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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) x 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) x 100

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

Estimation of chlorophyll content

One gram of finely cut fresh leaves were taken and ground with 2040 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 NaCl concentration, mM

varieties 0 50 100 150 200 250
Gozlu-l | 95.740.6 | 81.9+02 | 64.8404 | 40.7+0.5 0 0
Burgaltai | 96.4+0.4 | 67.840.1 | 53.6£02 | 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.
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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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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).
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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.
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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).
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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).
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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.
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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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Annomayus. Jlronepuy Bo3nensiBarot 6omnee 3 000 et 1 BrIpanuBatoT Ha uromaau 6onee 30
MHJUIMOHOB IeKTapoB B 6osiee uem 80 cTpaHax Mupa. DTO XOpollee MUIEBOe PaCTEHHE C Ipa-
BIJIBHBIM COOTHOIIEHHEM Oellka M He3aMEHHMBIX aMHHOKHCIIOT, YIJIEBOIOB, MHUHEPAIEHBIX
costelt u apyrux BeniecTB. CoONeBOTO CTPECC MO-pa3HOMY BIHUSIET Ha (DU3HOJIOTHIO PACTCHUH.
Hanpumep, n3-3a CHuKEeHHUS BOJHOTO TOTEHIMAjIa PACTEHUSAM CTAHOBUTCS TPY/IHO YCBaUBATh
BOJIy, HapylIaeTcsi OOMEH BEIEeCTB, CHIKAETCSI MHTEHCHUBHOCTBH Ipolecca (POTOCHHTE3A.
ConeycToitunBocTh copToB JitouepHsl 1'03ny-1 (Typrwust) u bypranrtait (Monronus) cpaBHU-
BaJIM in Vitro ¥ ex vitro ¢ ucnonb3oanuem NaCl. ITo pesynbratam ncciieI0BaHUS TIOKA3aTeIb
CTPECCOyCTOMYMBOCTH BCXOMOB y copTa lo3my-1 6bu1 Ha 11,2-39,0% BoIIIE, WeM y copra
Bypranraii. Ilpu cpaBHEHMN HCKYCCTBEHHO MHIYyLIMPOBAaHHON COJIEYCTOMYMBOCTH C HEKOTO-
pBIME MOP(OIOTHUECKIMH TTOKa3aTensaMu copt lo3my-1 mokasan va 1,2-18,4% menbiuee
conep:kanne xmopoduiia, yem copt BypranTaif, a ”HTEHCHBHOCTH BOJOIIOTIIONICHUS COPTa
T'ozmy-1 6112 Ha 27,1-39,8 % BhIIIE, yeM copra Bypranraii.

Kurouesvie cnosa: nronepHa cHHEIBETKOBas, cOpT [031y-1, JTFOIIepHa KENTOIBETKOBAS, COPT
Bypranraif, ycTOH4NBOCTh K COJEBOMY CTpeccy, MOp(oioruieckue u (puznonorudeckue
TIOKa3aTely.

brazooaprocmu

Hccnenosanue MpoOBOIUIOCH B PaMKax MEKIYHAPOIHOTO MpoekTa « BrIpalinBaHue )UBOT-
HOro Oelika M MPOM3BOJACTBO KOPMOBY», (DUHAHCHPYEMOrOo MUHHCTEPCTBOM KYJIBTYPHI H
Typusma Typrmu u TyperkuM areHTCTBOM IO COTPYIHHYESCTBY U KOOPIMHAIIHH.
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