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ABSTRACT

The article presents results of studying a collection of determinant buckwheat (Fagopyrum esculentum Moench) gen-
otypes in the East of Ukraine. The purpose of the study was to select highly productive and stress-resistant genotypes
for breeding. We noted a considerable variability of biometric and agronomic characteristics between genotypes. The
highest productivity (3.2 g/plant) was recorded for accession UC0101058 (UA) and the highest thousand-kernel weight
(37.4 g) was recorded for accession UC0100286 (BY). There was a strong positive correlation between the number of
kernels per plant and productivity (r = 0.93). Using multivariate statistics methods, we distinguished major clusters of
genotypes. Promising accessions (UC0100167 (UA), UC0101058 (UA), and UC0102186 (UA)) were selected for further
breeding. Using principal component (PC) biplot analysis, we evaluated genetic relationships between the studied ac-
cessions and genetically distant genotypes (UC0101058 (UA), UC0100286 (BY), and UC0100963 (UA)) were identified
as potential outliers.
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INTRODUCTION

Buckwheat (Fagopyrum esculentum Moench) is one of
the leading pseudocereals in Ukraine and several other
countries worldwide. It is valued as a source of protein,
flavonoids, rutin and as a gluten-free crop (Kasajima et
al., 2024; Horash & Klymyshena, 2018; Ahmed et al. .,
2014). Today, buckwheat is grown all over the world as
a niche crop and its acreage is constantly tending to de-
crease. Among the main reasons for the buckwheat acre-
age diminishment are poor adaptability of the crop to
unfavorable growing conditions, relatively low yield, and
breeding complexity, which in turn narrows the diversity
of cultivars (Vilchynska et al., 2020; Kwiatkowski, 2023;
FAOSTAT, 2024).

Buckwheat belongs to the family Polygonaceae, sub-
family Polygonoideae, genus Fagopyrum, and species Fa-
gopyrum esculentum Moench (Luthar et al., 2021; Tang et
al., 2019). The genus Fagopyrum, according to The Plant
List database (international taxonomy database), is rep-
resented by 24 approved species and several more are
being discussed to be recognized. In Ukraine, common
buckwheat (F esculentum Moench) is only grown as an ag-
ricultural crop, while another species, Tartary buckwheat
(F tataricum (L.) Gaertn.), is a difficult-to-separate weed.
Tartary buckwheat is grown as a field crop in Asian and
some European countries. Since common buckwheat (F.
esculentum Moench) is the main taxonomic species, the
name and foremost description of the family and genus
is based on E esculentum Moench (Tryhub et al., 2020;
Alekseyeva, 2004; Joshi et al., 2020).

By the end of 2024, 31 common buckwheat cultivars
were registered in the State Register of Plant Varieties
Suitable for Dissemination in Ukraine. Most of them
were registered in the last 10 years. However, such cul-
tivars (cvs.) as ‘Sumchanka’ and ‘Lileia’, which had been
in the Register for almost 40 years, and cvs. ‘Hloriia and
‘Viktoriia', which had been in the register for almost 60
years, were excluded in 2022 (UIPVE, 2024).

At the time being, buckwheat genome is not fully un-
derstood and being intensively investigated by biotech-
nological methods (Luthar et al., 2021). The growth and
development of buckwheat plants, in particular the pri-
mary shoot growth cessation, are genetically controlled
by a set of genes (D-d, Dm-dm). In buckwheat, indeter-
minate growth type is mainly controlled by dominant
alleles of these genes and determinant growth type — by
recessive alleles. These genes influence the hormonal
balance of the plant, in particular levels of auxins, cyto-

kinins, and gibberellins. Determinant growth type can
result from epistasis (interaction between genes), when
one gene suppresses or modifies the action of another.
Existence of modifying genes that affect the degree of
determinacy is also possible. Differences in promoters or
regulatory sequences of genes responsible for syntheses
of growth hormones can stop the primary shoot growth
after inflorescence formation (Fesenko, 1968; Taranenko
et al, 2010).

[tis believed that determinant buckwheat plants may
have evolved as a result of natural or induced mutations
in genes that control the plant growth (Yatsyshen, 2014).
Buckwheat determinacy is a polygenic trait, which is
closely related to the regulation of growth processes and
is controlled by changes in the expression of key genes
regulating hormonal balance and shoot growth. The
breeding of determinant cultivars is among today’s buck-
wheat breeding mainstreams. It is continuous elongation
of the main stem leading to continuous formation of new
branches of various orders and inflorescences as well as
to continuous consumption of macronutrients by the
plant to form rather vegetative mass than kernels, that is
the main drawback of indeterminate buckwheat morpho-
types (Vilchynska et al., 2023).

Determinant F. esculentum morphotypes have a num-
ber of beneficial features that make such cultivars useful
for agriculture. Among such features, we can mention
early and uniform ripening and enhanced resistance to
lodging. Depending on pedo-climatic conditions and cul-
tivation technologies, the productivity of plants of both
morphotypes can vary significantly. Therefore, breeding
for productivity is the main direction for buckwheat (Try-
hub, 2012; Kabanets et al., 2018).

Our purpose was to select the best determinant buck-
wheat (F esculentum Moench) genotypes according to a
set of useful traits in the East of Ukraine for their further
inclusion in breeding to create new high-yielding cultivars.

MATERIALS AND METHODS

The field studies on the collection of determinant
common buckwheat (F. esculentum Moench) accessions
were conducted in the experimental fields of the Depart-
ment of Genetics, Breeding and Seed Production of the
State Biotechnology University (formerly Kharkiv Na-
tional Agrarian University named after V.V. Dokuchaev)
in 2023-2024. The experimental fields are located in the
central part of the Kharkivska Oblast (Dokuchaievske
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Village, Ukraine), on the border of two natural and cli-
matic zones (eastern forest-steppe and steppe; geograph-
ic coordinates - 49.902144, 36.446238).

The experimental plots were laid out in a breeding
crop rotation in accordance with conventional meth-
ods. The predecessor was black fallow. Seeds were sown
on May 15. Each studied accession was sown by hand in
four replicates. The rows were 1 m long. The sowing rate
was 60 germinable seeds per meter. The replicate plots
were arranged systematically (Ermantraut et al., 2014).
The crop was not additionally fertilized; herbicides were
not applied. The soil in the experimental fields is Calcic
Voronic Chernozem CL UE1 according to the FAO classi-
fication (Jahn et al., 2006).

Table 1. Characteristics of the F. esculentum Moench. accessions

A collection of 21 determinant common buckwheat
accessions from Ustymivka Experimental Station of
Plant Production of the Yuriev Plant Production Institute
of NAAS of Ukraine was studied. The collection consists
of buckwheat genotypes of different eco-geographical or-
igins (Ukraine (UA) — 15 accessions, Belarus (BY) - 5 ac-
cessions, Russia (RU) — 1 accession). The common buck-
wheat accessions under investigation are described in the
detail in Table 1.

Monitoring and records in the experimental plots
were carried out in accordance with the “Methodological
Instructions for Studying Collection Accessions of Corn,
Sorghum and Groats Crops (Millet, Buckwheat, Rice)”
(Shmaraev et al., 1968) and “Methods of State Variety

National Catalog ID Region and country of origin Name Ploidy (n)
uco0100167 Poltavska Oblast (UA) - *
uCco0100188 Poltavska Oblast (UA) - *
UC0100192 Poltavska Oblast (UA) - *
UC0100195 Poltavska Oblast (UA) - *
UC0100261 Primorsky Kray (RU) Mariya Diploid (2n)
UC0100286 Minsk Region (BY) Svityaz Tetraploid (4n)
UC0100963 Poltavska Oblast (UA) - *
UC0100992 Poltavska Oblast (UA) - *
UC0100999 Poltavska Oblast (UA) - *
UCco0101005 Poltavska Oblast (UA) - *
UC0101006 Sumska Oblast (UA) Krupynka Diploid (2n)
uco0101007 Poltavska Oblast (UA) - *
uco0101010 Poltavska Oblast (UA) - *
UC0101058 Poltavska Oblast (UA) - *
UC0100329 Poltavska Oblast (UA) - *
UC0101981 Sumska Oblast (UA) Yuvileina 100 Diploid (2n)
uco0101987 Minsk Region (BY) Karmen Diploid (2n)
uco101197 Minsk Region (BY) Smuglyanka Diploid (2n)
uUC0102186 Sumska Oblast (UA) Sumchanka Diploid (2n)
UC0102193 Minsk Region (BY) Vlada Diploid (2n)
UC0102204 Minsk Region (BY) Lakneya Diploid (2n)

Note: * — ploidy level is not known.
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Trials of Agricultural Crops (Cereals, Groats Crops and
Grain Legumes)” (Volkodav, 2001).

The weather during the field study period differed
significantly. 2023 had the most favorable weather: the
temperature was close to the multi-year average. August
(23.2°C) and September (17.5°C) were warmer (the mul-
ti-year average was 20.5°C and 15.2°C, respectively). The
precipitation amount in 2023 was sufficient for normal
plant development. In May and June, the precipitation
amount was 30.7 and 32.0 mm, respectively, which was
less than the multi-year average (43.7 mm and 65.7 mm,
respectively), but this was enough for timely emergence
and plant development at the initial stages. In July 2023,
there was an unprecedented precipitation amount of
153.8 mm, which was 234.8% relatively to the multi-year
average. August and September 2023 were sufficiently
wet. The precipitation amount in these months was 37.8
mm and 26.9 mm, respectively, which was less than the
multi-year average (51.0 mm and 45.4 mm, respectively);
however, due to the fact that the bulk of the precipitation
fell as long torrential rains, the soil accumulated moisture.

In 2024, the weather was critical for the development
of buckwheat plants. During the vegetation period, the
temperature was high, significantly exceeding the mul-
ti-year average, specifically by 0.3°C in May, by 2.4°C in
June, by 4.8°C in July, by 2.7°C in August, and 5.3°C in
September. There was no or too little precipitation in these
months, specifically 17.3 mm in May, which fell as short
rains. This was not enough for buckwheat emergence.
Because of lack of precipitation, buckwheat seedlings
only emerged on June 14. June was the wettest month,
with 49.3 mm of precipitation. Thanks to this amount,
the main processes of buckwheat plant development oc-
curred. In July and August, the precipitation amount was
catastrophically low (18.5 mm and 7.0 mm, respectively);
it fell as short sprinkles, which in combination with high
temperatures resulted in rapid evaporation. In Septem-
ber, according to Kharkiv Regional Hydrometeorological
Center, for the first time since 1945, there was no precipi-
tation (0.0 mm) in the Kharkivska Oblast (Fig. 1).

Data were statistically processed in PAST 4.17 (Ham-
mer & Harper, 2001). Cluster analysis with Euclidean
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Figure 1. Meteorological parameters in the study location, in 2023 and 2024.
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distances and Principal component (PC) biplot analysis RESULTS AND DISCUSSION

were used to characterize the studied accessions. Rela- Plant height in buckwheat is determined genetically,
tionships between traits were evaluated by Pearson’s lin- but, asin mostagricultural crops, itis greatly influenced by
ear correlation analysis. growing conditions (Alekseyeva et al., 2004; Berry et al.,

Table 2. Biometric characteristics in the common buckwheat collection, mean across the years.
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UC0100167 83.6 42 35.8 18.5 16 5.8 4.4 25.2 25.0
UC0100188 83.2 5.6 39.0 19.2 12.3 5.8 5.2 36.5 25.2
UC0100192 66.3 52 315 19.6 96 55 37 303 22.1
UC0100195 79.4 48 372 205 12.4 53 3.8 314 259
UC0100261 96.4 5.6 348 15.9 14.4 6.0 5.4 459 437
UC0100286 88.1 6.5 373 18.1 12.4 48 4.4 355 276
UC0100963 98.5 52 375 16.6 12.4 5.4 4.2 47.4 37.9
UC0100992 705 5.4 333 237 9.8 4.9 4.1 35.2 238
UC0100999 67.1 5.1 32.1 13.3 12.7 48 33 317 237
UC0101005 68.7 6.2 35.0 21.2 10.5 4.1 3.9 38.3 243
UC0101006 753 6.2 3758 222 10.8 5.1 4.0 29.1 19.9
UC0101007 64.7 5.4 28.0 17 9.3 4.7 43 29.0 207
UC0101010 90.3 48 37.3 19.1 14 6.0 53 39.1 30.2
UC0101058 773 5.3 355 16.6 16 54 4.0 322 228
UC0100329 69.8 5.0 35.8 13.3 9.4 5.0 4.1 30.0 16.7
UC0101981 87.8 49 347 18.8 15 5.6 44 314 233
UC0101987 20.8 57 38.2 15.2 15 5.4 43 37.0 28.0
Uco101197 85.3 49 38.3 248 1.8 55 4.3 33.0 217
UC0102186 88.4 6.4 372 20.1 12.1 56 5.0 42.1 276
UC0102193 721 5.9 372 18.7 10.3 5.0 4.1 26.7 16.6
UC0102204 725 52 42.9 248 9.9 46 4.8 275 17.8
Min 64.7 4.2 28.0 1.7 9.3 4.1 3.3 25.2 16.6
Max 98.5 6.5 42.9 248 14.4 6.0 5.4 47.4 437
Std. error 2.3 0.1 0.7 0.8 0.3 0.1 0.1 1.3 1.4
Coeff. var 13.0 10.9 8.6 19.4 11.5 9.4 12.5 17.7 258




Chuiko and Tryhub (2025): Determinant buckwheat in the east of Ukraine

2015). Based on plant height, we grouped the collection
of determinant common buckwheat accessions in sever-
al groups. The tallest plants were recorded in accessions
UC0101010 (UA), UC0101987 (BY), UC0100261 (RU),
and UC0100963 (UA). The plant height ranged from 90.3
cm to 98.5 cm. The shortest plants (64.7-70.5 cm) were
in Ukrainian (UA) accessions: UC0100192, UC0100992,
UC0100999, UC0101005, and UC0101007. The coeffi-
cient of variation in this sample was medium (13.0%).
Such peculiarities of the plant height distribution in the
studied sample can be explained by their eco-geograph-
ical grouping and genetic features, which was also not-
ed in other studies (Amelin et al., 2020; Kasajima et al.,
2016; Kharchenko & Tryhub, 2018).

No significant differences were observed in the first
node location height and inflorescence attachment
height, which was evidenced by low coefficients of var-
iation for these traits (10.9% and 8.6%, respectively).
The height of the first node varied from 4.2 c¢m in acces-
sion UC0100167 (UA) to 6.5 cm in tetraploid buckwheat
UC0100286 (BY). The lowest attachment of inflorescenc-
es (28.0 cm) was detected in accession UC0101007 (UA)
and the highest (42.9 cm) - in accession UC0102204
(BY).

Branch attachment height is an important feature
of the buckwheat plant architectonics and affects the
productivity zone formation. In the collection under in-
vestigation, the coefficient of variation for this trait was
relatively high (19.4%). The smallest and largest values of
this trait were recorded for previously mentioned acces-
sions UC0101007 (UA) and UC0102204 (BY): 11.7 cm
and 24.8 cm, respectively.

The total number of internodes and the number of
internodes in the branching zone are genetically quite
stable, even allowing identification of genotypes by these
traits. In our studies, the coefficient of variation for these
traits was 11.5% and 9.4%, respectively. Accession sam-
ple UC0101007 (UA) had the fewest internodes (9.3)
and accession UC0100261 (RU) had the most internodes
(14.4). The number of primary branches on plants varied
from 3.3 (UC0100999 (UA)) to 5.4 (UC0100261 (RU)).

Medium and high coefficients of variation for the
studied buckwheat traits are typical for cross-pollinated
crops in most cases and were also noted in other stud-
ies on buckwheat (Bisht et al., 2018; Roik & Lytvyniuk,
2004; Kabanets et al., 2017).

A large number of inflorescences and their poor pro-
vision with photosynthetic surface are among central

problems in buckwheat growing. The mean leaf/inflores-
cence ratio per plant in this collection was 1.4:1.0 and,
depending on genotype, was higher (for example, 1.8:1.0
in UC0100329 (UA)) or lower (for example, 1.0:1.0 in
UC0100167 (UA) (Table 2).

Analyzing the collection for yield constituents, we
noted a pronounced year-to-year variability in the gen-
otypes. First of all, this can be attributed to different
meteorological conditions during the growing period and
the low amount of precipitation in 2024. It was found
that tetraploid buckwheat UC0100286 (BY) had the least
productive plants (1.1 + 0.3 g) and accession UC0101058
(UA) had the most productive ones (3.2 + 1.5 g.). A high
productivity of 2.5 + 1.8 g was also intrinsic to accession
UC0100167 (UA). The coefficient of variation for this
trait was high in the studied collection (23.8%), indicat-
ing big inter-accession differences.

Thousand-kernel weight is characterized by complex
genetic impact. Kernel and fruit coat sizes are inherited
independently, contributing to the evolvement of plants
with winged fruits (Alekseyeva et al., 2004). In our collec-
tion, tetraploid buckwheat UC0100286 (BY) showed the
greatest weight of thousand kernels (37.4 + 4.3 g). At the
same time, in the other diploid accessions and accessions
of different/unknown ploidy, the value of this trait var-
ied from 25.3 + 3.9 g (UC0101987 (BY)) to 33.0+ 1.0 g
(UC0101007 (UA)).

The number of kernels per plant and the number of
kernels per inflorescence are calculated indicators, which
are related to each other. High coefficients of variation
of 23.7% and 35.3%, respectively, were established for
these traits. We distinguished accessions with the high-
est values of these traits: UC0101058 (UA), UC0102186
(UA), UC0100167 (UA), and UC0100261 (RU), which
had 102.9 £35.6, 81.1 +68.6, 78.2 +48.5, and 77.5 +36.4
kernels per plant, respectively. Accessions UC0101058
(UA), UC0102186 (UA), and UC0100167 (UA) also had
a lot of kernels per inflorescence: 5.6 4.2, 3.0 £2.5, and
3.1 £1.8, respectively (Table 3).

Analyzing the obtained data on the yield structure, we
can conclude that the majority of buckwheat accessions
studied in the East of Ukraine were highly productive,
being, compared to studies in other ecological regions of
Ukraine and the world, within the mean range of 2.0-3.0
g/plant (Amelin et al., 2020; Kasajima et al., 2016; Roik &
Lytvyniuk, 2004; Bisht et al., 2018; Kabanets et al., 2017).

Correlation analysis revealed that there were no rela-
tionships between most of the investigated traits in this

10
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collection of buckwheat. Positive correlations were found
between plant height and the following characteristics:
inflorescence attachment height (r= 0.44), the number
of internodes (r= 0.73), the number of internodes in the
branching zone (r= 0.67), the number of branches (r=
0.61), the number of leaves (r= 0.67), and the number
of inflorescences (r= 0.77). In addition, there was a nega-
tive correlation between plant height and the number of

kernels per inflorescence (r=-0.52) (all r values are signif-
icant at P > 0.05).

It should be noted that the number of kernels per
inflorescence was also negatively correlated with the fol-
lowing traits: the number of internodes (r= -0.48), the
number of leaves (r= -0.55), and the number of inflores-
cences (r=-0.62). The number of kernels per inflorescence
was positively correlated with productivity per plant (r=

Table 3. Yield structure in the common buckwheat accessions, mean across the years.

National Catalog ID Productivity per plant, |Thousand-kernel weight, Number of kernels N|:1mber of kernels
g+ SE g+ SE per plant £ SE per inflorescence * SE
uco0100167 25+1.8 30.3+4.2 78.2 +48.5 3.1+1.8
uUCco0100188 2.0+2.2 257 £5.2 69.4 £72.3 2.8+2.8
uco0100192 2.1+1.2 26.7 £6.9 75.2 £25.3 3.4 10.9
uUCco0100195 2.0+1.1 28.9 £3.1 68.7 £+31.8 29+21
UC0100261 22411 28.6 +1.3 77.5 £36.4 1.8 £0.7
UC0100286 1.110.3 374143 28.3+4.8 1.0 £0.0
UC0100963 2115 26.9 3.4 73.2 +45.8 1.9+1.2
UC0100992 2015 35.3+4.6 52.9 +35.3 2.8+2.7
UC0100999 1.7 1.1 26.5 +4.3 62.3 £30.0 2.7 £+0.0
UCco101005 1.410.9 30.2 +4.1 445 +23.5 2.1+1.6
UC0101006 1.9+1.2 27.8+45 64.5 £32.1 3.312.0
uco0101007 2014 33.0+1.0 61.2 +39.5 32125
uco0101010 22421 30.2 7.8 64.4 £50.9 2.2+1.9
UC0101058 3.2+15 30.0 £3.9 102.9 £35.6 5.6 4.2
UC0100329 2.3+0.8 30.8 3.2 72.6 +17.4 48127
uco0101981 1.510.6 28.1£3.2 53.1 £14.3 2.3 +0.1
uco0101987 1.6 0.5 25.3 £3.9 62.2 +8.6 23104
uco0101197 1.4 £0.0 259 +0.2 55.1 £0.2 2.7 0.7
UC0102186 22+2.0 27.0 +1.3 81.1 +68.6 3.0+2.5
UC0102193 1.9+14 27.6 £3.8 64.0 +42.9 43135
UC0102204 1.4 0.7 27.6 £3.1 49.6 +21.7 32124
Min 1.1 25.3 28.3 1.0
Max 3.2 37.4 102.9 5.6
Std. error 0.1 0.7 3.3 0.2
Coeff. var 23.8 10.8 23.7 35.3

11
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0.63) and with the number of kernels per plant (r= 0.61).
Strong positive correlations were observed between pro-
ductivity and the number of kernels per plant (r= 0.93)
(all r values are significant at P > 0.05).

The peculiarity of the correlations in the buckwheat
collection under investigation is that there was no cor-
relation between plant productivity and thousand-ker-
nel weight (r= -0.05), unlike other agricultural crops,
which show strong correlations between these traits
(Fig. 2).

Thus, when creating high-yielding buckwheat culti-
vars, breeding should be based on the number of kernels
per plant and increased photosynthetic potential of the
plant to provide flowering and fruiting with macronu-
trients. Similar conclusions were also drawn by other re-
searchers and the correlation coefficients in their studies
largely confirm our findings (Kabanets et al., 2017; Bisht
et al., 2018; Strakholis et al., 2022).

Cluster analysis showed that the program logarithm
required about 45 Euclidean steps to incorporate all clus-
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Figure 2. Correlations between the studied characteristics in the determinant common buckwheat accessions.

PH - plant height; N1LH — first node location height; InfAH - inflorescence attachment height; BAH — branch attachment
height; NI - number of internodes; NIBZ - number of internodes in the branching zone; NB — number of branches; NL - number
of leaves; NInf - number of inflorescences; PP - productivity plant; TKW — thousand-kernel weight; NKP - number of kernels per

plant; NKInf — number of kernels per inflorescence.
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ters. We distinguished four major clusters of the studied
buckwheat accessions with a 25-step distance between
them.

Tetraploid buckwheat accessions UC0100286 (BY)
and UC0101058 (UA), due to their peculiarities of the
traits under investigation, formed two separate clusters
(clusters I and II), which were combined into one clus-
ter as the most similar ones as the Euclidean distance
was decreased. Cluster III formed by the program loga-
rithm consisted of two accessions: UC0100261 (RU) and
UC0100963 (UA), which had the largest photosynthetic
surface, the greatest number of inflorescences, and the
medium number of kernels per inflorescence. Cluster IV
was largest and included 17 accessions. This cluster was
divided into two major subclusters, which in turn formed
smaller subclusters as the Euclidean distance was de-
creased.

Of such subclusters, the subcluster consisting of acces-
sions UC0102186 (UA) and UC0100167 (UA) should be
singled out, as they were noticeable for rather high values
of yield constituents (plant productivity, thousand-kernel
weight, number of kernels per plant, and number of inflo-

rescences) and appeared to be most optimal in terms of
plant height, the first branch attachment height, and the
first inflorescence attachment height (Fig. 3).

Biplot analysis helped visualize relationships between
the buckwheat accessions and the investigated traits and
to establish major patterns in the data volume. From the
plot, several conclusions can be drawn. The first princi-
pal component (PC 1) and the second principal compo-
nent (PC 2) account for a significant portion of the data
variations, confirming their feasibility for analysis and
interpretation. PC 1 (X-axis) represents the greatest pro-
portion of the variations associated with such traits as
the number of kernels per plant. PC 2 (Y axis) introduces
additional variations, focusing on other traits, such as
plant height.

Most of the accessions are concentrated in the central
part of the plot (near the origin of coordinates). This at-
tests to their similarity in most of the investigated char-
acteristics. Distant points such as UC0100286 (left) and
UC0101058 (right) are potential outliers. Their distance
may be attributed to specific or unique values of the in-
vestigated traits.
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Figure 3. Cluster dendrogram.
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The NKP (number of kernels per plant) and PH (plant
height) vectors are at an acute angle, indicating a strong
positive correlation between these traits. Perpendicular
vectors (for example, PH and IAH (inflorescence attach-
ment height)) indicate weak or no relationship between
these traits. Traits with longer vectors, such as NKP and
PH, make greater contributions to the differences be-
tween accessions, suggesting their importance for select-
ing promising genotypes.

Of the unique accessions, UC0101058 and
UC0100286 were singled out, because UC0101058 had
a lot of kernels per plant, which confirms its high pro-
ductivity, and UC0100286, because it is distant from the
main cluster, suggesting specific agronomic characteris-
tics, which are primarily related to the ploidy level of this
accession (Fig. 4).

Multivariate statistics in breeding is an effective
method to select plant genotypes based on their useful
characteristics. Cluster analysis and principal component
analysis (PCA) are widely used methods in the breeding
of different crops: buckwheat (Han et al., 2024; Singh et
al., 2024; Vilchynska et al., 2017), wheat (Khodadadi et
al., 2011; Rufati & Manasievska, 2022), rapeseed (Mel-
nyk, 2013), sorghum (Enyew et al., 2021), etc. It is PC
biplot analysis that allowed us to analyze the genetic kin-
ship of the accessions or their distance.

CONCLUSION

The number of kernels per plant, the number of ker-
nels per inflorescence, and the photosynthetic potential
of plants were demonstrated to be the main character-

KC:I 1002886

40-

UC010096%_
PH UCO10028

Component 2

404

Companent 1

Figure 4. PC biplot.
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istics for the breeding of high-yielding determinant
buckwheat cultivars. Accessions UC0101058 (UA),
UC0102186 (UA), and UC0100167 (UA) showed the best
values of the yield constituents. Accession UC0101058
(UA) was noticeable for the highest productivity and
number of kernels (102.9 kernels/plant); accessions
UC0100167 (UA) and UC0102186 (UA) were character-

ized by optimal combinations of plant height, productiv-
ity and kernel weight. Cluster analysis resulted in four
clusters of genotypes. Despite the extreme weather fac-
tors in 2024, genotypes that can be used in determinant

common buckwheat breeding for increased adaptability
and productivity were selected for the conditions in the
East of Ukraine.

Figure 5. Terminal inflorescences of buckwheat plants of the determinant genotype originating from Poltava region (Ukraine),
with the number of the national catalog of genetic resources UC0100963.
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IZVLECEK

Izrazanje uporabnih lastnosti pri determinantnih rastlinah ajde na vzhodu Ukrajine

V ¢lanku so predstavljeni rezultati proucevanja zbirke determinantnih genotipov ajde (Fagopyrum esculentum Mo-
ench) na vzhodu Ukrajine. Namen $tudije je bil izbrati visoko produktivne in na stres odporne genotipe za zlahtnjenje.
Opazili smo precejénjo variabilnost biometri¢nih in agronomskih lastnosti med genotipi. Najvi§ja produktivnost (3,2
g/rastlino) je bila ugotovljena za vzorec UC0101058 (UA), najvedja teza tiso¢ zrn (37,4 g) pa za vzorec UC0100286
(BY). Obstajala je mo¢na pozitivna korelacija med 3tevilom semen na rastlino in produktivnostjo (r = 0,93). Z multiva-
riantnimi statisti¢nimi metodami smo razlo¢ili glavne skupine genotipov. Za nadaljnje zlahtnjenje so bili izbrani obe-
tavni vzorci (UC0100167 (UA), UC0101058 (UA) in UC0102186 (UA)). Z dvoplotno analizo glavne komponente (PC)
smo ovrednotili genetske odnose med proucevanimi akcesijami in genetsko oddaljenimi genotipi (UC0101058 (UA),
UC0100286 (BY) in UC0100963 (UA)), ki so bili identificirani kot potencialno izstopajodi.
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