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Abstract
Multivariate analysis of variance of quantitative and morpho-biological
traits of 155 samples of barley (Hordeum vulgare L.) of different ecological and
geographical origin made it possible to identify the most adaptively valuable traits,
which include the germination rate under saline conditions, the total weight of 14day-old seedlings, the number and length of seminal roots. Of the production traits,
the number of grains per ear, grain weight per ear and protein content in
combination with early maturity are significant. Statistical analysis of the data has
shown that the studied variety samples according to the “number of grains per ear”
and “grain weight per ear” traits demonstrate a consistently high positive
correlation relationship, regardless of the years of study and their cultivation areas.
In this regard, the “number of grains per ear” trait can be used as the main factor in
increasing crop yields in adverse ecosystems of the Aral Sea region of Kazakhstan.
Keywords: adaptability parameters, barley, correlation, variability,
selection.
Introduction
Knowledge
of
the
implementation feature of the genetic
potential of plants, depending on
environmental conditions, is essential
in controlling the volume and quality
of the yield of cultivated plants.
Genetic improvement of crop yields
under potential (Yp) and water scarce
conditions (Yw) will be an important
avenue to improved food security
over the next four decades, at the end
of which projected demand for food,

feed and biofuel feedstock is expected
to level out [1]. There are several
routes to improve potential and water
scarce conditions and a number of
candidate traits and genes are
available.
Here
we
identify
photosynthetic capacity and root
system function as two which we
believe offers most promise in the
future. A major consideration is that
most of the important traits are
genetically complex creating an added

challenge. In addition, there prevails
models to specific recommendations
an unrealistic view of the time taken
that the plant breeder and agronomist
to incorporate new traits into varieties
will be able to use in their practical
for farmers. In the case histories we
activities [4].
For example in
considered of successful examples of
research by scientist Ramazan
trait integration into breeding the
Ayranci [5]
yield and yield
timescale from initial research to the
components of 24 winter bread wheat
release of new cultivars to farmers or
cultivars selected according to
to
proof-of-concept
in
elite
registration years were examined and
germplasm was around 20 years [2].
genetic progress was evaluated for
Changes in crop productivity are
these properties by regression analysis
difficult to predict but can be explored
method. He found that the annual
by scenarios that represent alternative
increase in yield of varieties with
economic
and
environmental
genetic progress was 1029 kg da-1.
pathways of future development.
Plant breeders and geneticists as well
Ewerta et al [3] developed a simple
as statisticians have developed long
static approach to estimate future
standing interest in investigating and
changes in the productivity of food
integrating
genotype
(G)
and
crops in Europe as part of a larger
genotype-by- environment (GE) in
approach of land use change
selecting superior genotypes in crop
assessment for four scenarios of the
performance trials [7]. It also points
IPCC Special Report on Emission
out that, using the traditional variation
Scenarios
(SRES)
representing
analysis model (ANOVA) or the
alternative future developments of the
General linear model (GLM), which
world that may be global or regional,
provides correct analysis only if all
economic or environmental.
effects are fixed. Ignoring or
It is evident that in each of the
mishandling random effects can
areas of research directly or indirectly
inadvertently lead to inadequate
related to this task, one can
analysis and, consequently, to
distinguish different levels of
questionable conclusions appearing in
achievements: from hypotheses and
the
scientific
literature
.
Literature review
In the breeding process, to characterize certain properties of the studied
variety
or group of varieties, as a rule,
firstly, to single out from the whole
many different traits of plant are
variety of parameters under study the
considered on the basis of the
most significant ones and, secondly,
researcher’s intuition, their practical
to combine some of them into groups
experience, and, at the very best,
that have a common internal essence,
logical analysis. Moreover, often,
i.e., to express the studied parameters
some of the traits turns out to be
in terms of externally hidden factors.
unnecessary, because it does not
The value of factor analysis also lies
contain meaningful information or is
in the fact that it does not require
very variable. Factor analysis allows,
preliminary hypotheses; on the

contrary, it itself can serve as a
yet to be done. You should not expect
method of hypothesizing based on
that one method / model can cover
data obtained by other methods [8].
everything and answer all the
«Manova» is a procedure for
questions about a complex system.
assessing differences among several
Biological processes are in a constant
nonmetric dependent variables based
state of flux, and it is unlikely that all
on the linear combination of several
accidents can be considered by even
metric dependent variables. This
the most complex model. The model
procedure enables the simultaneous
should be quite complex, but no more
examination of several dependent
than necessary to answer the
variables. «Manova» was used by
questions posed. Among several
Golinski [9] to assess the effect two
models developed so far in the field of
pathogens (Fusarium avenaceum and
plant pathology, only one type of
F. culmorum) on three yield
model is widely used in the
components (1000-grain weight, and
agricultural industry, from farmers to
weight and number of kernels per
researchers/ experts. Selecting durum
winter wheat head) of 14 winter wheat
wheat
genotypes
with
broad
cultivars in a two year study. Sanogo
adaptability in different environments
and Yang [10] provided remedial
is important before recommending
measures with examples, in which
them to achieve a high rate of
response variables are temporally and
genotype
adoption.
Thus,
the
spatially dependent. They also
combined ANOVA analysis of data
provided a general guideline to
on the yield of 20 media allowed by
choosing multivariate statistical tools
scientists to identify very significant
based on the nature of independent,
differences between genotypes and
dependent
and
interdependent
media, as well as a significant
variables [11-13]. However, Nayak et
interaction of GE indicated a
al. [14] believe that the application of
differential performance of genotypes
new advanced statistical tools, such as
compared to test media. Such research
linear and nonlinear mixed models, in
allows you to purposefully conduct
the analysis of disease epidemics has
breeding work.
Source material, methods and conditions for research
The purpose of our research is
based on the search for sources of
morphological and economically
valuable traits for creating highly
productive barley varieties adapted to
the stress conditions of the Aral Sea
region using multivariate factor
analysis methods.
Selection for one or several
traits, without taking into account
others associated with them, may lead
to
undesirable
consequences.

Therefore, to identify groups of traits
unified in its essence, of the whole
totality of the studied ones, we used
the method of principal components,
which allowed us to identify eight
major factors, which accounted for
77% of the genotypic variance of the
source
traits,
explaining
the
interdependence of the studied
indicators for 155 varieties and
collection numbers in two contrasting
zones of Kazakhstan on soil and

climatic conditions: - rice systems of
the Kyzylorda region; - piedmont
zone of the Almaty region.
The climate of the Kyzylorda
region is sharply continental, hot, dry
summers and cold winters with
unstable snow cover. The average
annual air temperature is 9.80С. The
climate of the region is very arid. The
mean annual precipitation is 129 mm.
In some dry years, the fall of rain can
be only 40-70 mm. The soil of the
experimental field is meadow-boggy,
typical for the rice crop rotation of the
region. It has a low humus content of
up to 1%, a low porosity and a rather
high value of dissolved solids of up to
2%. Salinity is chloride-sulfate.
Ground waters are at a depth of 1-2
m, salinization of the soil is 15–20
dS/m.
The climatic conditions of the
piedmont zone of the Almaty region
are characterized by cold winters, hot
and dry summers, warm and dry
autumn. The average air temperature
is 7.60С. The mean annual
precipitation is 414 mm. The soil
cover is represented by light-chestnut,
loamy, more rarely by sandy-loam
soils. The humus content reaches up
to 3%.
The object of research was 155
collection samples of the countries of
near and far abroad. In laboratory
conditions, the plants grown up to two
weeks of age are taken for analysis:
selection of the 10 most aligned
plants, determination of seedling
length, root length, leaf area, weight
of leaves and roots, and a number of
other derived values (leaf surface
density, top-root weight ratio), as well
Research results

as biometric analysis has been carried
out according to the methodology of
the
N.I.
Vavilov
All-Russian
Research Institute of Plant Industry
[15, 16].
Sowing of the collection samples
was carried out manually. The row
length was 1 m in three replications;
the placement of the samples was
randomized. The distance between the
rows was 15 cm, between the seeds in
a row was 5 cm. tending the crops of
experimental plots was carried out
during
the
growing
season.
Harvesting was carried out manually
as they matured. The main indicators
and elements of the yield structure
was determined in the plants selected
in the full maturity stage: the duration
of the growing season, plant height;
productive tilling capacity; last
internode length; ear length; number
of spikelets per ear; number of grains
per ear; grain weight per ear, per
plant; thousand grain weight; grain
weight per 1 m². Factor and
correlation analyzes were performed
using the ANOVA application
program package according to the
data for 2014-2019.
The hydrothermal index (HTI)
was determined as the ratio of the
precipitation amount for a certain
period, multiplied by 10, to the sum of
effective temperatures above 10°C for
the same period. Humidification is
optimal if HTI = 1–1.5, excess if HTI
is more than 1.6, insufficient if HTI is
less than 1, low if HTI is less than 0.5.
Or classification of humidification
zones according to HTI: wet – 1.61.3; slightly arid 1.3-1.0; arid – 1.00.7; very arid 0.7-0.4; dry - <0.4.

Lack of attention to climate
changes at the present time is fraught
with major economic consequences in
the future [17-19]. No economy in the
world today is able to actively resist
global climate changes and the
increasing frequency of formation of
extreme weather events. Studies of
many years have shown that to date
the most cost-effective method for
overcoming negative environmental
factors is the selection-genetic one,
which allows overcoming the water
scarcity and a number of other
limiting factors owing to adaptive
productive varieties.
The Kyzylorda region is
geographically located in extremely
unfavorable conditions for crop
production, where there is a decrease
in the water resources of the
transboundary Syrdarya river, which
creates certain threats in ensuring
guaranteed water supply to irrigated
lands, causing intense desertification,
salinization and deflation of soils,
which can become the main obstacle
to sustainable economic growth and
social development of Kazakhstan.
Therefore, within the framework of
the crop production diversification
program of the Kyzylorda region, it is
planned to expand the area under lesswater-consuming agricultural crops,
including fodder-grain crop - barley,
which is one of the leading crops in
the world, due to its adaptive
capabilities, high yield and versatile
use.
It should be noted that various
conditions of moisture supply and
temperature regime during the years
of research made it possible to give an
objective assessment of the collection
samples of spring barley. Thus, the

most adverse weather and climate
conditions were the years 2014, 2017,
2018 and, according to the
hydrothermal index, they were
characterized as hyperarid. The
hydrothermal index for the entire
growing period was not more than
0.12. The average daily temperatures
during the initiation of reproductive
organs exceeded the long-time
average annual indicators by 5 and
3°C. During the flowering period of
barley, daytime temperatures reached
more than 40°C, which significantly
reduced the set of grains. Precipitation
during the “earing-ripening” period
did not have a positive effect on the
crop yield, since during this period the
plants were in the wax-ripeness stage.
Such conditions contributed to the
rapid passage of the key stages of
barley development, in particular,
“tillering-booting” (HTI = 0.03) and
“booting- earing” (HTI = 0.04),
except for the “sowing-seedlings”
period, when the sum of effective
temperatures were insufficient for
germination of grain, which led to the
late emergence of seedlings and a
decrease in field germination. In this
regard, in 2014 a shortening of the
growing period was observed and
averaged 74 days. The proportion of
early-maturing samples in the
collection was more than 75%.
Although, according to HTI for
the entire growing period of 2015,
2016, 2019, they are described as arid,
but they are characterized by
sufficient moisture supply during such
critical periods as “tillering-booting”
(HTI = 1.55) and “booting- earing”
(HTI = 1.17), which has positively
affected the formation of reproductive

organs and determined the high yield
of barley in these years.
To determine the dependence of
the duration of the growing period on
meteorological
conditions,
a
correlation analysis was carried out
between the moisture and heat supply,
as well as the hydrothermal index and
the duration of the growing stages by
varieties. A strong influence of
moisture supply conditions on the
duration of the barley growing period
has been revealed, which is confirmed
by high correlation coefficients (r =
0.83 ... 0.91 ± 0.2). Regardless of the
variety, an increase in precipitation
and a decrease in the sum of effective
temperatures contributed to the
extension of the growing period.
Analyzing the correlation dependence

between the interstage periods and the
duration of the growing period, it has
been found that a change in the
duration of any period leads to a
significant change in the duration of
the entire growing period. Thus, an
analysis of the duration of the
growing
period
showed
that
simultaneously
ripening
variety
samples often differ sharply in the
duration of individual stages [20].
The first component accounts
for 25% of the total variation and,
irrespective of cultivation zones, has
maximum loads on the length of 14day-old seedlings (0.33 and 0.32), the
length (0.33 and 0.32) and area of
seedling leaf (0.32), and the total
weight of 14-day-old seedlings (0.32)
in 1.5% NaCl solution (table 1).

Table 1 - Factorial table of selection traits of barley samples (Kyzylorda
region)
Traits
Growing period,
days
Plant height, cm
Number of ears 1 m²
Upper internode
length, cm
Ear length, cm
Number of grains
per ear, pcs
1000-grain weight,
g
Grain weight per
ear, g
Yield, g/m²
Protein, %
Starch, %
Extractivity, %
Germination rate in
1.5% NaCl solution

1
0.01

2
-0.13

3
0.15

4
0.20

5
0.07

6
0.33

7
0.18

8
0.13

0.02
0.03
-0.01

0.21
0.13
0.25

0.16
0.31
-0.06

0.01
0.26
0.34

0.37
-0.11
0.15

-0.29
0.24
-0.12

0.10
-0.08
0.09

0.31
-0.01
0.12

-0.04
-0.06

0.18
0.33

0.01
0.25

0.07
-0.07

0.01
0.22

-0.08
-0.07

-0.21
-0.05

-0.07
0.15

0.06

-0.02

0.30

0.25

-0.18

0.06

0.03

-0.36

-0.04

0.31

0.30

0.13

0.07

-0.05

-0.15

0.00

-0.05 0.26 0.32 0.24 0.05
-0.01 0.27 -0.35 -0.01 0.09
-0.01 -0.18 0.26 0.12 -0.09
0.01 -0.02 0.13 -0.02 0.10
0.32 -0.04 0.12 0.12 0.18

0.05
-0.29
0.31
0.45
0.16

-0.08
-0.11
0.26
-0.02
0.08

0.09
-0.11
0.19
-0.23
-0.01

Length of 14-dayold seedlings, cm
Length of seminal
roots, cm
Length of seedling
leaf, cm
Area of seedling
leaves, cm
Leaf surface
density, mg/cm²
Weight of seedling
leaves, g
Weight of seedling
roots, g
Radicle thickness,
mm
Stem thickness, mm
Layers of leaves,
pcs
Total weight of 14day-old seedlings, g
Total weight ratio to
leaf area, mg/cm²
Top-root weight
ratio, mg
Root-top weight
ratio, mg
Germination rate in
sucrose solution 14
atm.,%
Number of seminal
roots of 7-day-old
seedlings in sucrose
solution, pcs
Length of seminal
roots of 7-day-old
seedlings in sucrose
solution, cm
Variance of
components, %
Impact ratio of
components, %
Cumulative value,
%

0.33

0.02

0.06

-0.09

0.03

-0.02

0.08

-0.02

0.25

-0.13

0.12

-0.01

0.03

-0.21

0.01

0.06

0.33

-0.01

0.13

-0.09

0.01

-0.06

0.05

-0.04

0.32

-0.01

0.12

-0.11

0.01

-0.06

0.05

0.01

-0.14

0.14

-0.28

0.08

0.24

0.09

0.36

0.03

0.29

0.12

-0.04 -0.11

0.17

0.08

0.27

-0.04

0.18

-0.28

0.05

0.30

-0.08

-0.22

-0.07

0.01

-0.01

0.21

0.09

-0.04 -0.39

-0.16

0.45

-0.13

0.06 -0.21 -0.11 0.05
-0.02 -0.08 0.05 -0.15

0.44
0.33

0.14
0.03

-0.33
0.09

0.19
-0.49

0.32

-0.04

0.16

0.07

0.09

-0.05

0.18

-0.02

-0.06 -0.03 -0.26

0.37

0.15

-0.01

0.28

0.04

-0.04

0.09

-0.01 -0.43 -0.14

0.18

0.02

0.35

0.09

-0.31

0.07

0.31

-0.20

-0.20

-0.15

0.02

0.29

0.19

-0.23

0.04

-0.14

0.16

-0.02

0.30

0.31

0.22

-0.17

0.24

-0.13

0.04

-0.28

-0.08

0.29

0.20

0.18

0.06

-0.12

0.19

-0.12

0.06

8.16

4.03

3.59

2.55

2.11

1.93

1.73

1.47

25

12

11

8

6

6

5

4

25

37

48

56

62

68

73

77

Rice is the main crop in the
irrigated agriculture zone of the Aral
Sea region of Kazakhstan. The rice
culture is hygrophytic and requires a
large amount of irrigation water as
well as a washing irrigation regime,
which contributes to the leaching of
salts from rice paddies. In the rice
crop rotation, an active process of salt
accumulation in the soil occurs after
the rice stage. This happens because
of the secondary soil salinization. In
the conditions of the Kyzylorda
region, the highest loads are also
observed in the germination rate in
1.5% NaCl solution (0.32) and the
number of seminal roots of 7-day-old
seedlings in sucrose solution (0.31).
Based on the meaning of these traits,
the first component can be called the
adaptability factor, which has the
greatest impact on the volume and
quality of the yield in the
environmentally
unfavorable
conditions of the Aral Sea region of
Kazakhstan. Thus, the intensity of the
early growth determines the resistance
to salinity in the early stages of
ontogenesis
of
barley
plants,
accordingly, to the fullness of
seedlings, optimal plant stand and
total yield. The number of seminal
roots in sucrose solution to a large
extent
predetermines
adaptive
capacity to drought, associated with
low relative air humidity during the
formation of reproductive organs.
In studies by Acreche [1] of
different wheat varieties representing
different
epochs
of
genetic
improvement in the Mediterranean
region of Spain, yields were linearly
and positively related to the number
of grains per m2, while the average

grain weight did not show any clear
trend with the year of production of
varieties. The increase in the number
of grains was more associated with an
increase in the number of grains per
ear than with differences in the
number of ears per m2.
Abera K. [21] has identified
the strong positive correlation of root
length with thousand seed weight,
harvest index and grain yield in
combination with other agronomic
performances in the field could be
used as selection criteria for drought
tolerance. Our analysis has revealed
that the maximum loads on the second
factor (13% of the total variance) in
the conditions of the Almaty region
have the number of grains per ear,
1000-grain weight, grain weight per
ear, yield and is construed as a
productivity factor (table 2). In the
conditions of the Kyzylorda region,
the production traits are conditionally
divided into two types, so on the
second factor, with a maximum load
of the total variance of 12%, has
included the number of grains per ear,
grain weight per ear, protein content
and is called the ear productivity
factor, the third factor (11% of the
total variance), combining the number
of ears per 1 m², 1000-grain weight
and yield is called the plant
productivity factor. The cumulative
variance of the final productivity
factor in the conditions of the
Kyzylorda region is 23%. The third
(10%) and fifth factors (6%) in the
Almaty region; the fourth (8%),
seventh (5%) and eighth (4%) factors
in the Kyzylorda region are
characterized by us as physiological.
The main limiting factor in
the conditions of the Aral Sea region

of Kazakhstan is the climate aridity,
in this respect, the physiological
factor that have maximum loads on
the upper internode length (0.34), the
weight of roots of 14-day-old
seedlings (0.30), the total weight ratio

of plants to leaf area, mg/cm² (0.37),
the root-top weight ratio (0.31), the
radicle thickness (0.45) determines
the resistance of the varieties during
critical growing periods, that is, at an
earlier age.

Table 2 - Factorial table of selection traits of barley samples (Almaty region)
Traits
1
2
3
4
5
6
7
Growing period, days
0.06 -0.05 -0.22 -0.02 0.16
0.19 -0.18
Plant height, cm
-0.01 0.24 -0.09 0.05
0.26 -0.07 -0.10
Number of ears 1 m²
0.01 0.02 -0.09 -0.13 0.27 -0.01 0.28
Upper internode
0.08 0.11 -0.03 -0.05 -0.09 -0.19 0.37
length, cm
Ear length, cm
0.03 0.18 0.16 -0.06 -0.13 0.05
0.03
Number of grains per
0.04 0.36 -0.01 -0.12 -0.18 0.13
0.11
ear, pcs
1000-grain weight, g
0.11 0.33 0.01
0.01
0.15
0.12 -0.31
Grain weight per ear, g 0.09 0.43 0.03 -0.06 0.01
0.15 -0.14
Yield, g/m²
0.09 0.43 -0.01 -0.07 0.07
0.13 -0.08
Protein, %
-001 0.16 -0.19 0.32
0.02 -0.36 0.11
Starch, %
-0.03 0.01 0.17 -0.29 0.09
0.31
0.23
Extractivity, %
0.05 -0.15 0.05 -0.21 -0.13 0.30 -0.09
Germination rate in
0.24 0.02 0.12
0.24 -0.13 -0.13 -0.18
1.5% NaCl solution
Length of 14-day-old
0.32 -0.01 0.01 -0.05 0.11 -0.11 0.02
seedlings, cm
Length of seminal
0.24 0.02 -0.22 -0.05 0.09 -0.14 -0.06
roots, cm
Length of seedling
0.32 -0.04 -0.02 -0.14 0.06 -0.09 0.03
leaf, cm
Area of seedling
0.32 -0.05 -0.02 -0.13 0.08 -0.09 -0.01
leaves, cm
Leaf surface density,
-0.14 0.11 0.16
0.33
0.30
0.19
0.18
mg/cm²
Weight of seedling
0.28 -0.01 0.16
0.03
0.29
0.07
0.14
leaves, g
Weight of seedling
0.18 0.05 -0.38 0.03 -0.26 0.09
0.02
roots, g
Radicle thickness, mm 0.01 0.25 0.24 -0.15 -0.08 -0.25 0.27
Stem thickness, mm
0.05 -0.22 -0.24 0.24
0.16
0.25 -0.24
Layers of leaves, pcs
-0.03 -0.17 -0.09 -0.08 0.28
0.07
0.21
Total weight of 140.32 0.13 -0.06 0.05
0.09
0.09
0.11
day-old seedlings, g

8
0.05
0.35
-0.50
-0.09
0.42
-0.14
-0.01
-0.10
-0.18
-0.06
0.01
0.02
-0.03
0.08
-0.06
0.05
0.01
0.01
-0.01
0.06
0.18
-0.18
0.39
0.03

Total weight ratio to
leaf area, mg/cm²
Top-root weight ratio,
mg
Root-top weight ratio,
mg
Germination rate in
sucrose solution 14
atm.,%
Number of seminal
roots of 7-day-old
seedlings in sucrose
solution, pcs
Length of seminal
roots of 7-day-old
seedlings in sucrose
solution, cm
Variance of
components, %
Impact ratio of
components, %
Cumulative value, %

-0.06

0.12

-0.09

0.41

0.04

0.26

0.26

-0.04 -0.05

0.25

-0.04

0.13

-0.41

-0.30 -0.08

0.09

0.06

-0.39

0.01

-0.38

0.02

-0.05

0.10

0.20

0.03

0.29

0.27

-0.13

-0.01

-0.07

0.04

0.16

-0.14

0.28

0.18

-0.24

0.06

0.01

-0.04

0.17

0.13

0.25

0.23

-0.17

0.05

0.02

-0.22

8.34

4.15

3.27

2.80

2.04

1.89

1.62

1.40

25

13

10

8

6

6

5

4

25

38

48
56
62
68
73
77
evaluate indirectly the parameters of
one according to the indicators of the
other. However, the contingence of
traits of plant productivity varies
significantly depending on the soil
and climatic conditions of cultivation
[22].
It was established that in the
conditions of saline soils of rice
systems in the Aral Sea region of
Kazakhstan,
a
high
positive
correlation relationship was found
between the grain weight per ear and
the grain weight per 1 m² (r = 0.77);
the number of grains per ear and the
grain weight per ear (r = 0.72); the
number of grains per ear and the grain
weight per 1 m² (r = 0.66). The
average correlation relationships with
positive values were found between
the number of ears per 1 m² and the
grain weight per 1 m²; the plant height

The fifth (6%) under the
conditions of rice systems and the
eighth (4%) factors in the piedmont
zone were defined as morphological
and included the plant height, layers
of leaves in a 1.5% NaCl solution.
In both zones, the sixth factor
(6%) is characterized by the values of
protein and starch content, and
extractivity, that is, it is associated
with quality indicators of grain, in
combination with a longer growing
period, and protein with early
maturity.
Further, to increase the
effectiveness of the selection by the
factor
analysis
method,
we
determined the interdependence of
various biological and economically
valuable parameters. The close
contingence of traits allows to

0.03

and the number of grains per ear
(figure).
In the piedmont zone of the
Almaty region, a similar picture is
observed in the contingence of
production traits, but productivity

depends largely on 1000-grain weight,
which has a significantly high positive
correlation r = 0.80 (number of grains
per ear) and r = 0.83 (grain weight per
ear).

А
B
Figure - Correlation coefficients between production and morpho-biological traits
of spring barley in various soil and climatic conditions of Kazakhstan
A-Kyzylorda region; B- Almaty region:
1-number of ears per 1 m², 2-plant height, 3- upper internode length; 4-ear length;
5-number of grains per ear; 6- grain weight per ear; 7-1000-grain weight; 8-grain
weight per 1 m², 9-germination rate in saline solution; 10-total weight of 14-dayold seedlings; 11-seminal root length
Note: critical r values at 99% significance level = 0.39

Statistical analysis of the data has shown that the studied variety samples
according to the “number of grains per ear” and “grain weight per ear” traits
demonstrate a consistently high positive correlation relationship, regardless of the
years of study and their cultivation areas. In this regard, the “number of grains per
ear” trait can be used as the main factor in increasing crop yields in adverse
ecosystems of the Aral Sea region of Kazakhstan.
In both zones, according to the results of studying the correlation of 21 traits
according to growth indicators at the early stages of ontogenesis under saline
(1.5% NaCl) and drought (15% sucrose solution) conditions, the most informative
traits were the germination rate, the total weight of 14-day-old seedlings and the
seminal root length having an average positive correlation with the 1000-grain
weight.

Conclusion
Thus, the presented research
results confirmed the dominant
importance of adaptive reactions for
the normal growth and development
of barley in the environmental
conditions of Kazakhstan. The
selection of barley for adaptability is
especially relevant in the conditions
of the Aral Sea region of
Kazakhstan, where salinity and
drought are the main limiting

1.

2.

3.

4.

5.

6.

7.

8.

9.

environmental factors. The most
adaptively valuable traits include the
germination rate under saline
conditions, the total weight of 14day-old seedlings, the number and
length of seminal roots of seedlings.
Of the production traits, the number
of grains per ear, grain weight per
ear and protein content in
combination with early maturity are
most significant.
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Түйін
Әр түрлі экологиялық және географиялық тегі бойынша шыққан
арпаның 155 үлгісінің
(Hordeum vulgare L.) сандық және морфобиологиялық сипаттамаларын көп факторлы дисперсиялық талдау арқылы
құнды белгілер анықталды, оларға тұздану кезіндегі өну қарқындылығы,
14 күндік көшеттердің жалпы массасы, ұрық тамырларының саны мен
ұзындығы жатады. Өнімділік белгілерінің ішінде масақтың дәндер саны,
масақтың дән массасы, ақуыз мөлшері және ерте пісуі қасиеті маңызды
болып табылады. Статистикалық талдаулар арқылы зерттелген
сортүлгілерде масақтағы дәндер саны және масақтағы дән салмағы
арасында тұрақты жоғары оң корреляциялық байланысы анықталды.
Осыған байланысты Қазақстандық Арал өңірінің қолайсыз экожүйелерінде
«масақтағы дәндер саны» белгісін өнімділікті арттырудың маңызды
факторы ретінде пайдалануға болады.
Кілттік сөздер: арпа, өзгергіштік, тұздану, құрғақшылық, таңдау,
бейімделу параметрлері, корреляция.
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Резюме
Многофакторный дисперсионный анализ количественных и морфобиологических признаков 155 образцов ячменя (Hordeum vulgare L.)
различного эколого-географического происхождения позволил выделить
наиболее адаптивно ценные признаки, к которым относятся интенсивность
прорастания в условиях засоления, общая масса 14-суточных проростков,
число и длина зародышевых корней. Из признаков продуктивности значимы
число зерен в колосе, масса зерна с колоса и содержание белка в сочетании
со скороспелостью. Статистический анализ данных показал, что у изучаемых
сортообразцов по признакам число зерен в колосе и масса зерна с колоса
проявляется стабильно высокая положительная корреляционная связь
независимо от годов исследования и зон их возделывания. В связи с этим,
признак «число зерен в колосе" можно использовать в качестве основного
фактора повышения урожайности в неблагоприятных экосистемах
Казахстанского Приаралья.
Ключевые слова: ячмень, вариабельность, засоление, засуха, отбор,
параметры адаптивности, корреляция.

