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SUMMARY

Spring barley (Hordeum vulgare L.) is an important food, fodder, and industrial crop. Barley cultivars’
evaluation regarding trait variability using a variation factor further divided them into two groups. The
first group included cultivars with a high variation factor (cv > 10%) based on the agronomic traits,
viz., sprout density, dry biomass yield, number of plants before harvesting, and grain yield potential.
The second group contained all other genotypes with a variation factor (cv = 6%) regarding morpho-
physiological variables. These are number of nodal roots (cv = 0.8%-1.6%), flag leaf area (cv =
0.8%-1.6%), total leaf area (cv = 3.4%-5.7%), photosynthetic potential (cv = 0.06%-0.27%),
photosynthesis net productivity (cv = 2.7%-5.6%), yielding capacity structural elements (grains per
ear [cv = 1.0%-2.0%] and 1000-grain weight [cv = 1.5%-5.6%]). Cultivars Pamyat Raisy (1.8 t ha"
1y and Arna (1.7 t ha?) showed a reliable and enhanced yielding capacity compared with the reference
cultivar Astana 2000 (1.6 t ha™!), while other cultivars had an average yield potential (1.6 + 1.8 t ha’

1).

Keywords: Barley (H. vulgare L.), variability, agronomic traits, morpho-physiological variables, grain
yield potential, correlation, factor analysis

Key findings: Barley (H. vulgare L.) cultivars Pamyat Raisy (1.8 t ha™') and Arna (1.7 t ha!) were
superior by the highest grain yield. A correlation was evident between grain yield in the study years
with the grains per ear, productive stems, photosynthetic parameters, dry biomass yield, and the
number of nodular roots during the "tillering — exit into the tube" period.
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INTRODUCTION

Barley (Hordeum vulgare L.) is one of the most
valuable and oldest cereal crops, ranking
fourth in cultivation and production worldwide,
after wheat, rice, and maize (FAOSTAT, 2019;
Bahmani et al., 2021). With its short growth
duration and suitable adaptability, barley can
grow from 42° latitude south to 70° latitude
north. Archaeological evidence proves the
eastward introduction of barley throughout
Eurasia (Lister et al., 2018). The 2017-2018
world barley production reached 142.37 million
tons and 160.53 million tons in 2020-2021
(Mohamed et al., 2021).

The barley-sown area increased by
17.5% in 2022 to 2.57 million hectares, while
the harvesting area amounted to 2.42 million
hectares (+11.4%) in 2023 in Kazakhstan. The
barley harvest in Kazakhstan in 2023 reached
2.61 million tons, 2.5% lower than in 2022 due
to drought. According to the gross harvest in
2023, North Kazakhstan had 550,100 tons,
Kostanay had 427,000 tons, and Akmola
regions at 384,800 tons (https://www.apk-
inform.com/ru/news/1539416 ). In modern
conditions, agricultural producers place high
demands on new varieties since the cultivar is
the basis of agricultural production. Along with
high yields and stability over the years and
diversity of economic uses, new varieties
should have a high level of adaptability to
environmental stress factors.

It is impossible to combine everything
in one variety; therefore, barley breeding in
the Scientific and Production Center of the
grain Farm named after A.I. Baraev proceeded
in several directions - the creation of cereals,

forage, and fodder forms
(https://baraev.kz/zhanalyktar/). In the
Karabalyk Agricultural Experimental Station,

the scientists have created and, since 2023,
are introducing a new variety of multi-row
barley, "Kairat," which has reached state
variety testing for the second vyear
(https://eldala.kz/dannye/kompanii/536-
karabalykskaya-selskohozyajstvennaya-
opytnaya-stanciya ).

Generally, barley has become a poor
man’s crop because it is easy to cultivate,
needs few requirements, and has a high
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capacity for adaptation to harsh environments
(Riehl, 2019). Barley products, especially
bread and beer, compose a complete diet
based on health benefits from barley; hence,
there is a need for agricultural development
and reducing pressure on wheat imports
(Kling, 2006). As an influential cereal, barley
grain mainly serves malt production and
animal feeds. The malt can be an ingredient for
making beer, industrial alcohol, whisky, and
malt syrups. Developing high-yielding barley
cultivars with stable productivity requires
comprehensive management regarding
adaptability to specific environmental
conditions. Such an approach was also an
economically reasonable direction (Reinert et
al., 2019). Farm production requires new
cultivars with potential productivity up to 5 t
ha? and higher that form sustainable yielding
capacity under extreme environmental
conditions and produce high-quality grains
(Pryadun, 2020).

In the present era, new barley
cultivars’ development receives support from
extensive breeding that affects considerable
morphological modification of plants, facilitates
up-to-date barley growing, and substantially
increases vyielding capacity (Wendler et al.,,
2015). The new cultivars should be drought-
resistant and can dramatically raise their full
biological potential (Abebe et al., 2015). A
parent breeding material is crucial and requires
continuous restoration to obtain new and
economically valuable genes and complexes.
Therefore, studying and utilizing the world
collection is necessary to improve the grain
crops’ profitable, valuable characteristics
(Rozanova and Khlestkina, 2020).

Based on the results of the ecological
study of spring barley varieties from the
international collection in Central and Northern
Kazakhstan conditions, significant attention
centered on the grain size (Baidyussen et al.,
2021). The degree of variability of the main
quantitative traits showed a slight difference in
the change of mass of 1000 grains, the
number of grains per spike, and the grain mass
per spike depending on the cultivation zone
(Tokhetova et al., 2017). As marker traits for
selecting productive hulled forms of barley, a
proposal suggests using the number of grains
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per spike and a thousand-grain weight during
the hull-less form selection (Tokhetova et al.,
2020).

Based on the above discussion, the
potential research aimed to study the morpho-
physiological indices of spring barley cultivars
that determine their productivity and identify
valuable genotypes for future breeding and
production.

MATERIALS AND METHODS
Breeding materials and procedure

During 2015-2017, the experiment titled
“Influence of Morpho-Physiological Indices of
Barley Cultivars on Identification of Valuable
Genotypes for Grain Breeding and Growing”
began at the experimental area of the Elite
Scientific and Training Center of the Shoqgan
Walikhanov Kokshetau University, Vasilkovka
village, the Akmolinskaya Region, Kazakhstan.
The preceding crop was black fallow. The study
material included five midseason ripening
cultivars of spring barley, i.e., Astana 2000
(reference), Pamyat Raisy, Ayat, Arna, and
Baisheshek, procured from various research
institutions in Kazakhstan. The cultivar Astana
2000, registered in the Akmolinskaya Region,
was the reference genotype. The total plot area
was 25 m™2, and the declared area was 20 m™.

All  the wvariants followed a randomized
complete block design (RCBD) with four
replications. Seeding transpired at optimal

dates for the zone—May 25-28, with the
seeding rate at 3.5 million germinable seeds
per hectare. Seed planting engaged the MSS-7

seeder (by Omsk Experimental Plant LLC,
Russia).

Soil analysis

The experimental plot soil was common

calcareous heavy loam chernozem. Before
seeding, the collection of soil samples from the
experimental plot came at the 0-40 cm depth.
The humus content identification in the soil
samples employed the Tyurin method modified
by Simakov, and the humus content was 3.6%.
The pH of the water extract analyzed by

1874

potentiometric assay was 6.5. Nitrate nitrogen
content analysis used the Grandval and Lajoux
phenol disulphonic method, while mobile
phosphorus and exchangeable potassium
content determination utilized the Machigin
method. The soil’'s nitrate nitrogen, mobile
phosphorus, and exchangeable potassium
content were 15.3, 10, and 610 mg kg%,
respectively (Aidarbekova et al., 2022).

Observations and data recording

Five spring barley (Hordeum vulgare L.)
cultivars evaluation focused on six morpho-
physiological indices. Data recording in 10
plants of various barley cultivars ensued during
the growing season on the number of nodal

roots, total leaf area, flag leaf area,
photosynthetic potential, dry mass
accumulation, and photosynthesis net

productivity. Structural element identification
for each cultivar occurred on four experimental
plots of 0.25 m™ in each replication. The
number of plants before harvest, productive
stems, grains per ear, 1000-grain weight, and
grains yielding capacity proceeded to record.
The grain harvest commenced at the wax
ripeness stage with a Sampo-500 harvester
(by Sampo Rosenlew, Finland). The study
translated hopper grains into 14% moisture
content and 100% purity.

Statistical analysis

Five spring barley (H. vulgare L.) varieties bore
assessment based on six morpho-physiological
indicators. The number of nodal roots during
the vegetation period showed distinction for 10
plants of each type using the method by
Taranovskaya (1957). Determining the
assimilation surface of leaves followed the
methodology of Nichiporovich (1969). Net
photosynthesis productivity (NPP) calculation
used the formula proposed by Tretyakov et al.
(1990). The assessment of structural elements
for each variety continued on four
experimental plots measuring 0.25 m™ each
across all replicates. The recorded parameters
included the number of plants before
harvesting, productive stems, grains per spike,
the mass of 1000 grains, and the biological
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grain yield. The assessments and observations
progressed following the methodology of State
Variety Testing (1985).

The grain harvesting commenced at
the wax ripeness stage using the Sampo-500
combine harvester (Sampo Rosenlew, Finland).
The grain from the hopper sustained
adjustments to a moisture content of 14% and
100% purity. All the recorded experimental
data analyses utilized the AgC-Stat software
(https://www.agstat.com). Calculations on the
average mean values (M), standard error of
the mean values (£SEM), variation coefficient
(cv), correlation coefficient (r), least significant
difference (LSDg 5), and character range (Lim)
followed the procedure according to Dospekhov
(1985)

RESULTS AND DISCUSSION

The observations revealed that the Influence of
weather conditions on spring barley genotypes’
yielding capacity over the years of research
was asymmetrical
(http://www.pogodaiklimat.ru). The variables,
seed germination, and rooting, sustained
considerable influences primarily from soil
moisture content. Past studies also reported
that moisture deficiency negatively affects the
plant germinating power and preservation rate
(Abdel-Ghani et al., 2015; Lodhi et al., 2015).
The prevailing weather conditions in
the Akmolinskaya Region, Kazakhstan, have
affected economically valuable characteristics
of spring barley cultivars. Thus, in 2015 and
2016, during spring barley growth and
development, the hydrothermic factor values
were 0.5 and 0.3, which were below the long-
running annual average (0.8), while in 2017,
the factor was within the average. Therefore,
the germinating power of spring barley
cultivars in the field varied between 77.0%
(Baisheshek) and 80.7% (Pamyat Raisy). It
might be due to weather conditions during
seeding and the emergence period. Moreover,
the variation coefficient was also relatively low
in the years varying in weather conditions. The
minimal variation coefficient occurred with the
barley cultivar Baisheshek (cv = 2%), while
the maximum variation coefficient appeared
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with the reference cultivar Astana 2000 (cv =
8%) (Table 1). These results established that
the field germinating power is a stable genetic
characteristic vital for genotype selection
(Monteiro et al., 2018) and improving barley
plant adaptive traits (Thabet et al., 2018;
Kushanova et al., 2023).

Economically valuable traits

Before harvest, observations indicated that
plant preservation varied among barley
cultivars, ranging from 73.7% (Astana 2000)
to 76.7% (Pamyat Raisy). The results revealed
that the variation coefficient with cultivar
Pamyat Raisy was higher (cv = 7%) than the
other four cultivars. Consequently, the existing
environmental conditions during the growing
period favorably affected the preservation of
the cultivar Pamyat Raisy plants. Bento et al.
(2021) reported plant preservation depends
mainly on water availability in the first half of
barley and wheat crop growth. Barley lines
selected with improved germinating power and
sprouting energy under negative water
potential (-1.36 MPa equivalent to 5%
breeding intensity) showed better preservation
of barley plants under dry weather conditions
(Springer and Mornhinweg, 2019; Tetyannikov
et al., 2024).

Dynamics of nodal root development

Available water is one of the chief factors
determining plant growth and distribution and
a haven for the root system (Rich and Watt,
2013). The root system plays a particular role
in the grain crop adaptation to drought
conditions (Siddiqui et al., 2021). Based on the
cultivars’ genetic makeup and environmental
conditions, the presented research noted
considerable differences among the barley
cultivars in the number of nodal roots.

In Northern Kazakhstan, the early and
even emergence of nodal roots with late dying-
off and at the end of the growing period is one
of the viable characteristics of drought-
resistant and productive barley cultivars.
During tillering, the root system structure
formation occurs, where the number of nodal
roots mainly depends on the number of shoots
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Table 1. Economically valuable traits of spring barley (Hordeum vulgare L.) cultivars in the Steppe Zone of Kazakhstan (2015-2017).

. 2 . I Number of plants Plant
- Density of sprouts (pcs/m™) Field germinating power (%) before harvest (pcs/m™2) preservation (%)
Cultivars MESD VC - Variation VC - Variation VC - Variation VC - Variation
coefficient (%) coefficient (%) coefficient (%) coefficient (%)
Astana 2000 240.3+11.91 24.0 80.0+3.90 8,0 177.0+£10.55 23.0 73.7+1.03 2.0
Pamyat Raisy 242.0+8.53 19.0 80.7+£3.14 7,0 185.7+15.34 34.0 76.7+3.39 7.0
Ayat 234.7+7.71 20.0 78.3+2.73 6,0 175.3+£7.71 17.0 74.3+1.03 2.0
Arna 234.7+6.59 14.0 78.0+2.37 5,0 178.7+8.59 19.0 76.0+1.79 4.0
Baisheshek 230.3+3.14 7.0 77.0+0.89 2,0 173.3+£5.82 13.0 75.3+1.37 3.0
Trait Lim 230.3 - 240.3 77.0 - 0.70 173.3 - 185.7 73.7 - 76.7
Min/max 1.0 1.0 1.1 1.0

Table 2. Static characteristics of morpho-physiological indices of spring barley (Hordeum vulgare L.) cultivars under conditions of the Steppe
Zone of Kazakhstan (2015-2017).

Number of nodal roots (pcs/plant) Photosynthesis activity indices
Flag leaf Photosynthetic =~ Photosynthesis
9 Total leaf area y Y Dry mass
. — . . Wax area potential net .
Cultivars Tillering Booting Earing . (thousand o 2 - . yield
ripeness (thousand 21 (million m™ ha productivity 1
2 gl m™<ha™) 1 2 (tha™)
m™“ha™) day) (g/m™“.Day)
M+SD Cv  M#£SD Cv  M#£SD Cv  M#£SD Cv  M#£SD Cv  M%SD Cv  M%SD Cv M+SD Cv  M%SD Cv
% % % % % % % % %
Astana 4,3+0.29 0.5 6.9+0.52 1.1 13.7+0.63 1.4 11.5%+1.14 2.5 4.7+0.69 1.5 13.9+2.35 5.0 1.1+0.12 0.27 9.3%1.44 2.7 8.3+3.65 7.3
2000
Pamyat 4,5£0.23 0.5 7.6+0.47 1.0 13.9+1.26 2.8 12.6+1.08 2.4 5.1+0.58 1.2 14.3%2.25 4.4 1.2+0.22 0.22 10.9+1.47 3.2 8.5+3.84 7.6
Raisy
Ayat 4.2+0.18 0.4 7.2#0.18 0.4 14.2+0.40 1.3 12.5+0.67 1.5 4.7+0.36 0.8 12.8+1.73 3.4 1.0+£0.00 0.06 9.7+1.44 2.9 8.5+4.19 8.2
Arna 4.6+0.29 0.6 7.7#0.19 0.4 15.0+0.19 0.4 13.5+0.87 1.9 5.2+0.76 1.6 14.1+2.89 57 1.1+0.09 0.18 11.6+2.63 5.6 9.2+4.77 9.9
Baisheshek 4.2+0.34 0.7 7.3+0.37 0.8 14.9+0.32 0.7 12.9+0.18 0.4 4.7+0.58 1.2 12.9+2.71 53 1.0+0.06 0.12 9.7+1.82 4.0 8.9%+4.34 8.9
Trait Lim 4.2-4.6 6.9-7.7 13.7 - 15.0 11.5-13.5 4.7-5.2 12.8 - 14.3 1.0 - 1.29 9.3-11.6 8.3-9.2
Min/max 1.1 2.1 1.1 1.2 1.1 1.1 1.2 1.2 1.1
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on the plant. The presented results revealed
that initiation of the tillering node in barley
cultivars started during the fourth leaf period.
Over the years of research, the number of
nodal roots was 4.4 £ 0.28 per spring barley
plant during the booting stage, varying from
4.2 £ 0.34 to 4.6 £ 0.29 pcs. However, the
cultivar Arna somewhat registered more nodal
roots (4.6 = 0.29 pcs) than the reference
cultivar Astana 2000, accounting for 4.3 %
0.29 pcs (Table 2).

During the booting period, the
observed number of nodal roots, on average,
was 7.3 £ 0.19 pcs per plant. The maximum
number resulted in the cultivar Arna (7.7 +
0.19 pcs per plant), while in other cultivars,
the index was lower, ranging from 0.1 to 0.8
pcs lower. According to Hecht et al. (2019),
1.8 times more nodal roots per unit area were
evident in barley sprouting (212 to 3090 pcs)
at the grain-filling stage and 1.6 times more at
the grain-ripening phase (4285 pcs).

The results further detailed that during
the earring stage, the average number of nodal
roots per plant was 14.3 £ 0.56 pcs, which
was 31%-51% higher than during the
preceding periods. The most prominent barley
cultivars were Ayat, Arna, and Baisheshek,
with  10%-11% higher values than the
reference cultivar, Astana 2000. At the wax
ripening stage, the average number of nodal
roots was 12.6 £ 0.79 pcs per plant, while
most barley cultivars exhibited reduced root
numbers. Notably, at the wax ripening stage,
the cultivar Arna had the maximum number of
nodal roots (13.5 £ 0.87 pcs per plant), and
the said genotype characteristics positively
affected its adaptation to existing
environmental conditions. The barley cultivars
with variability of nodal roots showed that the
variation of this trait was insignificant before
the booting stage (cv = 0.5%-0.7%) (Table
2).

The variation coefficient grows from
the earring stage to the grain wax ripening
stage (cv = 1.3-2.5%), indicating positive
variability and a growing number of nodal roots
even during the grain formation period. The
varying range of this trait was visible during
the plant growing period from booting through
earring (Lim = 6.9-15.0), which authenticated
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the significant differences among various
barley genotypes for the number of nodal
roots. Cultivar biological characteristics were
prominent in the number of nodal roots and
grain-yielding capacity correlations. During the
years of this research, the above correlation at
the tillering stage was strong (r = 0.74-0.95, P
= 0.04-0.24), while at the booting stage it was
weak (r = 0.29-0.72, P = 0.29-0.90). In the
dry years of 2015-2016, the correlation at the
earring stage was slightly negative (r = -0.04 -
-0.24, P = 0.04-0.24), while in the favorable
condition of 2017, the correlation was positive
(r =0.48, P = 0.52). In 2015 and 2017, at the
milky ripeness stage, the correlation was
positive (r = 0.47-0.88, P = 0.51-1.37) but
was slightly negative (r = -0.09, P = 0.09) in
2016, possibly due to weather conditions
observed in August and September
(Hydrothermal index = 0.2-0.8). Therefore,
the nodal roots negatively affected plant
productivity under arid conditions and
positively influenced the same under favorable
conditions.

Photosynthetic indices

Leaf effect on plant productivity formation
depends on the location, either on top or
below. Plant leaves are crucial during early ear
differentiation to wax ripening (Syzdykova et
al., 2018). In the pertinent research, the
recorded maximum leaf area emerged at the
earring stage, varying from 12,800 + 1,730
(Ayat) to 14,300 = 2,250 m? ha?l (Pamyat
Raisy), with the average being 13,600 £ 2,390
m? ha™. Past studies also reported that the leaf
area changes rapidly at the earring stage
(Alqudah et al., 2018).

The leaf growth pace
enhances during the stages
establishment and subsequent stages of
development. Leaf area heritability s
necessary to develop plants with small leaves
and large ears. Critical to providing the ear
with assimilates lies with flag leaves, the size
of which varies with growing conditions. The
control of leaf growth was primarily genetic, as
proven by a moderate to high heritability
(0.67%-0.90%) (Alqudah and Schnurbusch,
2015).

materially
of ear
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During the study years, on average,
the flag leaf area was 4,900 £ 590 m™ ha™,
varying from 4,700 £+ 580 to 5,200 £ 760 m™
hat. However, the barley cultivars Pamyat
Raisy and Arna showed the highest values
(5,100 + 580 and 5,200 £ 760 m? ha’,
respectively), while the other cultivars showed
similarity with the reference cultivar Astana
2000 (4,700 £ 690 m™ ha'). The flag leaf area
variability was insignificant (cv = 0.8-1.6). The
variability coefficient varies from 3.4% to
5.7%. One must note that cultivar Ayat gave
the minimum variability for that trait (cv =
3.4%), indicating a nonsignificance of the said
cultivar for the photosynthetic potential.

Establishing crop photosynthetic
potential depended on the leaf surface area
development and formation. According to the
present results, barley cultivars appeared with
an average photosynthetic potential (1.1 %
0.10 million m™2 ha! day). About this trait, the
most prominent cultivar was Pamyat Raisy (1.2
+ 0.22), while the average value of the
reference cultivar Astana 2000 was 1.1 £ 0.12
million m™? ha day. Photosynthetic potential
variability of the spring barley cultivars showed
a low trait variation (cv = 0.06%-0.27%).

Photosynthesis net productivity more
precisely displayed the work of photosynthetic
apparatus. Leaf mass area affects the dry
mass, which also depends upon the available
nutrients and moisture, light intensity, and
temperature. In the relevant study, the leaf
surface showed that the average vegetation
photosynthesis net productivity of spring
barley cultivars varied from 9.3 + 1.44 (Astana
2000) to 11.6 + 2.63 g m2 day (Arna). Under
the steppe Ukraine conditions, the average leaf
index m™ of spring barley cultivars during
tillering and ear formation enunciated the
photosynthesis net productivity varying from
8.01 to 8.89 g m2 day (Panfilova et al., 2019).

Photosynthesis net productivity
variability showed a slight variation for the trait
(cv = 2.7%-5.6%). Fluctuations of
photosynthetic indices in barley cultivars
mostly correlated to weather conditions during
the years of research and the cultivars’ genetic
potential. Regarding photosynthetic activity,
the most prominent with distinguishing
features were the barley -cultivars Pamyat
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Raisy and Arna, which represent a valuable

feedstock for developing high-yielding
genotypes resistant to extreme weather
conditions.

The outcomes signified that flag leaf
area closely correlated with plant productivity
(r = 0.60-0.73; P = 0.69-0.92). According to
Du et al. (2019), a negative correlation
occurred between the number of grains in the
ear (r=-0.345, P < 0.01) and the flag leaf
area. The promising research showed a strong
correlation with the total leaf area (r = 0.60-
0.71; P = 0.69-0.88). Wang et al. (2019)
conducted the correlation of each top leaf and
reported similar results about the leaf length

and area of different leaves in barley
genotypes.
The association of photosynthetic

potential with plant productivity in dry years
(2015-2016) was positive, on average (r =
0.42-0.44; P = 0.44-0.47), and closer in the
favorable year of 2017 (r = 0.84; P = 1.22).
Photosynthesis net productivity index,
irrespective of weather conditions, has a
functionally positive correlation with grain-
yielding capacity (r = 0.56-0.80; P = 0.63-
1.09), grains per ear (r = 0.42-0.44; P =
0.44-0.47), and dry biomass yield (r = 0.37-
0.97; P = 0.38-2.09). However, in dry years
(2015-2016), the correlation was slightly
negative with 1000-grain weight (r = -0.04 to -
0.35; P = 0.04-0.36), while in the favorable
year of 2017, the correlation was positive (r =
0.42; P = 0.44).

Spring barley cultivars were vividly
distinct by dry biomass accumulation.
Maximum accumulation was visible at the
milky wax stage, ranging from 8.3 £ 3.6
(Astana 2000) to 9.2 £+ 4.7 t ha™ (Arna). The
variation coefficient concerning this trait was

very high (cv = 73.3%-99.6%). However,
these values depended on the cultivar
characteristics and the year's weather

conditions. During the study years, the dry
biomass yield correlation was prominent with
photosynthesis net productivity (r = 0.37-
0.97; P = 0.38-2.09), productive stem number
(r = 0.13-0.42; P = 0.13-0.44), and grain-
yielding capacity (r = 0.25-0.57; P = 0.25-
0.64). In the favorable year (2017), it was
notable in the grains per ear (r = 0.21; P =



SABRAO J. Breed. Genet.56 (5) 1872-1882. http://doi.org/10.54910/sabrao2024.56.5.11

0.21), 1000-grain weight (r
flag leaf area (r = 0.52; P = 0.57), total leaf
area (r = 0.44; P = 0.47), and the
photosynthetic potential (r = 0.34; P = 0.35).
In the dry years of 2015-2016, correlation
values for the above traits were slightly
negative.

0.49; P = 0.53),

Yield and yielding-capacity structural

elements

In the presented study, the comparison of yield
structural elements with spring barley cultivars
showed the most prominent variation range
(Lim = 173.3-186.0) and variation coefficient
(cv = 13.0%-34.0 %) regarding plant number
before harvesting. The significant variation of
the structural elements with years hinged on
seeding dates and the cultivar characteristics
(Noworolnik, 2012). However, the minimum
variability of that trait was evident in the
cultivar Baisheshek (cv = 13%).

Dense plant population formation
emerged with the barley cultivar Pamyat Raisy,
probably due to a lower plant dying out. Plant
preservation with the said cultivar was 76.7%,
0.7%-3.0% higher than other barley cultivars.
Remarkably, this trait had high stability with
reference cultivar Astana 2000, as evidenced
by a low variation coefficient (cv - 8%).
However, a higher variation appeared in the
cultivar Baisheshek (cv - 25.0%). With the
spring barley cultivar, the variation ranged
from 208.0 to 223.0 pcs m™ (Table 3). Grains
per ear have linkages with length, number of
internodes in the inflorescence, and the
number of fertile spikelets. Two-rowed barley
produces 30 to 40 grains per ear (Madi¢ et al.,
2012). According to Blum (2017), more grain
formation surfaced in the moisture-abundant
period from sprouting through booting.
Therefore, the moisture deficiency after
flowering results in lower barley grains and,
eventually, lowers yielding capacity.

In spring barley cultivars, the number
of grains per ear varied from 16.3 £ 0.52
(Baisheshek) to 17.7 * 0.52 pcs (Pamyat
Raisy), while the average value of the
reference cultivar Astana 2000 was 16.7 =
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1.03 pcs. Grains per ear showed a lower
variation coefficient (cv = 1.0%-2.0%) and
was a more stable trait in the spring barley
cultivars. The 1000-grain weight has a low
variation, ranging from 44.4 + 0.73 (Astana
2000) to 46.1 £ 0.9 (Baisheshek), possibly due
to the genotypes’ genetic makeup and existing
weather conditions. Regarding this trait, the
variation coefficient revealed a more stable
trait (cv = 1.5%-5.6%), indicating that
breeding based on the trait was superior under
local conditions.

Grain yield, being a dependent trait,
depends on its main constituents. The findings
of many experiments stated that the yielding
capacity of grain crop cultivars has articulate
differences mainly due to growing conditions.
Similarly, according to Li et al. (2020), the
duration of ear formation, plant height, and ear
length influenced yielding capacity,
contributing to the grain crop adaptation to the
prevailing environment. High variability (cv =
10%-20%) characterized barley cultivars’
yielding capacity under the conditions of
Northern Kazakhstan (Table 3). The association
of grain yield’s main structural elements has
several differences, as traced by the study
years. Thus, grain-yielding capacity, over the
years of research, had a close association with
the number of productive stems (r = 0.67-
0.75; P = 0.81 - 0.97) and a medium
association with the grains per ear (r = 0.41-
0.56; P = 0.43-0.63).

During study years, apparent relations
were noticeable between morpho-physiological
indices and grain-yielding capacity, viz., the
flag leaf area (r = 0.60-0.73; P = 0.69-0.92),
total leaf area (r = 0.60-0.71; P = 0.69-0.88),
photosynthetic potential (r = 0.42-0.84; P =
0.44-1.22), photosynthesis net productivity (r
= 0.56-0.80; P = 0.63), nodal roots at the
tillering stage (r = 0.74-0.95; P = 0.95-1.83),
and the booting stage (r = 0.29-0.72; P =
0.29-0.90). However, during the dry years of
2015-2016, association of grain-yielding
capacity with 1000-grain weight was negative
(r =-0.39 - -0.71; P = 0.41-0.88), and in the
favorable year of 2017, the said correlation
was positive (r = 0.61, P = 0.70).
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Table 3. Yielding capacity and yield structural elements with spring barley cultivars (Hordeum vulgare L.) in the Steppe Zone of Kazakhstan

(2015-2017).

Number of plants before Number of productive Grains per ear 1000-grain weight Biological yielding capacity
harvest (pcs m™2) stems (pcs m™2) (pcs) (9) (t hat)
Cultivars xgri-ation xgri-ation xgri-ation zgri-ation VC - Variation
M£SD coefficient M£SD coefficient M=SD coefficient M£SD Coefficient M=SD coefficient (%)
(%) (%) (%) (%)
Astana 177.0£10.55 23.0 209.7+3.72 8.0 16.7£1.03 2.0 44.4+0.73 1.5 1.6+0.10 20.0
2000
Pamyat 185.7+15.34  34.0 223.0+6.75 15.0 17.74£0.52 1.0 45.0£1.60 3.2 1.8+0.06 10.0
Raisy
Ayat 175.3+7.71 17.0 208.0+6.16 15.0 17.0£0.89 2.0 46.0£1.82 4.0 1.6+0.09 10.0
Arna 178.7+8.59 19.0 216.3+6.95 15.0 17.0£0.89 2.0 45.8+2.61 5.6 1.7£0.09 20.0
Baisheshek 173.3%+5.82 13.0 212.3+11.67 25.0 16.3+0.52 1.0 46.1+0.9 2.0 1.6+0.10 20.0
Trait Lim 173.0 - 186.0 208.0 - 223.0 16.3 - 17.7 44.4 - 46.1 1.6-1.8
Min/max 1.1 1.1 1.1 1.0 1.1
LSDo.05 2.74 0.10
2015
LSDo.05 4.65 0.23
2016
LSDo.05 2.25 0.11
2017
CONCLUSIONS photosynthesis net productivity, grains per ear, and 1000-grain

The studied barley cultivars characterization showed a high
variability rate (over 10%), as indicated by sprout number, dry
biomass yielding capacity, number of plants before harvesting, and
grain-yielding capacity. Low variability (below 6%) was distinct
with all the studied cultivars regarding the number of nodal roots,
flag leaf area, total leaf area, photosynthetic potential,

weight. The most prominent barley cultivars for grain-yielding
capacity were the Pamyat Raisy (1.8 t ha™!) and Arna (1.7 t ha™).
A correlation was evident between grain-yielding capacity during
research years and grains per ear, number of productive stems,
photosynthetic indices, dry biomass yield, and the number of nodal
roots during the tillering and booting periods.
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