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COMPARATIVE EVALUATION OF DROUGHTABILITY
OF VARIETIES OF LENTILES

Abstract. Article results in laboratory experiments to determine the relative drought variety samples method
lentil seed germination in the sand in a solution of PEG -10%, 15%. Data on drought tolerance are given. Analysis of
lentil samples under conditions of osmotic stress (PEG 10% and PEG 15%) revealed highly dry-resistant samples:
K-6, 39113 (Russia).

Keywords: lentils, variety samples, germination, drought resistance, osmotic stress.

Introduction. Lentils are among the most valuable food leguminous crops grown mainly for grain,
which is more than a third of protein. Lentil protein contains essential amino acids for the body. Lentil
dishes serve for us as suppliers of essential vitamins and minerals that are completely absorbed by the
human body. On the content of iron, for example, it has no equal. Lentil has another very valuable pro-
perty; it does not accumulate in itself any harmful or toxic elements (nitrates, radionuclide’s, etc.). Due to
this, lentils grown anywhere in the world can be considered an environmentally friendly product [1].

In Kazakhstan, lentils are sown on the territory of the order of 331,566.5 thousand hectares, mostly
these plots are located in the north of the republic and are grown in non-irrigated conditions.

In recent years the numbers of dry years are increasing due to the sharp warming on the planet.
Drought is a rather frequent phenomenon that disrupts the normal course of physiological and bioche-
mical processes in plants and leads to a decrease in their productivity [6].

Based on the physiological characteristics of plants, the selection of a number of leguminous crops,
among other areas, justifies the feasibility of creating genotypes with high intensity of growth processes in
the early stages of development to isolate drought-resistant genotypes [3]. Studies conducted on peas have
shown that within the optimal length of the stem for a specific soil-climatic zone, genotypes that differ in
faster germinal root growth rates have advantages in crop formation [4]. This provides favorable starting
conditions for the development of plants, contributing to the good rooting of seedlings, an increase in the
absorbing surface of the root system, as well as drought tolerance [5]. Currently, there are many physio-
logical methods for assessing the drought tolerance of field crops. The simplest, indirect methods for mass
estimation of relative drought tolerance are based on the determination of seed germination and the
growth of seedlings in osmotic solutions imitating moisture. The ability of seeds to germinate under these
conditions reflects, on the one hand, the hereditary characteristic of germination with relatively less water,
on the other, the presence of a high suction force, which ensures the rapid absorption of the requireda-
mount of water [8]. The high sucking power of the seeds causes not only better germination with a lack of
moisture, but also the formation of a more powerful root system (primitive), which is important for the
further life of the plants, especially during drought, i.e. properties of the seedling to a large extent affect
the formation of drought tolerance in an adult plant [2]. In this regard, it is necessary to select the adaptive
and most drought-resistant variety samples.
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Methods. The objects of research were 31 collection samples of lentils from different countries. The
laboratory studies on the assessment of the drought resistance of lentil plants were carried out in the
laboratory "Analysis of grain quality” LLP "Kazakh Research Institute of Agriculture and Crop Pro-
duction". Drought tolerance relative lentil accessions were evaluated in the early stages of plant growth by
seed germination in the sand in 3 cases (PEG-10%, PEG-15%,control isdistilled water) to 3-fold repli-
cates. The seeds were germinated in a thermostat, at a temperature of +20 ° C in the dark. Seed germi-
nation was taken into account on day 7. It was dried in a drying cabinet at a temperature of +130° C,
40 minutes. According to the methodological guide All-Russian Institute of Plant Industry 1988
Udovenko G.V. [2], solutions with different concentrations of PEG 6000 were prepared according to the
method of Michel B. E., KaufmannM. R. [7].

The percentage of germinated seeds (P) is determined as follows:

The number of seeds germinated in the control is taken as 100%, the average number of seeds
germinated in an osmotic stress medium (PEG 15% and PEG 10%) (a)is expressed as a percentage of the
number of seeds germinated in the control (b) thus formula 1:

P=%*100%. (1)

The higher the percentage of seed germination in the PEG nutrient medium is 15%, the more
drought-resistant the sample.

To determine depression of growth processes (Index of tolerance), the average dry weight of the
seedlings in the control is taken as 100% (x), the average dry weight in the osmotic stress medium (PEG
10% and PEG 15%) (y) is determined in percent of dry weight by seedlings with increased osmotic
pressure (z) is determined by the formula 2:

Z =100 — y/x = 100 . ©)

In more drought tolerance, the accumulation of seedlings of biomass is inhibited to a lesser extent.

Results. In determining the germination of various levels of osmotic stress of lentils, no significant
differences were found. To characterize the drought tolerance of plants, these lengths and numbers of
germinal roots were used, since the ability to form a powerful primary root system plays an important role
in drought conditions.

The lack of water caused by various concentrations of PEG led to a decrease in stem height, root
length and seedling mass, for different lentil samples (figure).

Seedlings on day 7: a — control, b — PEG-10%, ¢ — PEG -15%

In control, stem height and root length was longer than sprouts in an osmotic stress environment.

— 5 ——
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Table 1 — Characteristics of drought resistance at stem height and germ-length roots

Sample Stemheight, cm Germ length, cm
hame Control PEG 10% PEG 15% Control PEG 10% PEG 15%
4605 10 4.1 3.5 42 3.4 2.8
K-184 10 6.2 4. 4.5 3.6 25
LC046000246L 10 43 3.2 4.5 3.7 23
39113 9.9 4.9 3.1 3.9 33 2.4
LC04600023L 9.6 43 3.5 4.1 2.8 2.8
K-2849 9.5 4.6 34 4.8 3.7 2.9
LC04600017L 9.4 4.4 4.1 3.8 3.8 32
LC04600068L 9.2 3.9 3.2 3.3 3 29
23108 9.2 49 3.8 43 32 29
Vekhovskaya 9.1 3.9 2.7 5.1 3.7 32
LC046000213L 9.1 43 3.5 3.7 3.3 3
23208 8.9 4.8 3.3 43 33 1.9
39126 8,8 4.1 3.3 3.9 3.5 33
K-1975 8.7 4.7 3.7 3.5 2.8 2.5
LC046000103L 8.7 4.5 2.8 4.9 3.6 33
23209 8.7 39 3.2 3.3 33 32
LC046000270L 8.6 5.5 4.1 4.4 42 34
K-2017 8.5 5.2 3.6 3.7 3.1 1.9
39119 8.5 3.6 3.5 3.9 3.4 3.1
23202 8.4 42 3.3 3.8 3.5 23
LC046000150L 8.4 3.8 3.3 3.3 3.5 3
31215 8.2 4.4 4. 3.5 32 2.9
LC046000156L 8.2 4.1 2.4 3.5 3.1 2.7
39203 8.1 4.6 42 3.5 29 29
LC046000223L 8.1 4.1 4.1 3.4 35 3.4
LC04600010L 7.9 4.5 3.7 3.5 33 3
K-6 7.9 7.5 4.1 5.9 29 2.5
LC046000170L 7.8 3.8 3.3 3.1 3.1 2.7
LC046000202L 7.7 4.1 3.1 3.97 2.4 2.4
39227 7 3 2.6 2.7 2.6 2.4
39229 7.1 4.3 33 34 2.8 2.2

The height of the stem under the conditions of osmotic PEG-10% allocated breeding numbers
(7.5-5.2 em): K-184, LC046000270L, K-2017, K-6, with PEG-15% stood out (4.2-4 cm): K-184,
LC04600017L, LC046000270L, 31215, 39203, LC046000223L, K-6.

The length of the root in the osmotic medium PEG-10% stood out (4.2-3.5 c¢cm): LC046000270L,
when PEG-15% stood out (3.4-3.1 cm): 39126, LC046000103L, LC046000270L, LC046000223L sorrow
samples.
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Table 2 —Evaluation of drought tolerance by green and dry weight of lentil seedlings

Sample Green mass, g Dry weight, g
name Control PEG 10% PEG 15% Control PEG 10% PEG 15%
4605 5.8 2 1.9 1.2 0.8 0.5
K-184 1.5 1.4 1.2 0.3 0.4 0.4
LC046000246L 2.5 2 1.5 0.7 0.7 0.5
39113 2.3 1.6 1.6 1. 0.5 0.4
LC04600023L 1.8 1.6 1.6 0.7 0.6 0.4
K-2849 2.6 2.1 1.6 0.8 0.6 0.6
LC04600017L 1.7 1.5 1,3 0.6 0.5 0.3
LC04600068L 2.3 1.6 1.4 0.7 0.6 0.6
23108 1.2 1. 0.9 0.3 0.5 0.4
Vekhovskaya 4.8 1.79 1.2 1.2 0.7 0.5
LC046000213L 2.7 2.1 1,3 0.9 0.7 0.5
23208 1.87 1.5 1.8 0.5 0.5 0.6
39126 1.7 1.6 1.1 0.6 0.5 0.4
K-1975 1,3 1.29 1.2 0.6 0.2 0.4
LC046000103L 1.97 1.6 1.6 0.8 0.7 0.4
23209 2.1 1.9 1.9 0.9 0.9 0.5
LC046000270L 2.1 1.5 1.6 0.9 0.6 0.5
K-2017 2.8 22 1.7 0.6 0.4 0.3
39119 1.8 1.7 1.5 0.8 0.5 0.5
23202 24 1,3 1.9 0.7 0.6 0.6
LC046000150L 1.7 1.5 1.4 0.6 0.6 0.5
31215 1.6 1.5 1.2 0.6 0.5 0.3
LC046000156L 3.7 2.3 1.7 0.7 0.6 0.45
39203 1.4 0.9 0.9 0.5 0.4 0.2
LC046000223L 1.7 1.7 1.6 0.6 0.6 0.5
LC04600010L 1.7 1.5 1.5 0.8 0.6 0.5
K-6 59 53 2.1 1.1 0.3 0.3
LC046000170L 4. 2.54 2.1 0.9 0.6 0.9
LC046000202L 1.8 1.7 1.56 0.9 0.6 0.4
39227 7,6 39 1.4 0.5 0.6 0.6
39229 4.01 2.8 1.4 0.4 0.4 0.3

According to the green mass in the osmotic medium PEG 10% stood out (0.9-5.3 g): K-6,
LC046000170L, 39227, with PEG-15% (0.9-2.1 g): K-6, LC046000170L variety samples.

By dry mass, promising in an osmotic medium is 10% PEG-¢e (0.4-1.2 g): K-6, LC046000170L, with
PEG-15% (0.3-0.9 g): K-6, LC046000170L variety samples.

In more drought-resistant varieties, the accumulation of seedlings of biomass is inhibited to a lesser
extent.

— 54 ——
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Table 3 — Analysis of the resistance index of lentil samples with osmotic stress PEG-10%

Name Origin Sustainability Index %
of variety samples PEG 10%
Resistant variety samples
K-6 Russia 72.7
K-1975 Canada 66.7
39113 Russia 50
Medium StableSamples
Vekhovskaya Russia 41.7
39119 Russia 37.5
4605 Russia 333
K-2017 Canada 333
LC046000202L Syria 333
LC046000270L Syria 333
K-2849 Russia 25
LC04600010L Syria 25
LC046000213L Syria 22.2
39203 Russia 20
39126 Russia 16.7
LC04600017L Syria 16.7
31215 Russia 16.7
LC04600023L Syria 14.3
23202 Russia 143
LC04600068L Syria 143
LC046000156L Syria 14.3
LC046000103L Syria 12.5
Sensitive variety samples
23208 Russia 0
LC046000246L Syria 0
LC046000223L Syria 0
LC046000150L Syria 0
23209 Russia 0
39229 Russia 0
39227 Russia -20
K-184 Russia -33,3
23108 Russia -66,7

The results showed that osmotic stress has a significant impact on early vegetative developmental
stages; the effect depended on the degree of stress. By definition, depression of growth processes with an
osmotic stress concentration of PEG of 10%, according to the tolerance index, was divided into 3 groups:

Resistant variety samples are K-6, K-1975, 39113. Mediumly resistant variety samples are
Vekhovskaya, 39119, LC046000170L, 4605, K-2017, LC046000202L, LC046000270L, K-2849,
LC04600010L, LC046000213L, 39203, by the index, by the text, by the text, by the text; 23202,
LC04600068L, LC046000156L, LC046000103L. Sensitive is 23208, LC046000246L, LC046000223L,
LC046000150L, 23209, 39229, 39227, K-184, 23108 are variety samples.
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Table 4 — Analysis of the stability index of lentil samples with osmotic stress PEG-15%

Name Origin Sustainability Index %
of variety samples PEG 15%
Resistant variety samples
K-6 Russia 72.7
39113 Russia 60
39203 Russia 60
4605 Russia 58.3
Vekhovskaya Russia 58
LC046000202L Syria 55.5
K-2017 Canada 50
LC046000103L Syria 50
LC04600017L Syria 50
31215 Russia 50
Medium StableSamples
LC046000213L Syria 44.4
LC046000270L Syria 44.4
23209 Russia 44.4
LC04600023L Syria 42,8
LC04600010L Syria 37.5
39119 Russia 37.5
LC046000156L Syria 35.7
K-1975 Canada 333
39126 Russia 333
LC046000246L Syria 28.6
K-2849 Russia 25
23202 Russia 143
LC04600068L Syria 143
39229 Russia 25
LC046000150L Syria 16,7
LC046000223L Syria 16.7
23202 Russia 14.3
LC04600068L Syria 14.3
Sensitive variety samples
LC046000170L Syria 0
23208 Russia -20
39227 Russia -20
K-184 Russia -33,3
23108 Russia -33.3

According to the definition of depression, growth processes with an osmotic stress concentration of
PEG of 15% were divided into 3 groups:

Sustainable variety samples are K-6, 39113, 39203, 4605, Vekhovskaya, LC046000202L, K-2017,
LC046000103L, LC04600017L, 31215. Mediumly resistant variety samples areLC046000213L,
LC046000270L, 23209, LC04600023L, LC04600010L, 39119, LC046000156L, K-1975, 39126,
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LC046000246L, K-2849, 39229, LC046000150L, LC046000223L, 23202, LC04600068L. Sensitive is
LC046000170L, 23208, 39227, K-184, 23108 are variety samples.

Conclusion. The results showed that osmotic stress has a significant impact on early vegetative
developmental stages; the effect depended on the degree of stress.

Analysis of lentil variety samples under osmotic stress conditions (PEG 10% and PEG 15%) revealed
highly drought-resistant variety samples: K-6, 39113.

These samples will be used as a starting material for breeding work on drought tolerance.

A. K. CaiikenoBa"?, T. H. Hypracenos', M. C. KynaiiGeprenos’,
C.B. I[w:mpemcoz, B. P. Caiikenos’

'Kazak VITTBHIK arpapiiblK yHUBepcuTeT, Anmarsl, Kazakcras,
?Kasak eriHImimiK %oHe eCiMAIIK IapyalIbUTbiFbl FUTBIMHE 3ePTTEY HHCTHTYThI, AJIMaTh 06bICH, Kasakcran

KACBIMBIK COPTYJITUVIEPIH KY¥YPFAKIIBIJIBIKKA
TO3IMALIITTH CAJIBICTBIPMAJIBI BAFAJIAY

AHHOTanusl. Makaiazia )KacbIMBIK COPTYJITUIEpiH KYPFaKIIbUIBIKKA Te3iMALTIriH Kymaa [191-10%, 15% epi-
TIHALIEpIMEH 3ePTXaHABIK TOXKIPHOE apKbUIbl aHBIKTaY. KypFaKIIbUIbIKKA KaTBICTHI AepekTep KenTipiireH. OcMoTu-
kanbIK crpecc (TIOI" 10% xone TIOT" 15%) Tanmaysl OOMBIHILIA JKACBIMBIK COPTYJITUIEPIHEH KYPFAKIIBUIBIKKA ©TE
Te3iMai yirinepi ansikranasl: K-6, 39113 (Peceit).

Tyiiin ce3mep: )KacbIMbIK, COPTYJITLIEP], OHTIITIK,KYPFAKIIBIIBIKKA TO3IM/ILIIK, OCMOTHKAJIBIK CTPECC.

A. K. Caiikenosa'’, T. H. HypraceHOBI, M. C. Kynaﬁﬁepreﬂonz,
C.B. Ilmlopemcoz, B. P. CaiikeHoB'

'Kasaxckuii HaLMOHABHBIH arpapHsIil yHHBepcuTet, Anvarsl, Kasaxcra,
2Kaszaxckuii HAYYHO-HCCIIEIOBATENbCKAN HHCTUTYT 3eMJICIENNS U PAaCTEHUEBOCTBA, ATMAaTHHCKAs 00JIacTh,
Kazaxcran

CPABHUTEJIBHAS OIIEHKA 3ACYXOYCTOMYUBOCTH
COPTOOBPA3LIOB YEYEBHUIIbI

AHHoTanusi. B crarbe npuBeneHbl pe3yibTaThl J1A0OPATOPHBIX ONBITOB MO ONPENENICHUI0 OTHOCUTEIBHON
3aCyX0YCTOHYMBOCTH COPTOOOPA3LOB YEUEBHIIBI METOAOM IIPOpPAIIMBaHUs CeMsH Ha mnecke B pactsope [10I - 10%,
15%. IlpuBoasTCS JTaHHBIE 110 3aCYyXO0YCTONYMBOCTH. AHAIIM3 COPTOOOPA3IIOB YEUEBHIIBI B YCIOBUSIX OCMOTHYECKOTO
ctpecca (I19I" 10% u I1OT" 15%) BeIsIBHI BBICOKO3acyXoycTolunBbIe copToodpasipl: K-6, 39113 (Poccus).

Ki1roueBble c10Ba: YeueBHIa, COPTOOOPA3IIBI, BCXOXKECTh, 3aCyX0yCTOHINBOCTh, OCMOTHYECKHUI CTpecc.
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