37.1 % at 100 mM, 40.7 % at 150 mM, 57.2 % at 200 mM, and 78.6 % at 250 mM 
compared to the control. 
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The water absorption intensity of Gozlu-1 leaves was 39.8 % higher than the Burgaltai 
variety at 50 mM, 25.2 % at 100 mM, and 23.5 % at 150 mM, 14.6 % at 200 mM, 
respectively.

Fig. 9. Leaf water absorption intensity of alfalfa varieties subjected to salt stress 
by various salt concentrations. Columns indicate the mean and error; bars indicate 

the standard deviation of three replications

Discussion
Alfalfa is a good fodder plant with a rich ratio of protein and essential amino acids, 

carbohydrates, mineral salts, and other substances [Batsukh, Tsogoo, 2021]. The study  
of the salinity tolerance of Medicago varia Martyn and the Gozlu-1 variety was 
determined by morphological and physiological measurements in laboratory conditions. 

Alfalfa has been cultivated for more than 3 000 years [Erdenejav, 2015]. Plants vary 
in their sensitivity to salt; some plants are resistant to salt, while others die immediately. 
In the process of evolution, some plant species have become able to adapt to high salinity 
conditions, while most of them grow in salt-free conditions and are sensitive to salt 
[Tsendeekhuu, 2018]. Salinity causes salt stress in plants, reducing seed germination 
and leaf water content and increasing chloride ion concentration and lipid peroxidation.

The Uuganzaya (2017) study showed that alfalfa (M. sativa L.) grown in Russia 
stressed by irrigation with different salt concentrations (0, 50, 100, 150, and 200 mM) 
for 14 days was found to be resistant to salinity in terms of morphology and physiology. 

In a salinity experiment [Castroluna et al., 2014], cultivated alfalfa (M. sativa L.) 
was stressed for a week with 0, 50, 100, 150, and 200 mM salt solutions. The alfalfa 
(M. sativa L.) cultivated showed 7 % germination at the highest concentration of 200 mM 
and 54 % at 100 mM. According to Adiyasuren (2017), the germination intensity was 
0 % at 200 mM and 67.6 % at 100 mM. It can be concluded from the results of this study 
that Gozlu-1 alfalfa variety grows poorly in soils with high concentrations of salt.
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Researchers measured the salt tolerance of cultivated alfalfa (M. sativa L.) at 
the highest salt concentration of 250 mM by morphological parameters; as the salt 
concentration increased, the plant root length decreased by 68.9 % compared to the 
control version [Guo et al., 2016]. In the study by Adiyasuren (2017), it was determined 
that the root length of M. sativa L. exposed to salt solution stress at 200 mM was 70.0 % 
less than the control version. In our study, the root length of Gozlu-1 was 53.8 % at 200 
mM and 70 % less at 250 mM compared to the control.

A study by Kanawapee et al. (2012) found that the activity of leaf apical cells of 
plants subjected to salt stress decreases water loss and slows down the growth and 
development of plants. Chlorine ions enter the leaves through the apoplast system, 
inhibiting photosynthesis and chlorophyll synthesis [Jansaya, 2019]. When plants are 
subjected to salt stress, their photosynthetic process is reduced [Tsendeekhuu, 2018]. 

According to the results of our research, as the concentration of salt solutions increased, 
the total chlorophyll content of alfalfa leaves decreased, and the leaves turned yellow. 
This was due to the change in nitrogen exchange due to the excess salt accumulated, the 
accumulation of toxic substances in cells and tissues, damage to the delicate structure of 
plant cells, and damage to chloroplasts.

In the study by Uuganzaya (2017), when watered for 14 days with solutions with 
different salt concentrations (0, 50, 100, 150, and 200 mM), the chlorophyll content 
of cultivated alfalfa (M. sativa L.) increased by 16.1–23.7 % compared to the control, 
but it decreased by 10.4–42.7 % in the Burgaltai variety. According to our research, the 
chlorophyll content of Gozlu-1 decreased by 15.1–70.5 % compared to the control and 
by 26.0–75.2 % compared to the Burgaltai variety.

Carillo et al. (2011) found that the toxic effect of Cl anion can cause chlorophyll 
deficiency and the yellowing of leaves. Salt stress inhibits soil water uptake [Munns, 
2005]. As a result, the growth and development of the plant begin to slow down. 
Salt accumulation in plant apoplasts slows down plant growth [Tsendeekhuu, 2018].  
As a result, plant cells and tissues begin to dehydrate. Therefore, it is believed that 
the morphological and physiological parameters of alfalfa taken in the study are 
decreasing. 

Conclusion
1. When the seed germination intensity of salt tolerance of alfalfa cultivars was 

observed in vitro, the seed germination stress tolerance index of the Gozlu-1 variety was  
11.2–39.0 % more resistant than that of the Burgaltai variety.

2. According to the results of chlorophyll content in alfalfa leaves exposed to salt 
stress, as the concentration of salt increased, the amount of chlorophyll decreased, and 
morphological changes such as the drying and shriveling of leaves, loss of green mass, 
and thinning of roots occurred more strongly compared to control plants.

3. The Gozlu-1 variety was more salt-resistant than the Burgaltai variety in terms of 
morphological and physiological parameters, so it is considered suitable for cultivation 
under irrigated and saline soil conditions.
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Аннотация. Люцерну возделывают более 3 000 лет и выращивают на площади более 30 
миллионов гектаров в более чем 80 странах мира. Это хорошее пищевое растение с пра-
вильным соотношением белка и незаменимых аминокислот, углеводов, минеральных 
солей и других веществ. Солевого стресс по-разному влияет на физиологию растений. 
Например, из-за снижения водного потенциала растениям становится трудно усваивать 
воду, нарушается обмен веществ, снижается интенсивность процесса фотосинтеза. 
Солеустойчивость сортов люцерны Гозлу-1 (Турция) и Бургалтай (Монголия) сравни-
вали in vitro и ex vitro с использованием NaCl. По результатам исследования показатель 
стрессоустойчивости всходов у сорта Гозлу-1 был на 11,2–39,0 % выше, чем у сорта 
Бургалтай. При сравнении искусственно индуцированной солеустойчивости с некото-
рыми морфологическими показателями сорт Гозлу-1 показал на 1,2–18,4 % меньшее 
содержание хлорофилла, чем сорт Бургалтай, а интенсивность водопоглощения сорта 
Гозлу-1 была на 27,1–39,8 % выше, чем сорта Бургалтай.
Ключевые слова: люцерна синецветковая, сорт Гозлу-1, люцерна желтоцветковая, сорт 
Бургалтай, устойчивость к солевому стрессу, морфологические и физиологические 
показатели. 
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