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ABSTRACT

Soybean is a relatively new crop in Kazakhstan, and the development of new competitive cultivars with high productivity
and quality is an important direction in the local breeding program. Previously, one of the major approaches for the develop-
ment of new cultivars was breeding projects based on the evaluation of key morphological traits, including flowering time and
plant height (PH). However, with the development of soybean genetics new molecular tools have emerged, including the de-
velopment of DNA microsatellites, or simple sequence repeats (SSRs). In this study, a collection of hundred accessions grown
in the southeast of Kazakhstan in 2020-2021 was assessed using eight agronomic traits, including plant height (PH), the height
of lowest pod, number of lateral branches, number of fertile nodes, number of seeds per plant, thousand seeds weight, yield per
square meter (YP2), and maturity group. The assessment of field trials showed a wide range of variability in agronomic traits
and suggested that PH is significantly correlated with all studied traits, including YP2. The collection was genotyped using
eight SSRs associated with PH. The results suggested that three SSRs (Satt244, Satt288, and Satt371) were the most polymor-
phic, and five out of eight SSRs were associated with six important agronomic traits, including flowering time, PH, and yield
per square meters. Obtained results can be efficiently used in soybean breeding based on a marker-assisted selection approach.
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INTRODUCTION

Soybean is one of the main legume crops in many coun-
tries around the world. Due to its biochemical composition,
soybean seeds are a major source of both food and animal
feed. Soybean is the only plant that contains a complete pro-
tein. Mature soybean seed contains about 19% oil, 34% pro-
tein (essential and non-essential amino acids), 30% carbo-
hydrates (21% insoluble carbohydrates (fiber), 9% soluble
carbohydrates), 17% moisture, slag, and shell [1]. Therefore,
soybean has a wide range of industrial uses and makes a sub-
stantial contribution to the world economy [2].

According to the World Soybean Production website, as of
February 2021, the global soybean production is 361.00 mil-
lion tons [3]. In Kazakhstan, commercial soybean cultivation
began in 1986, on an area of fewer than 10 hectares [4]. Now
there is a trend towards an annual increase in soybean acre-
age with the expansion of other arable areas in several regions
of the country. According to the Committee on Statistics of
the Republic of Kazakhstan for 2021, the area under oilseeds
in the country amounted to 3.1 mln ha, where 0,2 miln ha of
which are occupied by soybean [5].

In order to improve the yield of soybean, it is import-
ant to study the morphological, genetic, agronomic, and other
traits of cultivars from wide and various collections. There
are many major morphological and productivity traits of soy-
bean, including plant height (PH), the height of lowest pod
(HLP), number of lateral branches (NLB), number of fer-
tile nodes (NFN), number of seeds per plant (NSP), thou-
sand seeds weight (TSW), yield per plant (YP), and maturity
group (MG) [6]. Soybean cultivars are divided into maturity
groups depending on their response to the photoperiod. Today,
there are 13 main groups in the range from MG 000 to MG X,
which include cultivars that ripen in 75-80 days to late-ripen-
ing cultivars with a growing season of more than 200 days [7].

These groupings were based on adaptation at certain latitudes.
Kazakh cultivars of different maturity groups, as well as for-
eign ones, were studied in the conditions of the South-East of
Kazakhstan [8]. Under these conditions, cultivars in the mid-
late and middle season ripening group have the highest yield.

According to LiZ. et al (2018), the plant height is regulated
by the GmDW!1 gene, mapped on Ch.8 [9]. This gene encodes
the ent-kaurene synthase enzyme, involved in the gibberellin’s
biosynthetic pathway in soybean. Mutations in the GmDW 1
gene cause dwarfism genotypes in plants, which are character-
ized by reduced plant height and shortened internodes. The semi-
dwarf cultivars are high-yielding and more resistant to lodging
and convenient for mechanized harvesting [10, 11].

The molecular studies of the genetic diversity of the im-
portant agronomic traits can be helpful in the characterization
of cultivars for different breeding programs. One of the effec-
tive tools for genetic diversity issues is microsatellite molecu-
lar markers associated with the traits. Microsatellite markers
are one of the classes of DNA markers based on the poly-
merase chain reaction. They have several advantages, such as
a high level of polymorphism, and co-dominant inheritance,
they can be easily detected using a polymerase chain reac-
tion (PCR), and information about their localization is usu-
ally known. There are many SSR markers that are shown to
be associated with genes and QTLs (quantitative trait loci) for
plant height and growth type in soybean [12—17 Polymorphic
markers SSR_18 1821, SSR 18 1822, and SSR 18 1825
were effectively used to search for recombinants in the re-
gion closest to the Dt2 gene [12]. Eight microsatellite mark-
ers (Sat_308, Satt153, Satt244, Satt288, Satt309, Satt371,
Satt460, and Satt600) are known to be associated with QTL
for plant height [13—15]. Also, Satt153 was localized on chro-
mosome 10 (linkage group O) as the E2 gene. Recently, it was
discovered that the E2 locus plays an important role in con-
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trolling plant height [16]. Satt244 is located on chromosome
16 (linkage group J) as the GmAP1 gene, which is a MADS-
box transcription factor that determines the flower meristem
and petal and sepal differentiation on chromosome 16 (linkage
group J) [17]. Earlier it was reported that GmAP1 takes part
in metabolic pathways that affected plant height by regulating
the genes related to these pathways: DW1, GA1, GR2, GRS,
GA3ox_13G, and GA200x_14G [17]. Satt309 and Satt288 are
located on the same chromosome 18, as the Dt2 gene, which
controlled stem growth habits in soybean [18]. Types of stem
growth in soybean are regulated by epistatic allele interactions
at the two Dt loci (Dt1 and Dt2) [22]. They are known to have
a significant impact on the final number of main stem nodes.
The Dtl gene is located in the linkage group L (chromosome
19) [23]. It was shown that Dt1, designated as GmTfl1 or GmT-
FL1b, is an orthologue of TERMINAL FLOWERI (TFL1),
a flowering suppressor gene in Arabidopsis thaliana that pre-
dominantly encodes a signaling protein and is expressed in shoot
apical meristems [24]. Previously, it was found that Dt1 has an
epistatic effect on Dt2 [18].

There are several reviews and articles on genetic diver-
sity studies of soybean collections from Kazakhstan and other
countries using SSR and other markers [26-33], including
those associated with photoperiod, flowering time, seed mat-
uration [26], and fungal diseases [27, 28]. While soybean ac-
cessions were studied on susceptibility to fungal diseases and
flowering time in relation to SSR markers [26-33], character-
ization of world collection including Kazakhstan’s commer-
cial cultivars and breeding material by specific markers asso-
ciated with plant height has not been carried out. Thus, the
purpose of this study was the evaluation of the world soybean
collection, including Kazakhstan’s accession, using informa-
tive molecular markers associated with plant height as well
as other important yield-related traits.

MATERIALS AND METHODS

Plant material and field evaluation

The object of this study was the world soybean collection
represented by 100 samples from different origins, including
19 released cultivars and prospective lines from Kazakhstan
[33]. The collection consists of the soybean samples origi-
nated from 5 geographic regions, including Eastern Europe
(n = 56), Western Europe (n = 6), East Asia (n = 3), North
America (n = 16), and Kazakhstan (n = 19). Cv. ‘Zhansaya’
was used as a check cultivar Almaty Region. Field trials were
carried out on the experimental plots of the Kazakh Research
Institute of Agronomy and Plant Industry (KRIAPI) in 2020
and 2021. The soybean collection was grown in two random-
ized replicates on one-meter plots [34]. The field data covered
the following 8 major agronomic traits: plant height (PH),
the height of lowest pod (HLP), number of lateral branches
(NLB), number of fertile nodes (NFN), number of seeds per
plant (NSP), thousand seeds weight (TSW) and yield per
square meter (YP2) and maturity group (MG).

DNA extraction and SSR genotyping

Isolation of total DNA was performed according to Dell-
aporta et al. (1983) [35]. The concentration of total DNA was
determined spectrophotometrically using Nanodrop (USA).
For PCR, the initial DNA was adjusted to a concentration of
50 ng/ul.

Genotyping of soybean collection was performed using
eight SSR markers, linked to QTLs for plant height (www.
soybase.com). The selected eight SSR loci are genetically lo-
cated in the vicinity of mapped QTLs associated with PH
(Fig. 1).

All PCR reactions were performed in a 20 pl volume in
the Veriti® 96-Well Thermal Cycler (Applied Biosystems,
USA). The master mix for SSR amplification included 20 ng
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Figure 1. The location of eight SSR markers associated with previously mapped quantitative trait loci of plant height [36]

The list of SSR markers used for the analysis is presented in Table 1
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of genomic DNA, 1 mM of each dNTP, 1.2 mM MgCI2 in
the 1x Taq Buffer, 2mM of each primer, and 1U Taqg DNA
polymerase. PCR, including preliminary denaturation of total
DNA at 94 °C for 1 min, followed by 30-35 cycles (94 °C —
1 min, 50-60 °C-30-60 sec, 72 °C— 1 min) and elongation
at 72 °C — 7 min.

Table 1. The list of SSR markers used in the study

RESULTS

Phenotypic evaluation

The studied collection consisted of 100 accessions that
were phenotyped for two years (2020 and 2021), in condi-
tions of the southeast region of Kazakhstan (Fig.2.). In this re-

Linkage Forward sequence Reverse sequence .
Marker | Chromosome Motif
Group 5-3 5-3
GCGTTGGCAATTCAGGA-
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Satt288 Gml8 G CATTATAAGAAAACGTGCTAAAGAG (TAA)17
AAACT
Satt309 Gml8 G GCGCCTTCAAATTGGCGTCTT GCGCCTTAAATAAAACCCGAAACT (ATA)13
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Figure 2. Temperature ranges and precipitation amount during the vegetation period at the experimental station of the Kazakh Research
Institute of Agriculture and Plant Industry (KRIAPI, southeast of Kazakhstan) in years 2020 and 2021.

PCR products were detected using 6% polyacrylamide
gels (Amresco, Solon, OH) in 0.5% tris-EDTA-borate buffer
(TBE). Gels were stained by ethidium bromide, and the im-
ages were recorded with a Bio-Rad Image System (Bio-Rad,
Hercules, CA). DNA molecular weight markers (100 bp lad-
der, Fermentas) were used to define allele sizes.

Statistical and population analysis

Statistical analysis of the field data was performed us-
ing SPSS 22.0 (https://www.ibm.com/analytics/data-science/
predictive-analytics/spss-statisticalsoftware) software. Popu-
lation analysis was done using GenAlEx 6.5 (Peakall et al.,
2012) [37], it includes estimates of heterozygosity and genetic
diversity, F-statistics, Nei genetic distance, polymorphism in-
formation content (PIC) index, population distribution, and
relatedness.

gion, in comparison to 2021, the climatic conditions in 2020
were more favorable for plant growth. This happened due to
the 65 mm more amount of precipitation, than in 2021 (Fig.
2), which is presumably impacted on the performance of stud-
ied traits.

Average data of two-year trials revealed that genotypes
from Kazakhstan have the highest PH (68.4 + 21.8 c¢cm) in
the studied collection, at the same time lowest PH showed
genotypes from Eastern Europe (48.5 £ 16.3 ¢cm). In 2020
the highest PH (103, 107, 113 cm) was observed in samples
from Kazakhstan 362/2, Zara, and Rosa, respectively. In 2021
the cultivar Zhalpaksay from Kazakhstan showed the high-
est PH (102.2 cm +2.3), whereas in 2020 it was 80.3 cm +
2.3 (Fig. 3).

For the local genotypes, the two-year average plant height
was 68.4 + 21.8 cm, with means of 80.0 + 16 cm and 57.0 +
21.3 cm in 2020 and 2021, respectively. The standard culti-
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Figure 3. Plant height distribution of 100 soybean accessions.

The red arrow indicates the position of the standard cv.
“Zhansaya”

The green arrow indicates the position of the cv. “Zhalpaksay”

var Zhansaya showed an average PH of 87.2 cm in 2020 and
59.8 cm in 2021 (Fig. 3), and the average PH for this cultivar
over two years was 73.5 + 19 cm.

The assessment of YP suggested that it was 8.0 £ 3.4 g in
2020 and 5.6 £ 3.9 g in 2021. (Fig. 4).
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Figure 4. Diagram of yield per plant distribution in 100 soybean
samples

The arrow indicates the data for the standard cv. Zhansaya

Average data of two years showed, that the most produc-
tive genotypes were from Kazakhstan (8.4 + 3.7 g) and the
less were from Eastern Europe (6 + 2.1 g). The highest YP in
2020 was revealed in the cultivar Dawson from North Amer-
ica (18.4 g) in 2020 and line 350/1 from Kazakhstan (31.8
g) in 2021. The cultivar Zhansaya had an average yield of
11.6 £ 4.5 g for two years of study (7.3 g in 2020 and 159 g
in 2021) (Fig. 4).

Correlation analysis of the studied traits

Pearson correlation based on the average values of two
years of field trials showed that PH had a significant positive
relationship between all the traits (P < 0.05) (Fig. 5).

The YP, as expected, was highly correlated with major
yield components, including NSP, NFN, and PH (Fig. 5). The
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Figure 5. The Pearson correlation analysis of the two-year average
values
The intensity of colors indicates relationship strength according
to the scales given on and bottom side of the plot (the darker color -
the higher significance)
PH was highly significantly correlated with NSP and NFN.
No correlation was found between HLP and traits NLB, NFN,
NSP, and TSW.

Microsatellite analysis of soybean collection

Assessment of the genetic diversity level of SSR loci as-
sociated with plant height

Microsatellite analysis of soybean collection was con-
ducted using eight SSR markers, associated with plant height
(Table 1).

Figure 5 is showing a fragment of the electrophoretic anal-
ysis of SSR of soybean accessions using Satt309. In total, 13
accessions were detected to carry allele Satt309-147 (Fig.
6) that according to Reinprecht Y. et al. (2006) [38] is asso-
ciated with tall PH.
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Figure 6. Electropherogram of PCR products amplified with
primers Satt309
M - DNA molecular weight marker (100 bp ladder, Fermentas),
C - check cultivar Zansaya, 67-75 - soybean cultivars and lines: 67 -
Kalmit, 68 - Sepia, 69 -186/1, 70 - Dawson, 71 - Amphor, 72 - Krasivaya
mechta, 73 - Zara, 74 - Almaty, 75 -Prikorpat’ska 81

In total 37 alleles were identified for eight SSR markers,
with an average number of 3,08 alleles per marker (Table 2).
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Table 2. Mean genetic diversity indexes in 5 soybean origin groups based on 8 SSR markers

Marker Na Nei PIC
Satt244 3,8+1,16 2,59 +0,51 0,51+0,14 0,78
Satt309 224037 1,54+0,18 0,31 +0,09 0,41
Satt371 4,0+0,55 3,11+ 0,46 0,63 + 0,09 0,78
Satt288 5,0 £0,95 2,50 0,31 0,57 + 0,06 0,76
Satt460 2,2+0,37 1,44 £ 0,15 0,27 £ 0,08 0,31
Satt600 2.4+0,40 147 +0,12 0,29 + 0,07 0,37
Sat 308 1,8+0,37 122 40,09 0,16 + 0,07 0,29
Satt153 3,2+0,66 1,99 +£0,32 0,43 +0,12 0,6

Mean 3,08 1,98 0,40 0,54

Na—no. of different alleles; Ne = no. of effective alleles;
Nei — Nei’s diversity index; PIC — polymorphic informa-
tion content

The number of alleles per locus varied from 1,8 (Sat_308)
to 5 (Satt288). At the same time, the number of effective al-
leles varied from 1,22 to 3,11 with an average value of 1,98.
Nei’s genetic diversity index averaged 0,40. The average
value of PIC in the analysis was 0,54, and four SSRs were
above this value. Satt244, Satt288, and Satt371 were the most
informative SSRs with the highest PIC values.

For five origin groups of accessions Nei’s genetic diver-
sity index averaged 0,44 (Table 3). Accessions from Kazakh-
stan had the highest Nei’s index values (0,53).

Table 3. Mean genetic heterozygosity indexes in five studied
soybean groups

Origin .
N Na Ne Nei
groups
Eastern
56 | 4,58+0,51 | 2,59+0,36 | 0,52+£0,07
Europe
Western
6 | 2,58+0,29 | 2,09+0,19 | 0,47 +£0,05
Europe
East Asia 3 1,42+0,15 | 1,32+0,12 | 0,17+ 0,06
North
. 16 | 3,58+045 | 2,49+0,33 | 0,52+0,06
America
Kazakhstan | 19 | 3,83+0,42 | 2,46+0,26 | 0,53 £0,06
Mean 3,20£0,22 | 2,19+0,13 | 0,44 +0,03

Note: N—number of samples; Na— number of different
alleles; Ne = number of effective alleles; He — expected het-
erozygosity index

Principal coordinate analysis of 100 soybean samples
based on 8 SSR markers associated with plant height

The PCoA analysis based on Nei’s data showed that Co-
ordinate 1 separated genotypes of Kazakhstan from the re-
maining four groups. The samples from Eastern and Western

Europe were further clustered separately from the samples of
East Asia and North America using the Coordinate 2 (Fig. 7).

Principal Coordinates (PCoA, 77.3%)

¢ East Asia

| Kazakhstan
¢ North America .

PCoA2 (34.5%)

5 Eastern Europe

.Western Europe

PCoA1 (42.8%)

Figure 7. Principal Coordinate Analysis of five soybean groups
based on eight SSR markers associated with plant height

The samples from Western Europe and Eastern Europe ap-
peared to be the closest groups, while the samples from East
Asia and Kazakhstan were genetically more distant from the
other three groups.

4. Association of SSR and agronomic traits using t-test

The results of genotyping 100 soybean accessions using
eight SSRs analyzed using average values in six agronomic
traits. All 100 accessions were grouped according to the al-
lele status for each trait, and averages in all groups were ana-
lyzed using the t-test within each trait (Table 4).

Table 4. The results of the t-test with average data of main
agronomic traits and effective alleles of eight SSR markers

Trait |Satt244|Satt309|Satt371|Satt288|Satt460|Satt600|Sat_308| Satt153
MG | *** Hok ok Heoksk
PH | *** Hok *ok

NFN *k *

NSP * sk *

TSW ok

Notes: *** —P<0.001, ** —P<0.01, * — P<0.05. Mor-
phological characters: maturity group (MQ), plant height
(PH), number of lateral branches (NLB), number of fertile
nodes (NFN), yield components: number of seeds per plant
(NSP), thousand seeds weight (TSW) and yield per plot (YP2)

The assessment of the results using the t-test suggested
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that Satt244 was the only marker significantly associated with
YP (Table 3). Satt244 was also significantly associated with
MG and PH, confirming the importance of this SSR for the
evaluation of agronomic traits. Interestingly, four SSRs were
statistically related to the MG (Table 3). Along with Satt244,
Satt288, and Satt371 were related to the performance of the
PH, as the two last SSRs were additionally associated with
NFN and NSP. Finally, Satt288 was also related to the perfor-
mance of the TSW. In this study, it was found that Sat 308,
Satt309, and Satt600 had no relationships with all studied
traits.

DISCUSSION

The assessment of the five groups of soybean from differ-
ent regions of the world showed that the averages of the PH
ranged from accessions in Eastern Europe (48.5 + 16.3 cm)
to accessions in Kazakhstan (68.4 + 21.8 cm). Apparently, the
breeding activities in Kazakhstan are associated with the se-
lection of tall plants [39]. For instance, the standard cultivar
Zhansaya in the previous report showed variability from 77.1
cm (2018) to 99.6 cm (2017) [40]. In this study, the Zhan-
saya showed the average PH as 87.2 cm in 2020 and 59.8 cm
in 2021, suggesting that the year 2021 was more stressful for
the soybean. The PH data was coherent with YP performance,
as the average YP for the entire collection was 8 + 3.4 g in
2020 and 5.6 + 3.9 g in 2021. According to a previous study,
the optimal PH in the southeast of Kazakhstan was (95-105
cm) [41]. In 2020, seven cultivars, Dawson, Podyarka, Sepia,
362/2, Zara, Rose, Misula, were in this range. In 2021, only
one cultivar (Zhalpaksay) fitted this range (Fig. 3). The cor-
relation analysis confirmed that YP was positively correlated
with the PH (P<0.001, Fig. 5), confirming the importance of
the PH the soybean production. The assessment of the YP in
five groups expectedly showed that the genotypes from Ka-
zakhstan were the most productive (8.4 + 3.7 g), while the
genotypes from Eastern Europe showed the lowest YP (6 +
2.1 g) among the studied groups.

The application of eight SSR markers associated with PH
indicated their high polymorphism level, as the PIC average
value for all SSRs was 0.54. The polymorphism level of three
SSRs (Satt244, Satt288, and Satt371) was particularly high in
the studied collection, suggesting the superior importance of
these markers in PH assessment for genetic structure analysis
and marker-assisted selection. The application of Nei’s hetero-
zygosity index showed that the genetic diversity of accessions
from Kazakhstan was high (0.53) and comparable with the
variation in samples from Eastern Europe and North Amer-
ica (0.52; Table 3). The PCoA analysis showed that Coordi-
nate | is clearly distinguished from four other groups (42.8%),
and Coordinate 2 further separated Western and Eastern Eu-
rope from Eastern Asia and North America (Fig. 7). Interest-
ingly, the closest group of samples to soybean bred in Ka-
zakhstan was a group of accessions from Northern America.
However, it is easily can be explained by the fact that many
USA commercial cultivars were used in the breeding activi-
ties of Kazakhstan. This fact can be confirmed by the analy-
sis of the list of local commercial cultivars that includes such
cultivars as Misula, Kazakhstanskaya 2309, Zhalpaksai. Nev-
ertheless, the plot in Fig. 6 indicated that the soybean sam-
ples from Kazakhstan were genetically distant from the other
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studied groups.

The association of eight SSR markers with seven agro-
nomic traits was evaluated using a two-tailed t-test (Table 3).
The conducted analysis showed that five out of eight mark-
ers were statistically significant with at least one of the ana-
lyzed agronomic traits. Particularly, the results showed that
four SSRs were associated with the MG, three SSRs with PH
and NSP, and two SSRs with NFN (Table 3). Notably, the
Satt224 (one of the two most polymorphic SSRs) was associ-
ated not only with PH and MG but also with YP2 (p<0.001).
Another highly polymorphic marker Satt288 was associated
not only with PH, NFN, and NSP but also with TSW (p<0.01).
Hence, obtained results from the study of eight SSRs associ-
ated with the PH and other important agronomic traits can be
efficiently used in the discrimination of soybean accessions
and can be useful in local breeding projects.

CONCLUSIONS

The collection of 100 soybean accessions with different
geographic origins was analyzed using eight major agronomic
traits, including MG, PH, HLP, NLP, NFN, NSP, TSW, and
YP2, in conditions southeast Kazakhstan. The correlation in-
dices indicated that PH is significantly positively correlated
with the remaining seven traits, including YP2 (P<0.001). Ad-
ditionally, the collection was genotyped using eight SSRs as-
sociated with PH. It was determined that three of those mi-
crosatellites were highly polymorphic (Satt244, Satt288, and
Satt371) and informative in sample discrimination. Also, the
application of the t-test suggested that five out of eight stud-
ied SSRs were related to six different traits. Particularly, it was
shown that Satt224 was highly significantly associated with
both PH and YP2. It was concluded that five out of eight stud-
ied SSRs were not only helpful in sample discrimination but
also in breeding via the marker-assisted selection approach.
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ABCTPAKT

Cos sIBIISIETCSI OTHOCUTEIBHO HOBOM KynbTypoil B Kazaxcrane, 1 co3iaHie HOBBIX KOHKYPEHTOCIOCOOHBIX COPTOB C BbI-
COKOM MPOTYKTUBHOCTBIO M KaY€CTBOM SIBIIAETCS BaYKHBIM HAIPABICHUEM MECTHON celeKInu. PaHee OMHIUM M3 OCHOBHBIX
MO/IXOZIOB K CO3/IaHHIO HOBBIX COPTOB OBLIN CENIEKIIMOHHBIE METO/Ibl, OCHOBAHHBIC HA OLIEHKE KIIFOYEBBIX MOP(OIOTHUECKIX
MIPU3HAKOB, BKJIIOYAst BpeMs I[BETeHUS U BeIcoTy pacTeHuil (PH). OxHako ¢ pa3BUTHEM IeHETHYECKUX UCCICAOBAaHUNA COH T10-
SIBUJIMCh HOBBIE MOJICKYJISIPHbIE HHCTPYMEHTBI, B TOM 4HcIIe pa3padorka mukpocareiutoB JJHK wiu npocTteix moBropsiro-
muxcs nocaenosatensHocTed (SSR). B nanHOM MCcne1oBaHNM KOJUIEKINIO U3 CTa 00Pa3lioB, BHIPAIIEHHBIX HA FOTO-BOCTOKE
Kazaxcrana B 2020-2021 rr., oLileHHBAJIH 10 BOCBMH arpOHOMHYECKNM MpHU3HAKaM, BKIIo4as BeicoTy pactenus (PH), Beicoty
NPUKPEIUICHHsT HU)KHEro 600a, KOIMuecTBO OOKOBBIX BETBEH, KOJIMUECTBO NPOAYKTHBHBIX Y3JI0B, KOJHMYECTBO 0000B ¢ pac-
TEHHsI, Macca THIC. CEMSH, YPOKaHOCTh ¢ kBajgpaTHOro merpa (YP2), rpynmna cnenoctu. OmeHKa MoJeBBIX UCIBITaHUIT TO-
Kazaja IMUPOKUH AMana30H U3MEHYMBOCTH arpOHOMUYECKHX MPU3HAKOB M IMTO3BOJIMNIA MPEANOIOKNTE, uTo PH noctoBepHo
KOppeNupyeT CO BCEMHU M3ydaeMbIMU MpHU3HaKaMu, BKiItodas Y P2. Komrekunio reHOTHIHPOBAIIN ¢ HCIOIb30BaHHEM BOCHMHU
SSR, accomuupoBanubix ¢ PH. Pesynasrarer mokasanu, uro Tpu SSR (Satt244, Satt288 u Satt371) Obutn HarboJIee MOTUMOP-
(bHbIMH, a TIATh U3 BOCbMH SSR ObLIM CBSI3aHbI C HIECTHIO BAYKHBIMU arpOHOMHUYECKUMHU TPU3HAKAMHU, BKIIIOYAsi BpeMsl 11Be-
tenusi, PH u YP2. [TonyueHnslie pe3yabrarbl MOTYT ObITh 3()()EKTHBHO MCIOJIB30BaHbI B CEJICKIIMU COM Ha OCHOBE MapKep-
OPUEHTHUPOBAHHOTO MOAXO/A.

KuroueBble cjIoBa: cosi, BBICOTA PacTEHUs, arpOHOMHUYECKUE MPU3HAKH, YPOXKAHMHOCTb, SSR Mapkepsl, Koppemsius, re-
HETHYECKOoe pa3zHooOpasue.

OCIMJIIK BUIKTITIMEH BAMJAHBICTBI MUKPOCATEJJIMTTI THK-MAPKEPJIEPIHIH HE-
I'BIHAE COA KOJJIEKINACBIHBIH TEHETUKAJIBIK AJTYAHTYPJILJIITT
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TYHUIH

Cos KazakcTanma cambpICTBIPMaiIbl TYP/E JKaHa TaKbIT OOJBIT TaOBLTAIBI )KOHE OHIMILTITI MEH Cartackl JKOFaphl Oacekere
KaOlIeTTi ’kKaHa COPTTAP/IBI TaMBITY JKEPTUTIKTI CeIeKIUIHBIH MAaHBI3IBI OaFbITTapBIHEIH 0ipi. OCBIFaH JeifiH jkaHa COPTTapIbl
IIBIFAPYIBIH HETI3T1 TocunaepiHiy 6ipi MOphOTOTHIIBIK Oenriiepre, OHBIH ITHIE TYIIEHY YaKbITHI MCH OCIMIIK OMIKTIriH
(PH) Garanayra HeTi3OeNTeH CEIeKIHs dMicTepi O0nmbl. JlereHMeH, COSHBIH TeHETHKAIBIK 3ePTTEYIICPiHiH TaMybIMEH KaHa
MOJIEKYIAJIBIK Kypanaap maima 6ommel, conslH immiane JJHK MukpocatemmuTTepiHig HeMece KapamnaifbiM KaiiTaJaHaThIH Ti3-
oexrepaid (SSR) namysr. by seprreyne 2020-2021 sxprmapsl KasakcTaHHBIH OHTYCTIK-IIBIFBICHIH/IA OCIPITITEH KY3 YIATiACH
TYpaTBIH KOJUICKIIHS CETi3 arpoTeXHUKAIBIK Oenryepi OoWbIHIIA OaFraimaH/Ibl, OHBIH imriHae eciMaik ouikriri (PH), Temenri
Oypurik OexiHy OMIKTITi, OYHipmik OyTaKkTap caHbl, OHIMII TYHIHAEP CaHBI, OCIMIIIKTETi OYpIITaK CaHbl, MBIH JI0H CaJIMaFkbl, Oip
[IapIIBI METPACH aNbIHATHH oHiM (YP2), micy ToOsI. J{anaibIK ChHAKTappI OaFanay arpOHOMUSUTBIK OSNTiIep/IiH KeH ayKbIMIBI
©3TeprimTirin kepcerTi skoHe PH Oapibik 3epTTenren OenrinepMeH, COHBIH imiHae YP2-MeH alTapibIKTail KOppesIusTHbIH
Oap exenairin. Kommekmus PH 6enricimen 6aiimanbickan ceriz SSR kemerimen renorunrenai. Hotmkenep ymr SSR (Satt244,
Satt288 xone Satt371) mommMopTEUTBIFEI JKOFApPEI xKoHE ceri3 SSR-1mbeH Oeceyi rynaey yakeiTel, PH xone YP2 cHAKTBI anTb
MaHBI3/IbI arPOTEXHUKAIBIK OCNTiIepMeH OaiIaHBICTHI eKSHITIH KOPCETTi. AJBIHFaH HOTIDKEIEPAl MapKep-0aFbITTalIFaH TOCIT
HETi3iH/Ie COSHBI ocipyae THIMIII maiaanaHyFa Oorasl.

Tyitinai ce3aep: cost, ecimMaik OMIKTITi, arPOHOMUKAIBIK Oenrinepi, eHIMAIIIK, SSR Mapkepriep, Koppemsnus, TeHeTHKa-
JIBIK QTyaHTYPIILTIK.
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