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Abstract. Alfalfa is a perennial fodder plant with high nutritional value, efficient grass yield
and high protein content [Erdenejav, 2015]. Drought stress is a major environmental factor
that affects the germination and growth stages of plants. In this study, the drought tolerance
of Turkish alfalfa variety, Gozlu-1 and Mongolian alfalfa variety, Burgaltai was compared
using polyethylene glycol (PEG 20 000) and mannitol both in vitro and ex vitro. According
to the results of the study, the germination rate of Gozlu-1 variety in drought was 4.4-20.2%
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better than that of Burgaltai variety. When comparing the alfalfa varieties according to some
morphological parameters that indicates the resistance of artificial drought, Gozlu-1 variety
showed 8.4% more resistance than Burgaltai variety, and Gozlu-1 variety has 17.5-28% more
water absorption intensity than Burgaltai variety.

Keywords: blue flowered alfalfa Gozlu-1 variety, yellow flowered alfalfa Burgaltai variety,
drought stress tolerance, morphological and physiological parameters.
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Introduction

Due to global climate change, the average annual air temperature in Mongolia has
increased by 1.56 degrees over the last 60 years. According to research, droughts occur
once every 45 years in 25 percent of the country’s territory, and the number of days with
dust storms in the steppe and Gobi regions tends to increase 3—4 times today compared
to 1960'. A United Nations study estimates that 90% of Mongolia’s pastureland is at risk
of desertification. Seventy six percent of them believe that desertification has already
started. Therefore, it is necessary to sustain the relatively fresh pastures without losing
their basic condition, to support the recovery of degraded perennial grasses, to reduce
the proportion of inedible and useless plants, and to introduce a use that can reduce soil
erosion in a short time?.

The biggest challenge to the sustainability of Mongolia’s livestock production is the
deterioration of pasture condition, quality or pasture productivity and the associated
environmental degradation, which is the main source of fodder and habitat. There is
a need for cultivation for perennial forage plants for sustainable use of natural pastures,
improvement of hayfields by irrigation and fertilization, increase of fodder production,
and replacement of natural fodder due to the need to reduce the impact of natural disasters
caused by global warming.

Our country produces most of its fodder from forest-steppe, high mountain and
agricultural areas. As of 2017, the area under fodder crops was 26.2 thousand hectares
which is 5 times less than the previous period and the harvest was 10 times lower. Within
the framework of the Intensive Livestock Support Program, it is planned to increase the
area of fodder crops to 100.0 thousand hectares, in 2021 we are working to supply green
fodder seeds to local communities at a discounted price and increase sowing® .

! Desertification and Mongolia. Available at: https:/news.mn/r/635416/ (accessed 17.06.2013)
2 Mongolian National Pastureland Status Report 2015. Available at: https://www.eda.admin.ch/
dam/countries/countries-content/mongolia/en/Mongolia-Rangeland-Health-Report MN.pdf. P. 5.
* Report of the Ministry of Food, Agriculture and Light Industry 2022. Available at: http://www.

msrm.mn/index.php?option=com_content&view=category&layout=blog&id=83&Itemid=468&
limitstart=5 (accessed 17.06.2013)
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Alfalfa, a forage plant, is a valuable perennial crop that regenerates degraded pastures
and degraded crops, grows in natural pastures. Therefore, we studied alfalfa varieties
in vitro and ex vitro conditions to compare the drought tolerance of Turkish blue-flowered
alfalfa Gozlu-1 with the results of Mongolian yellow flowered Burgaltai variety, and to
determine the ability of alfalfa to grow in drought conditions with high productivity.

Ghasem et al. [2009], Hamidi and Safarnejad [2010], Castroluna et al. [2014],
Adiyasuren et al. [2016] are reported alfalfa seed germination ability under drought
condition. In addition, Safarnejad [2008] established some morphological parameters
of alfalfa plants and Adiyasuren et al. [2016] presented some result of drought tolerance
of M. sativa, M. falcata, M. varia Marthz, M. varia Martyn. Jansaya Yerbolat [2019]
reported comparative analysis of drought tolerance in alfalfa varieties of M. sativa,
M. Uuganzaya [2017] determined drought tolerance on some alfalfa species by some
morphological and physiological parameters.

Materials and methods

Plant materials
Seeds of Gozlu-1 blue flowered alfalfa variety of Turkey and Burgaltai alfalfa variety
of Mongolian were used as a plant materials.

To determine the effect of drought on the stress tolerance index of seed germination
seeds of alfalfa varieties were sterilized and placed in 20 petri dishes with filter paper
3-5 times. The following formula was used to measure the effect of drought on the seed
germination index on the 2nd, 4th, 6th and 8th days after the start of the experiment by
irrigating with 10 ml of different osmotic pressure solution daily.

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

The seed germination drought resistance index is calculated by the following formula:

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

Methodology for determination of drought stress in vitro. Drought stress of alfalfa
Gozlu-1 and Burgaltai varieties was determined in vitro under the method of Kadota
[2001] with 3-5 replications. Sterilized seeds were transplanted for 1 month on mannitol-
containing media at concentrations of 50, 100, 200, 300, 400, and 500 mM. Plant viability
was determined by seed germination rate, plant height and root length.

Determining the effect of drought on the shoot and root length stress resistance index
of alfalfa varieties. Phenotypical observations of alfalfa varieties were performed daily
for 30 days until the plants were saturated with solutions of different concentrations of
mannitol (0-500 mM). When there is a phenotypic difference, the stress resistance index
of shoots and roots is calculated according to the method of Sammar Raza [2012] using
the following formula.The experiment was performed with 3 replications.

Shoot length stress resistance index (%) = (drought-affected plant shoot length) /
(control plant shoot length) % 100
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Root length stress resistance index (%) = (root length of drought-affected plants) /
(root length of control plants) x 100

Determining the effect of drought on the dry weight index of plants. The leaves
of the drought-stressed and control plants are cut, dried in an oven at 70 °C for 24 h, and
weighed to determine the dry weight.

Dry weight index (%) = (drought-affected plant weight) / (control plant weight) < 100

Plant shoot weight index (%) = (drought-affected plant shoot weight) /
(control plant shoot weight) x 100

Data calculation and analysis
Each experiment was performed with 3 replications, and the values of the mean and
standard deviations of the experiment were calculated using Microsoft Excel.

Result and discussion

The effect of drought on the stress tolerance index of seed germination

Polyethylene glycol 20000 (PEG) — a seed germination index for alfalfa varieties
based on a method that restricts plant growth and seed germination by increasing the
osmotic pressure and limiting water absorption by forming a high-molecular-weight
synthetic drought.At a pressure of -0.3 MPa, the Turkish Gozlu-1 variety decreased by
3.1% while the Burgaltai variety decreased by 23.2% compared to control plants.

In a solution with a pressure of -0.6 MPa, the Gozlu-1 variety decreased by 5.2%
while the Burgaltai variety decreased by 32.9% compared to control plants.

In a solution with a pressure of -0.9 MPa, the Gozlu-1 variety decreased by 34.3%
whereas the Burgaltai variety decreased by 40.2% compared to control plants.

In a solution with a pressure of -1.2 MPa, the Gozlu-1 variety decreased by 60.4%
whereas the Burgaltai variety decreased by 64.6% compared to control (Table 1,
Figure 1).

Table 1
The seed germination of alfalfa plants in different osmotic solution level, %
Plants 0 -0.3MPa -0.6 MPa -0.9 MPa -1.2 MPa Mean
Burgaltai 82+0.1 63+0.1 554+0.5 49+0.2 29+0.4 55.6
Gozlu-1 96+0.2 93+0.3 91+0.1 63+0.3 38+0.1 76.2

Means of three replicates +£SD after 15 days of drought stress test

Determination of drought stress in vitro condition

Water scarcity or dehydration is one of the factors limiting plant growth, which
can lead to significant changes in plant physiology. In order to test the drought stress
resistance in vitro, the sterilized seeds were transplanted and tested for 21 days after
preparation of mannitol-containing medium with concentrations of 50, 100, 200, 300,
400, 500 mM according to the Kadota [2001] method. Drought stress was artificially
generated with mannitol and grown in a nutrient medium. Although controlled plant
growth was normal, seed growth rates were slowed in drought-tolerated variants.
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Figure 1. Seed germination of alfalfa plants affected by different levels of osmotic solution
(A, B, C: Gozlu-1; D, E, F: Burgaltai; left hand side PEG 0, -0.3, -0.6, -0.9, -1.2 MPa; 5, 10, 15 days)

Based on this methodology, in determining the germination index of alfalfa varieties,
Gozlu-1 variety was reduced by 3.3% and Burgaltai variety by 19.2% in the medium
containing 50 mM mannitol solution. At 100 mM, the Gozlu-1 variety decreased by
10% compared to control and the Burgaltai variety by 30.8%, at 200 mM, the Gozlu-1
variety was reduced by 15% and the Burgaltai variety by 35%, at 300 mM, the Gozlu-1
variety decreased by 18.4% and the Burgaltai variety decreased by 68.6%, at 400 mM,
the Gozlu-1 variety decreased by 26.7% and the Burgaltai variety decreased by 100%, at
500 mM, the Gozlu-1 variety lost 35% of its control, while the Burgaltai variety did not
germinate at all (Figures 2, 3).
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Figure 2. Germination index of alfalfa varieties treated with mannitol, %.
The value of mean +standard deviation of three replications
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Figure 3. Seed germination of alfalfa varieties grown in mannitol-containing media
(A: Gozlu-1, B: Burgaltai)

Effect of drought on shoot and root length stress resistance index

When the irrigation was stopped for seven or 14 days, the shoot length index of
Burgaltai variety, which was affected by drought for 7 days, decreased by 5.8%, and
that of Gozlu-1 variety decreased by 14.2%. The shoot length index of Burgaltai variety,
which was affected by drought for 14 days, decreased by 29.4%, and that of Gozlu-1
variety decreased by 24.4% (Figure 4).

=
[
L]

DBurgaltai ®Gozlu-1

—
o
L]

(=]
L]

[=2]
L]

e
i

[
L]

Shoot length of alfalta plants
grownunder drought stress, %o

[

control 7 14
Drought stress, days

Figure 4. Shoot length index of drought-affected alfalfa varieties, %.
The value of mean =+ standard deviation of three replications

When the irrigation was stopped for 7 or 14 days, the root length index of Burgaltai
variety, which had been affected by drought for a week, decreased by 20%, and that of
Gozlu-1 decreased by 16.6%. However, the root length index of Burgaltai variety, which
was affected by drought for 14 days, decreased by 35%, and that of Gozlu-1 variety
decreased by 33.3% (Figure 5, 6).
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Figure 5. Root length index of drought-affected alfalfa varieties, %.
The value of mean + standard deviation of three replications

Figure 6. Phenotypic status of drought-affected alfalfa varieties
(A: Gozlu-1, B: Curly varieties; Left-handed control, after 7 and 14 days)

Effect of drought on shoot and root weight stress resistance index

When the irrigation was stopped for seven or 14 days, the weight index of the shoots
of Burgaltai variety, which had been affected by drought for a week, decreased by 35%,
and that of Gozlu-1 decreased by 74.2%. However, the shoot weight index of Burgaltai
variety, which was affected by drought for 14 days, decreased by 95%, and that of
Gozlu-1 variety decreased by 95.4% (Figure 7).

The root weight index of Burgaltai variety, which was affected by drought for a week,
decreased by 63.6%, and that of Gozlu-1 variety decreased by 33.3% after a seven-
and 14-day irrigation shutdown. The root weight index of Burgaltai variety, which was
affected by drought for 14 days, decreased by 78.4%, Gozlu-1 variety by 66.6%, and
Gozlu-1 variety by 11.8-30% (Figure 8).
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Figure 7. Shoot weight index of drought-affected alfalfa varieties, %.
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Figure 8. Root weight index of drought-affected alfalfa varieties, %.
The value of mean =+ standard deviation of three replications

Effect of drought on the stress resistance index of dry weight

When Gozlu-1 was used in solutions with pressures of -0.3, -0.6, -0.9 and 1.2 MPa,
the dry weight index was 30.3% higher than in the solution with a pressure of -0.3 MPa,
51.1% in 0.6 MPa and 63.3% in 0.9 MPa. iar, decreased by 70.6% at 1.2 MPa, and the
dry weight index decreased by 90.5% when subjected to drought stress without any
irrigation for 21 days. From this, we can assume that the dry weight index decreases as
the concentration of the osmotic pressure solution increases (Figure 9).
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Figure 9. Dry weight index of Gozlu-1 cultivar treated with osmotic pressure solution, %.
The value of mean =+ standard deviation of three replications

Effect of drought on total chlorophyll content

The chlorophyll content of the leaves of Gozlu-1 and Burgaltai varieties of alfalfa
exposed to drought under laboratory conditions was compared with a spectrophotometer.

The chlorophyll content of Gozlu-1, which was not subjected to drought stress or in
the control variant, was higher than that of Burgaltai.

The chlorophyll content was measured 17.2% of the “Burgaltai” variety after the
drought stress without watering for a week. “Gozlu-1" variety decreased by 44.3%,
while “Burgaltai” variety, which was exposed to drought stress for 14 days, decreased by
49.5%. The Gozlu-1 variety decreased by 55.7 percent. Chlorophyll content after stress.
Gozlu-1 variety is better than Burgaltai variety (Figure 10).
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Figure 10. Chlorophyll content of leaves of alfalfa varieties affected by drought stress.
The value of mean + standard deviation of three replications
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When measuring the chlorophyll content of Gozlu-1 alfalfa plants under stress by
applying osmotic solutions of -0.3, -0.6, -0.9 and -1.2 MPa, the Gozlu-1 variety was
reduced by 64-84% from the control variant (Figure 11).
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Figure 11. Chlorophyll content of alfalfa of Gozlu-1 variety subjected to drought stress
by osmotic pressure solution. The value of mean + standard deviation of three replications

Discussion

Drought is one of the natural phenomena that limits plant growth. The alfalfa national
syshoot is well developed and drought tolerant, but long-term drought limits its growth
and development [Safarmejad, 2008]. Compared to the drought tolerance intensity,
morphology and physiology of alfalfa varieties, Gozlu-1 variety is better than Burgaltai
variety in Mongolia. The germination of alfalfa seeds is inversely related to the pressure
of the solution, ie the rate of seed germination decreases with increasing osmotic pressure
of the artificial drought-forming solution [Ghasem et al., 2009].

Morphologically, the shoot length of Gozlu-1 (Medicago sativa L.) was 89 cm
at-0.3 and 0.6 MPa, and 5—6 cm at -0.9 and 1.2 MPa, and Gozlu-1 (Medicago sativa L.)
decreased by 36.8% from control.According to a previous study [Uuganzaya, 2017], the
length of shoot control of drought-stressed alfalfa (Medicago falcata L.) was 45.2%,
Medicago varia Marthz decreased by 60.8% and Medicago varia Martyn decreased
by 64.8%.Compared to the alfalfa species studied by the previous researcher, Gozlu-1
variety is 8.4-28% more drought tolerant than Medicago falcata L., Medicago varia
Marthz, and Medicago varia Martyn (Medicago varia Martyn) [Uuganzaya, 2017].
Determination of seed germination index of alfalfa varieties based on the method of
limiting plant growth and seed germination by increasing the osmotic pressure and
restricting water absorption by artificial drying with high molecular weight compound
of polyethylene glycol 20 000.
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Burgaltai variety by 23.2%, Zhansaya researcher’s study [2019] of Taezhnaya
variety of Russia by 12.5%, Vega 87 varieties decreased by 78.6%, In -0.5 MPa pressure
solution, Taejnaya variety decreased by 88.2% from control Vega 87 did not germinate,
while in -0.6 MPa pressure solution, Gozlu-1 variety decreased by 5.2% from control
and Burgaltai variety decreased by 32.9% from control, Seed germination of Gozlu-1
variety was reduced by 34.3% and Burgaltai variety by 40.2% in -0.9 MPa pressure
solution, Taejnaya variety and Vega 87 variety in -1.0 MPa pressure solution.

However, in -1.2 MPa pressure solution, Gozlu-1 variety decreased by 60.4% from
control and Burgaltai variety decreased by 64.6% from control. This shows that the
germination index of Gozlu variety is 20.1% higher in -0.3 MPa solution than in Burgaltai
variety, 9.4% higher than Taejnaya variety studied by Zhansaya researcher, and 75.5%
higher than Vega 87 variety.

However, in the solution with a pressure of -0.6 MPa, the germination index
of Gozlu-1 variety is 27.7 higher than that of Burgaltai variety, 83% higher than that
of Taezhnaya variety, and 100% higher than that of Vega 87 variety. Seed germination
index of Gozlu-1 variety in -1.2 MPa pressure solution is 4.2% higher than Burgaltai
variety, 100% higher than Taejnaya variety and 100% higher than Vega 87 variety.

Seed germination rates of alfalfa varieties were determined in vitro by a medium
containing 50 mM mannitol solution, which reduced the Turkish Gozlu-1 variety
by 3.3% and the Burgaltai variety by 19.2%, Gozlu-1 variety decreased by 10% from
100 mM, Burgaltai variety decreased by 30.8%, Gozlu-1 variety decreased by 15% from
200 mM, Burgaltai variety decreased by 35%, Gozlu-1 variety decreased by 18.4% from
300 mM , Burgaltai variety decreased by 68.6%, Gozlu-1 variety decreased by 26.7%
from 400 mM, Burgaltai variety decreased by 100%, Gozlu-1 variety decreased by 35%
from 500 mM, and Burgaltai variety decreased by 100% .

This shows that the germination rate of Gozlu-1 variety in medium containing 50 mM
mannitol solution is 15.9% higher than that of Burgaltai variety, 20.8% at 100 mM, 16.6%
at 200 mM, and 50.2% at 300 mM. Germination rates were 47.3% higher at 400 mM and
70% higher at 500 mM than at Burgaltai.

Conclusion

1. To determine the drought tolerance of alfalfa varieties by seed germination
intensity and physiological parameters, Gozlu-1 variety is 23.2-100% more
resistant than Burgaltai variety.

2. Gozlu-1 variety germinated better than Burgaltai variety in terms of drought
tolerance of alfalfa varieties.

3. The chlorophyll content in the leaves of alfalfa plants affected by drought
showed that as the concentration increased, the amount of chlorophyll in the
plant decreased and the morphological changes were stronger than in the
control plants.

4. Gozlu-1 variety is considered to be suitable for semi-irrigated and non-irrigated
conditions due to its early drought tolerance and drought tolerance of Burgaltai
variety according to some morphological parameters.
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Annomayua. JlionepHa SBISIETCS MHOTOJICTHUM KOPMOBBIM PAacTEHHEM C BBICOKOH MHTa-
TEJILHOHM IIEHHOCTBIO, 9 QEKTUBHBIM YpOXKaeM M BBICOKUM coepkanreM Oeinka [Erdenejav,
2015]. 3acyxa sBIsieTCs: OCHOBHBIM DKOJIOTHYECKUM (haKTOPOM, BIMSIOIINM Ha CTaJUH MPO-
pacTaHus ceMsiH pacTeHui. Mcxons u3 aToro, Hallla 3a1a4a — CPaBHUTH 3aCyX0yCTOHUUBOCTh
monepHsbl ['o3ny-1 (Typuus) u Byprantait (MoHronus) ¢ UCIoJIb30BaHUEM MOTUITHIICHTIIN-
KOJISl I MAHHUTA B CPENE in Vitro U ex vitro.

[Tonmy4yeHHBIE pe3yNbTaThl MOKAa3bIBAIOT, UTO BCXOXKECTh copTa [03my-1 B yClnoBUAX 3acyxXu
obu1a Ha 4,4-20,2 % my4ie, uem copt bypranraii. [Ipu cpaBHEeHUN yCTOWYIMBOCTH K UCKYC-
CTBEHHOH 3acyxe 10 HEKOTOPBIM MOPQOIOTHIECKIM IOKa3zaTensM, copT lo3my-1 mokasamn
Ha 8,4% O0MbBIIyI0 YCTOMIMBOCTE, UeM copT bypranTail. UIHTEHCHBHOCTD BOJOTIOTIIONICHHS
copra ['ozny-1 Ha 17,5-28% BbIme, uem copra bypranraid.

Krouesvie cnosa: monepna, Medicago sativa L., 3acyxoycroiamBocTs, copt ['03my-1, copT
Bypranraii.

bnacooapnocmu. ViccnenoBanue NnpoBeJeHO B paMKaX MEXKIYHApOIHOIo IpoekTa «Beipa-
[IMBaHUE )KUBOTHOTO Oellka M MPOHM3BOACTBO KOPMOBY, (puHaHCHpYyeMOro MHUHHCTEPCTBOM
KyJIBTYypbl U Typu3Ma Typiun U KoopanHaMOHHBIM areHTCTBOM ITOCOJIbCTBA MOHIOJNINY B
Typuun (TIKA).
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Cmamws nocmynuna 6 peoaxyuio 25.06.2022; odobpena nocne peyensuposanus 10.09.2022;
npunsma xk nyoauxayuu 19.09.2022.
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