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Abstract
In this paper, we discuss the key approaches and principles on which the construc-
tion of a harmonized, synthetic taxonomy of wheat should be based. Such taxon-
omy would meet the requirements of representatives of various scientific schools 
and be convenient to use. Over 25 years of studies on the expression and inheri-
tance of taxonomically important traits in the genus Triticum prompted us to build 
a taxonomy in which there will be a place not only for traditional wheat species and 
subspecies but also for man-made forms with unique expression levels of some 
features. The key principles of a synthetic taxonomy of wheat are: a) species ploidy 
level; b) genetic distance or relatedness among species, and c) stages of wheat 
domestication.
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1. Introduction

Wheat (Triticum spp.) is one of the most important agricultural crops worldwide pro-
viding a major source of calories and proteins for human consumption. Its productiv-
ity and quality directly influence global food security, underscoring the significance 
of research in this field (Schelepov et al., 2009; Takenaka et al., 2018). Wheat is also 
one of the most widely genetically studied plants, with genetic maps, karyotypes, and 
even the genome sequence already available (Edet et al., 2018).
Despite extensive genetic studies of the genus Triticum, the taxonomic positions of its 
species remain controversial. Specialists in wheat research, known as triticologists, 
from different countries often disagree on the fundamental principles that should un-
derpin wheat classification (Goncharov, 2009; 2012).
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The first wheat taxonomy was developed by Linnaeus (1753), who based his classifi-
cation on well-differentiated traits, such as spring versus winter growth habit or 
hulled versus naked grains. Körnicke (1885) later presented a more detailed, mor-
phology-based description of all known wheat taxa, introducing the division of 
species into varieties (in accordance with botanical nomenclature, not to be confused 
with cultivars). Until the mid-20th century, before the advent of genetic and cytolog-
ical research, the taxonomy of Triticum, in its various modifications, was built solely 
on classical comparative-morphological approaches, as summarized in the mono-
graph by Persival (1921).
Vavilov (1987) proposed an approach to constructing plant taxonomies using “radi-
cal traits” present across taxonomic groups. The enormous polymorphism of some 
Triticum species led Vavilov to investigate principles of species and intraspecific tax-
onomy, using wheat as a model. After extensive comparison of numerous accessions, 
he introduced the concept of a species’ radical traits – specific traits inherent to all 
forms within a species, whose constancy and stability were later confirmed by subse-
quent studies, providing a basis for their use as reliable taxonomic markers. 
Flaksberger (1935) further developed this approach and divided species into three 
groups according to ploidy levels. Later, Dorofeev et al., (1979) improved and imple-
mented one of the most widely used classifications of the genus Triticum, which re-
mains prevalent in CIS countries and Eastern European scientific institutions.
Observing that some wheat species with the same ploidy are difficult to differentiate 
and readily hybridize to produce fertile offspring with normal meiotic chromosome 
separation, Mac (1968; 1975) proposed grouping all wheat species into five categories 
based on ploidy and genetic relatedness and suggested recording radical genetically 
controlled traits as genetic formulas. This approach greatly reduced recognized 
species diversity, demoting many taxa to subspecies or varieties. More recent molec-
ular genetic data have supported aspects of this system, which is widely used in West-
ern Europe, the Americas, and Australia (Goncharov, 2009).
Cytogenetic classification was developed by Bowden (1959) and later revised by Mor-
ris and Sears (1967). Their system combined the genus Triticum with several Aegilops 
species, based on the fact that two of the three genomes of hexaploid wheat originated 
from Aegilops. This taxonomy recognized 40 species within the unified genus. How-
ever, because the two genera are morphologically distinct, the system has had limited 
practical value and is therefore rarely used by triticologists. Furthermore, since only 
certain Aegilops species (e.g., Ae. squarrosa/ Ae. tauschii and possibly a variety of Ae. 
speltoides) contributed to the wheat genome, the rationale for merging the genera re-
mains questionable.
The fourth version of the Angiosperm Phylogeny Group classification (APG 4) is now 
established, based on sequences of two chloroplast genes and one ribosomal gene 
(Byng et al., 2016). This approach has fundamentally improved higher-level an-
giosperm classification, yet its applicability for differentiating closely related wheat 
species and constructing the taxonomy of Triticum remains uncertain. Molecular ge-
netic and cytological studies have not conclusively identified specific polymorphisms 
distinguishing species. In fact, inter-cultivar differences in common species, such as 
T. aestivum L. and T. durum Desf., often overlap interspecies differences, although 
some distinctions exist between hulled and naked wheats (Edet et al., 2018; Curzon 
et al., 2019). Genotyping our wheat collection with five ISSR markers revealed no 
clear species-level genetic grouping, confirming the close relatedness of species 
(Kyrienko et al., 2018). Difficulties in constructing phylogenies for Triticum can be 
attributed to its recent evolution (~10,000 years ago), yielding too few nucleotide sub-
stitutions in molecular markers to resolve relationships fully (Vavilova et al., 2020).
Given the persistent disagreements and limitations in existing classifications, con-
structing a harmonized taxonomy of the genus Triticum remains a relevant and chal-
lenging task. Previous taxonomies, while valuable, present notable drawbacks that 
complicate their practical use. For instance, Goncharov’s taxonomy (Goncharov, 
2009; 2012) builds upon the investigations of Körnicke (1885), Flaksberger (1935), 
and Dorofeev et al. (1979), incorporating morphological and molecular genetic data 
to define 29 species organized into several sections. Despite its improvements, this 
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system introduces a section for man-made amphidiploids and species with unique 
expression of radical traits, which may lead to subjectivity in assigning species and 
potential destabilization of the taxonomy.
On the other hand, Mac taxonomy (Mac, 1968; 1975), edited by van Slageren (1994), 
reduces the number of species by emphasizing genetic formulas and pleiotropic 
genes, often merging morphologically and ecologically distinct species into a single 
species group. While this approach reflects genetic relatedness, it overlooks phyloge-
netic and ecological differentiation and complicates practical usage, especially for 
maintaining collections of underutilized wheat species (Goncharov, 2009; 2012).
Given these circumstances, we aim to explore the strengths and limitations of both 
Goncharov (2009; 2012) and Mac (1968; 1975) systems, with the objective of devel-
oping a more harmonized and practically useful taxonomy of wheat species that ac-
commodates both morphological and genetic perspectives. Our working hypothesis 
was that radical traits, traditionally emphasized in the wheat taxonomy established by 
Dorofeev et al. (1979) and later refined by Goncharov (2009; 2012), while valuable for 
conventional classification, should be critically reassessed, since they can be recom-
bined through hybridization and therefore cannot be considered fully reliable 
species-specific markers.
Considering the discrepancies among the most widely used wheat taxonomic sys-
tems, we propose a conceptual framework aimed at their harmonization and unifica-
tion. This framework outlines key principles that could logically integrate existing 
classifications into a coherent and practically convenient system, suitable for repre-
sentatives of different scientific schools and accommodating artificially created inter-
specific wheat hybrids with diverse expressions of taxonomically significant traits.
It should be noted that our conclusions regarding these taxonomically significant 
traits are based on morphological observations and analysis of their inheritance, 
without direct molecular or cytogenetic verification.

2. Materials and Methods

2.1. Plant materials

Collection specimens of underutilized wheat species as well as spring and winter 
bread and pasta wheat cultivars registered in Ukraine were taken for the experiments 
(Table 1). Later, hybrid offspring derived from crossing between species and sub-
species were investigated.
When selecting accessions for the study, priority was given to taxa that are carriers of 
taxonomically significant (“radical” sensu Vavilov) traits. These traits are known to 
determine species identity within the genus Triticum and, according to both literature 
and our long-term observations, they generally expressed consistently across envi-
ronments. Therefore, the presented collection adequately reflects the taxa under 
study and provides a reliable basis for the analysis of interspecific variation.

2.2. Characterization of the wheat growing conditions in the experiments

The field experiments were carried out in 2017–2021 in accordance with the require-
ments of field experimentation (Ermantraut et al., 2004). In 2017–2019, wheat was 
grown at the All-Ukrainian Scientific Institute of Breeding (AUSIB) located in the 
Kyivska Oblast (Kaharlytskyi District); in 2019–2021, wheat was grown at the State 
Biotechnology University (SBU) located in the Kharkivska Oblast (Kharkivskyi Dis-
trict). The SBU’s experimental base is located in the Left-Bank Forest-Steppe of 
Ukraine; the AUSIB’s experimental base – in the Right-Bank Forest-Steppe, where pre-
cipitation is usually more abundant and the climate is milder, favoring plant develop-
ment. In both locations, the soil is a typical chernozem. Legumes, pea or soybean, were 
forecrops for spring wheat. Wheat was sown manually, with a density of 400 seeds/m2.
The study years differed in temperature, humidity, disease prevalence, and pest load. 
The arid conditions in 2017 and 2018 proved to be particularly difficult for wheat de-
velopment; they affected the expression of major quantitative traits in wheat, including 
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the number of kernels per spike and caryopsis parameters, allowing evaluation of 
their variability. At the same time, the taxonomically significant traits (e.g., spike 
morphology, glume length, caryopsis shape), used as the basis of this study, remained 
sufficiently stable across environments, confirming their value as diagnostic criteria.
Different wheat subspecies and species were crossed with the traditional method us-
ing the twirl technique for pollination and applying pollen to stigmata (Chekalin et 
al., 2008). Hybridological analysis was initiated in 2019. F2 plants with unique expres-
sion of morphological traits were selected. The inheritance of these traits was studied 
in F3 and F4, with the most informative plants retained in each generation. Since the 
traits under investigation are predominantly monogenically inherited, with only mi-
nor modification by small polygenes, they could be stably expressed already in early 
hybrid generations. Our long-term observations (e.g., T. polonicum covar. × super-
polonicum, registered in 2009 and still expressing elongated glumes) confirm that 
these traits remain stable in subsequent generations as well.

2.3. Measurements and statistical processing of data

The laboratory analyses included assessments of collection specimens and hybrids for 
expression of major morphological features that determine taxonomic affiliation in 

Table 1 Passport information on underutilized wheat accessions and check cultivars of bread and pasta wheat.

Subspecies Ploidy 
2n=

Name and/or ID in 
the National Catalog 

Country/region 
of origin 

Notes, pedigree 

Spring wheat

T. durum Desf. 28 ‘Spadshchyna’ UA0201075 Ukraine, Kharkiv region var. hordeiforme

T. ispahanicum Heslot. 28 UA0300070 Iran v. ispahanicum

T. polonicum L. 28 UA0300220 Syria f. epruinosa

T. polonicum L. 28 UA0300384 Syria

T. polonicum covar. 
× superpolonicum

28 – Ukraine Kharkiv region T. polonicum / 
T. ispahanicum

T. turanicum Jakubz. 28 UA0300454 Uzbekistan v. notabile

T. carthlicum Nevski. 28 UA0300062 Georgia v. persicum

T. carthlicum Nevski. 28 UA0300068 Armenia v. rubiginosum

T. carthlicum Nevski. 28 ‘Mulatka’ Ukraine, Kyiv region T. carthlicum / T. durum 
cv. ‘Kharkivska 46’

T. aestivum L. 42 ‘Kharkivska 28’, UA0103074 Ukraine, Kharkiv region

T. spelta L. 42 UA0300074 Italia v. coeruleum

T. compactum Host., 42 ‘Harrison Barbee’, UA0300245 US v. griseoicterinum

T. sphaerococcum Pers 42 UA0300343 Pakistan v. echinatum

T. petropavlovskyi Udacz. 
et Migusch.

42 UA0300106 China

Winter wheat 

T. aestivum L. 42 ‘Podolianka’, UA0104204 Ukraine, Kyiv region

T. sphaerococcum Pers 42 ‘Yeremeyevna’, UA0300518 Russia, Krasnodar

T. compactum Host. 42 UA0300483 US v. artrum var. spicatum

T. petropavlovskyi Udacz. 
et Migusch.

42 UA0300106 China, Xinjiang



R. Rozhkov et al. / Syntetic taxonomy of wheat

Acta Agrobotanica / 2025 / Volume 78 / Article 214751
Publisher: Polish Botanical Society & University of Warmia and Mazury in Olsztyn

5

the genus Triticum. In particular, in the presented study, we measured spike rachis 
length (cm) with a ruler; spike density (D) was determined by the following formula:

D = (number of spikelets – 1) × 10 / spike rachis length
The thousand-kernel weight was calculated as (weight of kernels per spike / number 
of kernels) × 1,000; the number of kernels per spike was calculated as (number of 
kernels / number of spikelets). A caliper was used to measure the glume and awn 
lengths as well as the caryopsis length, width, and thickness in the first two flowers 
taken from the most developed part – the upper third of the lower part of the spike.
The analysis of spikelet parts showed significant differences between the first and sec-
ond flowers in the studied accessions (Rozhkov et al., 2020). Therefore, further anal-
ysis of these features was carried out separately for the first and second flowers of the 
spikelet. To eliminate differences in caryopsis parameters between accessions and 
species for inter-accession comparisons, averaged parameters for the first and second 
flowers were used.
When assessing taxonomic differences between the studied species, we used our own 
caryopsis indices enabling comparisons between wheat species and cultivars based 
on morphological parameters: large-grained and spherical-grained (Rozhkov, 2018; 
Rozhkov et al., 2023).
In particular, to determine sphericity, we used the following formula:

I_gr = L_g / (W_g + T_g)
where I_gr – grain roundness index, L_g – grain length, W_g – grain width, T_g – grain thickness. 
We assumed that, if I_gr was close to 0.5, the caryopsis was almost spherical. The higher this index was, 
the more elongated the caryopsis was.

To determine the grain size (Igs, grain size index), we multiplied all the linear parameters:
I_gs = L_g × W_g × T_g

This index approximates caryopsis volume, without considering plumpness, oblique-
ness, or crease depth, and thus describes its size.
The sample size for each species and cultivar was 10 specimens. This number was 
sufficient to capture the stable, monogenically inherited traits used in the study, since 
their expression does not fluctuate significantly across environments or generations.
Statistical processing included calculations of the mean (x̄) standard deviation (S), 
significance of differences between the means at the 0.05 level, and variation limits by 
years (Zar, 2010). Calculations were performed in Microsoft Excel.
Thus, the selected plant material and experimental design provide a basis for identi-
fying taxonomically significant traits and patterns of their inheritance, while ac-
knowledging that minor environmental or genetic variations may occur.

3. Results

Our research on the inheritance of taxonomically significant traits in interspecific hy-
brids within the genus Triticum provided the basis for developing a conceptual 
framework of synthetic taxonomy. The hybridization resulted in numerous new 
wheat forms with unique combinations of such traits (Figures 1, 2), some of which 
fall outside the currently recognized taxonomic categories of wheat.
From the cross between the subspecies polonicum and ispahanicum, a distinct line 
was obtained and designated as × superpolonicum (Figure 1). This form had markedly 
longer glumes and caryopses compared to the parental accessions (Table 3). However, 
in appearance, it differed from Polish wheat: its glumes and caryopses were relatively 
narrower (Rozhkov, 2009). Transgressive forms with similarly altered glume length 
were also observed in ssp. polonicum × ssp. turanicum and ssp. petropavlovskyi × ssp. 
ispahanicum combinations.
The presence of an additional awn on the glume (tetra-awny) represents another tax-
onomically significant trait in some hexaploid wheat subspecies (here and below, 
taxa are presented according to our classification, Table 4). It is most strongly ex-
pressed in the tetraploid subspecies T. carthlicum Nevski and is one of the key traits de-
termining its taxonomic affiliation (Rozhkov et al., 2014; Dobrovolskaya et al., 2020). 
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Figure 1 Interspecific hybrid tetraploid wheat forms with unique expression of radical traits.
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Attempts to obtain tetra-awny tetraploid forms with a phenotype distinct from that 
of carthlicum through carthlicum × polonicum or carthlicum × durum crosses were 
unsuccessful. Among the progeny different from Persian wheat, only forms with elon-
gated teeth (0.5 cm) were observed. However, incongruent crosses between hexaploid 
ssp. petropavlovskyi and tetraploid ssp. polonicum and ssp. durum yielded typical 
morphotypes of tetraploid subspecies with a well-developed awn on the glume in the 
F2 generation (Figure 1).
In addition to the tetra-awny trait, Persian wheat is characterized by a loose spike, 
which initially led to its misidentification as bread wheat (Vavilov, 1987). As noted 
above, no stable tetra-awny forms were obtained from carthlicum × polonicum crosses. 
Nevertheless, stable Polish wheat-like lines with a very loose spike (D = 12–13.5 
spikelets per 10 cm) were selected (Table 3), whereas in the parental forms, polonicum
(UA0300220) and carthlicum (UA0300068), the spike density (D) was in the range of 
17–18.5 and 13.8–19.7, respectively, in the observation years.

Figure 2 Interspecific hybrid hexaploid wheat forms with unique expression of radical traits.
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Table 2 Genetic control of radical traits in wheat species and subspecies.

Gene regulating 
the feature 
expression 

Localization 
of the genetic 
complex

Genetic effect on 
the expression 
of radical features

Species and subspecies – 
carriers of genetic complexes 

Peculiarities 
of inheritance 

1 2 3 4 5

Q (spelt factor) 5 AL Speltoid spikes in 
hexaploid wheats, 
hoodness, brittle spikes 

ssp. T. dicoccum (Schrank) Schübl.
ssp. T. ispahanicum Heslot.
ssp. T. karamyschevii Nevski.
ssp. T. spelta L.
ssp. T. kuckuckianum Gökg.
ssp. T. macha Dek. et Men.
ssp. T. vavilovii Jakubz.

Monohybrid 3:1

Qb (spelt factor) Speltoid spike in 
T. diccocoides

T. diccocoides (Koern. ex Aschers. 
et Graebn.) Schweinf.

q 5 AL Naked species ssp. T. turgidum L.
ssp. T. jakubzineri Udacz. et Schachm.
ssp. T. durum Desf.
ssp. T. turanicum Jakubz.
ssp. T. aethiopicum Jakubz.
ssp. T. polonicum L.
ssp. T. carthlicum Nevski
ssp. T. compactum Host. 
ssp. T. aestivum L.
ssp. T. sphaerococcum Persiv. 
ssp. T. petropavlovskyi Udacz. et Migusch.

Br1 (brittle rachis)
Br2
Br3

3D
3A
3B

Brittle spikes ssp. T. tibetanum (Shao) N. Contsch.
ssp. T. boeoticum Boiss.
ssp. T. diccocoides (Koern. ex Aschers. 
et Graebn.) Schweinf.

br1
br2
br3

3D
3A
3B

Non-brittle spikes ssp. T. turgidum L.
ssp. T. jakubzineri Udacz. et Schachm.
ssp. T. durum Desf.
ssp. T. turanicum Jakubz.
ssp. T. aethiopicum Jakubz.
ssp. T. polonicum L.
ssp. T. carthlicum Nevski
ssp. T. compactum Host. 
ssp. T. aestivum L.
ssp. T. sphaerococcum Persiv. 
ssp. T. petropavlovskyi Udacz. et Migusch.

Tg (Tenacious 
glumes)

2 D Speltoid spikes ssp. T. petropavlovskyi Udacz. et Migusch.
ssp. T. yunnanense (King) N. Contsch.

Mon 2 AS Monococcum-like spike T. monococcum L. Monohybrid 3:1

mon 2 AS Sinskajae-like spike 
(very dense)

T. sinskajae A. Filat. et Kurk.

Sog 2 AS Hoodness T. monococcum L. Monohybrid 3:1

sog 2 AS Naked grain T. sinskajae A. Filat. et Kurk.

ta (tetraaristata) 5 AL “Tetra-awny” or 
Persian-like phenotype 
(additional awn on the 
glume)

ssp. T. carthlicum Nevski Dihybrid (?)*

tap (tetraaristata 
petropavlovskyi
type)

(?)** - //-//- ssp. T. petropavlovskyi Udacz. et Migusch Monohybrid 3:1
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Besides tetraploid ssp. polonicum, hexaploid ssp. petropavlovskyi also carries the 
P gene (Watanabe & Imamura, 2002). In the F2 generation of ssp. petropavlovskyi × ssp. 
turanicum, plants with a Polish wheat-like phenotype and spike length of 25.1–31.6 
mm were selected. Some of these also exhibited spike branching and an additional 
awn on the glume (tetra-awny). These traits were inherited in the F3 and F4 genera-
tions (Figure 1, Table 3).

1 2 3 4 5

p*** (long glumes) 7 AL Polonicum-like 
phenotype – long 
glumes and lemmata on 
elongated caryopses

ssp. T. polonicum L.
ssp. T. petropavlovskyi Udacz. et Migusch.

Monohybrid 1:2:1

Dihybrid 7:6:3

pt**** (long 
glumes)

(?) Elongated glumes and 
lemmata, large caryopses

ssp. T. turanicum Jakubz.

Pi (long glumes) 7 BL Elongated glumes and 
lemmata, large caryopses, 
elongated caryopses

ssp. T. ispahanicum Heslot. Monohybrid 1:2:1

s-1 
(sphaerococcum
factor)

3 D Spheroid kernels ssp. T. sphaerococcum Persiv. Monohybrid 3:1

st***** 
(sphaerococcum
factor turgidum
type)
sat*****
(sphaerococcum
factor 
aethiopicum type)

(?) Spheroid kernels in 
tetraploid forms

ssp. T. turgidum L.

ssp. T. aethiopicum Jakubz.

С (club spike 
shape)
Ср (compact plant)

2 DL
5 AL

Compactness (dense 
spikes)

ssp. T. compactum Host. Monohybrid 3:1

Cm****** (club 
spike shape macha
type)

Dense spikes ssp. T. macha Dek. et Men.

bh (brachiatus) 2 AS Branched spikes ssp. T. turgidum L. Monogenic 3:1

BhV (brachiatus 
vavilovy type)

Pseudo-branched spikes ssp. T. jakubzineri Udacz. et Schachm.
ssp. T. vavilovii Jakubz.

* When studying the “tetra-awny” trait inheritance in the ‘ssp. carthlicum and ssp. durum’ combination, we elucidated that that more than one gene was 
responsible for the expression of this trait (Rozhkov, et al., 2014)
** Given the differences in the “tetra-awny” trait inheritance in combinations derived from ssp. carthlicum and ssp. petropavlovskyi (Rozhkov, et al., 
2014), we assume that different, non-allelic genes may be responsible for this trait. Currently, these genes are being tested for allelism.
*** Most publications reported the dominant inheritance of the p gene; however, according to our data (Rozhkov, 2006a; Rozhkov, 2006b), when 
hybridizing T. petropavlovskyi with bread wheat and T. polonicum with durum wheat, a slight dominance of short-glumed cultivars over polonoid 
species was observed in all F1 populations; therefore, based on our findings, the p gene, which determined long glumes, is considered as a recessive one.
**** Elongated glumes are inherent in ssp. T. turanicum Jakubz.; according to our long-term observations, in a Khorasan wheat accession (UA0300454), 
the glume was 15.1 cm long. A check for allelism with ssp. T. polonicum (p gene carrier) and ssp. T. ispahanicum Heslot. (Pi gene carrier) showed that 
the long-glume gene of ssp. T. turanicum was not allelic to the previously identified genes of polonoid species; therefore, we designated the long-glume 
gene in ssp. T. turanicum as pt.
***** In addition to hexaploid wheat ssp. T. sphaerococcum Persiv., in which the grain sphericity gene is localized on chromosome 3D, subspecies ssp. 
T. turgidum and ssp. T. aethiopicum with spherical kernels and inflated glumes are distinguished among tetraploid forms. In particular, based on our 
long-term observations, the mean sphericity index (Igr) in a ssp. T. turgidum accession (UA0300110) was 1.03; on the other hand, in ssp. durum, this 
index turned out to be significantly higher, ranging from 1.15 to 1.24 depending on cultivars. The grain sphericity in tetraploid species is attributed to 
a specific gene, which is similar in its expression to the s1 gene in ssp. T. sphaerococcum. We designated this gene in ssp. T. turgidum as st, while for the 
ssp. T. aethiopicum gene, we proposed the designation sat. At present, we do not know whether these genes are allelic or not.
****** The gene responsible for spike density in ssp. T. macha turned out to be non-allelic to the C gene in T. compactum; therefore, we designated it as Cm.

Table 2 Genetic control of radical traits in wheat species and subspecies (cd.).
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Accession, Nat. Catalog ID Year of 
study

Spike rachis 
length, cm

Spike Density Glume length, 
mm

Awn length, 
mm

Thousand-
kernel weight, 
g

Number of 
kernels per 
spikelet

Grain size 
index (Igs)

Grain 
sphericity 
index (Igr)

x̄ S x̄ S x̄ S x̄ S x̄ S x̄ S x̄ S x̄ S

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Spring wheat

T. durum cv. ‘Spadshchyna’ 2017 6.46 0.77 35.8 2.81 36.4 7.70 1.61 0.48 – – – –

2018 7.48 1.33 24.3 1.86 12.1 1.09 1.75 0.29 43.7 4.28 2.08 0.43 87.6 15.4 1.26 0.06

2019 6.33 1.03 24.7 1.95 11.6 0.85 2.25 0.34 45.8 5.47 2.41 0.36 80.3 13.3 1.18 0.08

2020 8.79 1.05 22.2 2.15 12.3 0.86 1.95 0.37 37.3 8.54 2.76 0.42 71.1 16.2 1.33 0.11

2021 7.43 0.86 24.3 1.84 41.9 4.92 3.19 0.48 81.2 8.96 1.17 0.06

Variation limits / mean 6.46-8.79 / 7.30 22.2-35.8 / 26.3 11.6-12.3 / 12.0 1.75-2.25 / 2.01 36.4-45.8 / 41.0 1.61-3.19 / 2.41 71.1-87.6 / 80.1 1.17-1.33 / 1.24

T. ispahanicum UA0300070 2017 4.30 0.46 28.4 1.06 14.2 0.43 28.9 3.91 1.49 0.16 45.3 6.11 1.85 0.02

2018 6.16 0.55 22.7 0.64 15.6 0.84 32.3 5.34 1.52 0.14 56.5 8.86 1.89 0.07

2019 5.34 0.60 25.5 2.11 13.8 1.23 0.92 0.25 28.5 8.32 1.64 0.08 43.8 15.5 1.92 0.16

2020 6.13 0.66 25.2 1.31 14.7 1.18 19.6 5.31 1.51 0.19 36.0 7.68 2.01 0.17

2021 6.14 0.52 26.1 0.98 14.5 0.56 31.8 2.22 1.79 0.16 56.1 5.20 1.82 0.06

Variation limits / mean 4.30-6.16 / 5.61 22.7-28.4 / 25.6 13.8-15.6 / 14.6 19.6-32.3 / 28.2 1.49-1.79 / 1.59 36.0-56.5 / 47.5 1.82-2.01 / 1.90 1.17-1.33 / 1.24

convar. × superpolonicum 
(T. polonicum / T. ispahanicum)

2017 4.98 0.55 24.1 2.70 28.3 1.95 42.4 6.84 1.60 0.20 75.3 7.29 1.60 0.04

2018 6.70 0.34 24.9 2.62 30.5 3.54 1.20 0.22 37.6 6.27 1.81 0.30 65.3 13.2 1.80 0.26

2019 7.21 0.76 21.6 2.74 35.7 1.33 1.57 0.17 32.6 3.81 1.71 0.33 57.5 6.12 1.76 0.07

2020 7.84 0.62 21.8 1.46 34.7 1.82 1.82 0.21 26.5 5.73 1.44 0.31 55.0 11.44 1.84 0.26

2021 6.97 0.61 22.5 1.68 33.9 1.54 35.7 1.23 1.97 0.15 70.3 9.60 1.60 0.07

Variation limits / mean 4.98-7.84 / 6.74 21.6-24.9 / 23.0 28.3-35.7 / 32.6 1.20-1.82 / 1.53 26.5-42.4 / 35.0 1.44-1.97 / 1.71 55.0-75.3 / 64.7 1.60-1.84 / 1.72

T. polonicum UA0300220 2017 6.38 0.65 23.3 1.62 21.3 1.74 48.0 2.27 1.77 0.27 72.8 8.01 1.19 0.06

2018 8.66 0.72 18.2 1.29 24.2 1.91 45.6 2.91 1.50 0.09 88.6 14.1 1.18 0.08

2019 8.52 0.94 20.4 1.42 24.6 1.58 1.07 0.29 43.8 8.11 1.37 0.32 71.9 14.9 1.21 0.06

2020 11.1 1.30 17.0 1.78 26.0 2.11 1.34 0.38 24.3 8.67 0.78 0.26 56.7 7.48 1.27 0.13

2021 9.36 0.66 18.5 1.07 28.8 1.33 45.9 4.28 1.76 0.20 81.6 14.75 1.15 0.07

Variation limits / mean 6.38-11.1 / 8.80 17.0-23.3 / 19.5 21.3-28.8 / 25.0 1.07-1.34 / 1.21 24.3-48.0 / 41.5 0.78-1.77 / 1.44 56.7-88.6 / 74.3 1.15-1.27 / 1.20

Table 3 Expression of radical traits in interspecific hybrids and parental forms.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

T. polonicum UA0300384 (SYR) 2017 4.42 0.61 29.4 5.41 22.9 2.72 61.2 5.12 1.60 0.33 101.3 4.29 1.47 0.11

2018 6.44 0.86 24.5 2.52 25.6 3.43 2.23 0.61 65.4 6.20 1.93 0.32 134.6 12.49 1.41 0.10

2019 5.92 0.78 25.3 1.88 27.0 1.97 2.55 0.71 66.1 6.82 2.20 0.35 120.9 18.1 1.36 0.05

2020 7.22 1.01 21.5 2.40 28.5 2.85 2.01 0.62 59.8 6.83 1.96 0.29 126.6 27.23 1.31 0.10

2021 5.99 0.59 25.4 1.80 27.9 2.64 3.09 1.77 62.2 3.02 2.19 0.54 109.3 10.23 1.36 0.06

Variation limits / mean 4.42-7.22 / 6.00 21.5-29.4 / 25.2 22.9-28.5 / 26.4 2.01-3.09 / 2.47 59.8-66.1 / 62.9 1.60-2.20 / 1.98 101.3-134.6 / 
118.5

1.31-1.47 / 1.38

convar. × solutam (T. polonicum 
/ T. carthlicum)

F3 2020 13.3 12.0 26.5 36.2 2.35 67.1 1.29

F4 2021 12.8 13.5 25.5 38.5 2.20 70.5 1.22

Mean 13.1 12.8 26 37.4 2.28 68.8 1.26

T. carthlicum UA0300068 2017 5.98 0.50 21.5 1.32 27.8 6.09 2.26 0.64

2018 7.44 0.71 20.0 1.71 32.3 3.81 2.38 0.45

2019 8.34 0.82 20.0 1.76 10.4 0.66 31.3 9.16 28.0 3.89 1.52 0.29 47.7 8.33 1.21 0.08

2020 11.4 1.29 13.8 1.07 29.0 6.27 2.40 0.30 – – – –

2021 7.75 0.92 19.7 1.13 10.1 0.37 32.7 8.08 27.5 4.89 2.16 0.44 46.4 8.83 1.19 0.07

Variation limits / mean 5.98-11.4 / 8.18 13.8-21.5 / 19.0 10.1-10.4 / 10.3 31.3-32.7 / 32.0 27.5-32.3 / 28.9 1.52-2.40 / 2.14 46.4-47.7 / 47.1 1.19-1.21 / 1.20

T. carthlicum convar. 
× persicoides cv. ‘Mulatka’ 
(T. carthlicum / T. durum)

2017 5.28 0.42 29.5 2.37 23.1 18.5 31.2 4.80 1.54 0.32 61.7 9.42 1.22 0.08

2018 7.90 0.98 23.7 1.43 13.4 5.29 16.5 8.24 45.7 3.60 2.86 0.39 80.5 8.53 1.13 0.04

2019 5.92 0.55 27.2 0.76 10.1 0.60 18.0 13.1 38.1 4.13 2.09 0.38 65.5 9.29 1.16 0.08

2020 9.03 0.88 21.8 2.02 10.3 0.81 18.1 18.9 30.6 6.14 2.21 0.51 55.8 10.84 1.24 0.09

2021 7.47 1.11 23.6 2.52 31.5 25.5 38.9 2.41 2.60 0.35 68.1 6.90 1.14 0.04

Variation limits / mean 5.28-9.03 / 7.12 21.8-29.5 / 25.2 10.1-13.4 / 11.3 16.5-31.5 / 21.4 30.6-45.7 / 36.9 1.54-2.86 / 2.26 55.8-80.5 / 66.3 1.13-1.24 / 1.18

T. carthlicum UA0300062 2017 3.54 0.18 30.5 2.04 40.0 28.6 30.9 2.92 1.77 0.14 52.5 2.48 1.35 0.04

2018 5.58 0.65 33.1 1.33 11.0 0.42 38.3 18.7 20.9 2.98 0.98 0.32 41.1 4.70 1.46 0.07

2019 5.36 0.77 27.7 5.04 10.7 0.46 56.0 11.6 35.6 1.92 1.23 0.37 48.6 12.67 1.23 0.06

2020 7.31 0.49 24.0 1.94 10.9 0.62 62.6 17.1 34.2 3.23 1.94 0.34 55.1 4.65 1.22 0.07

2021 6.28 0.42 25.8 1.25 10.7 0.58 76.8 15.2 32.4 3.06 2.12 0.30 56.6 5.97 1.28 0.06

Variation limits / mean 3.54-7.31 / 5.61 24.0-33.1 / 28.2 10.7-11.0 / 10.8 38.3-76.8 / 54.6 20.9-35.6 / 30.8 0.98-2.12 / 1.61 41.1-56.6 / 50.8 1.22-1.46 / 1.31

Table 3 Expression of radical traits in interspecific hybrids and parental forms (cd.).
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

T. turanicum UA0300454 2017 6.24 0.34 18.0 1.62 14.2 0.67 73.8 25.5 1.53 0.45 109.4 15.2 1.70 0.12

2018 9.20 0.42 16.3 1.48 15.8 0.39 0.93 0.13 38.2 15.1 1.73 0.19 74.8 17.1 1.98 0.21

2019 6.73 1.38 16.6 2.27 14.7 0.88 1.75 1.09 56.9 10.0 1.89 0.26 94.3 18.9 1.67 0.16

2020 9.59 1.12 14.7 1.55 15.7 0.23 1.15 0.37 47.6 17.3 2.14 0.37 90.0 28.9 1.81 0.18

2021 6.71 1.54 16.2 1.92 15.1 0.67 58.7 9.79 2.68 0.28 99.8 12.5 1.73 0.13

Variation limits / mean 6.24-9.59 / 7.69 14.7-18.0 / 16.4 14.2-15.8 / 15.1 0.93-1.75 / 1.28 38.2-73.8 / 55.0 1.53-2.68 / 1.99 74.8-109.4 / 93.7 1.67-1.98 / 1.78

convar. × tetraspino-polonicum 
(T. petropavlovskyi / T. turanicum)

F3 2020 12.0 18.7 31.6 23.2 23.2 0.69 – –

F4 2021 7.8 28.2 25.1 41.9 20.9 0.48 57.1 1.17

Mean 9.9 23.5 28.4 32.6 22.1 0.59 57.1 1.17

T. petropavlovskyi UA0300106 2017 7.52 0.82 16.2 1.29 50.9 5.64 2.27 0.52

2018 10.3 1.30 18.5 1.97 13.5 0.72 16.4 4.40 48.8 6.54 1.71 0.32 85.5 14.73 1.13 0.07

2019 8.90 0.83 16.9 0.85 13.8 0.49 17.4 4.02 40.9 7.03 2.18 0.29 70.3 11.21 1.22 0.06

2020 12.7 1.12 15.8 1.95 14.2 1.35 15.7 3.78 46.3 4.07 2.05 0.36 83.0 8.64 1.14 0.08

2021 12.6 0.98 14.8 1.19 14.3 0.65 13.5 3.85 51.1 6.60 2.58 0.20 89.1 11.32 1.09 0.04

Variation limits / mean 7.52-12.7 / 10.4 14.8-18.5 / 16.4 13.5-14.3 / 14.0 13.5-17.4 / 15.8 40.9-58.8 / 47.6 1.71-2.58 / 2.16 70.3-89.1 / 82.0 1.09-1.22 / 1.15

convar. petroramosus (T. spelta 
(ITA) / T. petropavlovskyi)

F3 2020 17.3 11.1 17.5 4.2 32.3 1.96 56.8 1.23

F4 2021 19.2 10.4 16.0 26.4 5.10 63.1 1.31

Mean 18.3 10.8 16.8 4.2 29.4 3.53 60.0 1.27

T. spelta UA0300074 2017 10.8 1.07 13.7 0.26 46.1 2.46 1.67 0.07

2018 15.1 1.94 12.2 0.25 11.7 0.69 1.37 0.09 31.3 5.54 1.79 0.38 61.8 12.70 1.54 0.13

2019 12.2 1.87 14.3 1.69 10.7 0.57 1.11 0.24 47.5 5.71 1.45 0.37 79.3 9.56 1.39 0.08

2020 15.6 1.83 11.7 1.12 11.8 0.45 1.47 0.27 35.0 9.10 2.23 0.45 59.7 11.63 1.49 0.04

2021 16.0 1.54 12.6 0.94 11.5 0.72 1.31 0.27 44.0 4.38 2.13 0.29 77.3 6.49 1.42 0.07

Variation limits / mean 10.8-16.0 / 13.9 11.7-14.3 / 12.9 10.7-11.8 / 11.4 1.11-1.47 / 1.32 31.3-47.5 / 40.8 1.67-2.23 / 1.80 59.7-79.3 / 69.5 1.39-1.54 / 1.46

T. compactum ‘Harrison Barbee’ 2017 3.61 0.10 37.2 2.80 30.0 1.55 2.26 0.38

2018 4.62 0.47 36.3 1.37 7.76 0.29 5.40 1.42 30.0 1.44 1.86 0.33 48.1 6.67 0.94 0.03

2019 4.94 0.24 35.9 1.70 8.01 0.31 6.24 1.69 24.7 1.97 2.74 0.24 40.7 3.72 0.97 0.04

2021 5.31 0.66 32.5 3.26 7.95 0.48 4.54 1.23 28.1 3.02 2.98 0.26 48.6 5.47 0.95 0.07

Variation limits / mean 3.61-5.31 / 4.62 31.7-44.4 / 35.5 7.76-8.01 / 7.91 2.54-8.92 / 5.39 24.7-32.0 / 28.2 1.86-3.24 / 2.46 40.7-56.0 / 45.8 0.88-0.97 / 0.95

Table 3 Expression of radical traits in interspecific hybrids and parental forms (cd.).
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

T. sphaerococcum UA0300343 2017 5.42 0.27 25.9 1.57 34.7 3.40 1.95 0.07

2018 6.21 0.70 26.9 2.57 6.73 0.61 1.86 0.30 31.1 2.97 1.98 0.32 53.2 5.71 0.74 0.03

2019 5.00 0.75 30.6 2.81 6.07 0.35 1.66 0.30 28.7 1.49 1.91 0.20 50.3 4.62 0.73 0.03

2020 7.62 0.87 21.9 1.45 6.86 0.57 2.12 0.34 32.1 2.84 1.85 0.36 56.8 8.74 0.77 0.04

2021 5.78 0.77 24.9 1.69 6.32 0.38 2.16 0.29 27.4 1.52 1.87 0.39 50.6 7.17 0.76 0.06

Variation limits / mean 5.00-7.62 / 6.01 21.9-30.6 / 26.0 6.07-6.86 / 6.50 1.66-2.16 / 1.95 27.4-34.7 / 30.8 1.85-1.98 / 1.91 50.3-56.8 / 52.7 0.73-0.77 / 0.75

T. aestivum ‘Kharkivska 28’ 2017 6.90 0.51 19.5 1.27 37.5 3.84 3.01 0.40

2018 9.16 0.84 18.8 1.20 9.02 0.42 1.22 0.26 39.5 3.83 1.44 0.30 72.7 7.72 0.89 0.04

2020 11.1 1.08 16.9 1.19 9.81 0.40 1.65 0.24 23.2 6.94 2.05 0.34 46.0 12.3 1.00 0.05

2021 8.85 1.01 17.8 0.95 9.04 0.35 1.70 0.31 39.5 2.92 2.66 0.29 67.7 5.98 0.93 0.07

Variation limits / mean 6.90-11.1 / 9.00 16.9-19.5 / 18.3 9.02-9.81 / 9.29 1.22-1.70 / 1.52 23.2-39.5 / 34.9 1.44-3.01 / 2.29 46.0-72.7 / 62.1 0.89-1.00 / 0.94

Winter wheat

T. aestivum ‘Podolianka’ 2017 6.62 0.94 24.9 1.89 45.3 3.73 2.02 0.16

2018 7.22 0.65 22.7 1.77 49.8 4.38 2.30 0.44

2020 7.04 0.54 23.1 1.22 42.4 3.24 2.25 0.20 67.4 6.35 0.96 0.03

2021 8.19 0.42 22.5 0.74 8.60 0.32 1.20 0.13 42.9 4.01 2.57 0.19 71.8 6.84 1.00 0.05

2022 9.03 0.49 20.7 1.06 8.88 0.30 50.0 2.45 3.38 0.18 85.9 6.26 0.93 0.04

Variation limits / mean 6.62-9.03 / 7.62 20.7-24.9 / 22.8 / 8.74 42.4-50.0 / 46.1 2.02-3.38 / 2.50 67.4-85.9 / 75.0 0.93-1.00 / 0.96

T. sphaerococcum ‘Yeremeyevna’ 2017 5.49 0.72 32.3 3.45 42.7 3.23 2.68 0.49

2018 4.38 0.29 34.5 1.27 6.62 0.32 1.01 0.20 35.5 4.29 2.31 0.23 53.4 6.25 0.82 0.04

2020 5.63 0.59 32.6 1.90 39.3 3.85 1.89 0.41 63.3 6.37 0.87 0.03

2021 4.89 0.62 32.3 3.10 6.84 0.30 39.9 3.50 2.16 0.32 62.3 6.16 0.82 0.02

2022 5.69 0.42 31.0 1.91 7.50 0.33 45.2 3.67 3.05 0.19 71.7 6.70 0.82 0.03

Variation limits / mean 4.38-5.69 / 5.22 31.0-34.5 / 32.5 6.62-7.50 / 6.99 35.5-45.2 / 40.5 1.89-3.05 / 2.42 53.4-71.7 / 62.7 0.82-0.87 / 0.83

convar. × petrosphaerococoid 
(T. petropavlovskyi /
T. sphaerococcum)

F3 2021 6.60 25.8 10.7 37.5 2.61 71.4 0.85

F4 2022 8.40 1.00 20.7 1.39 10.2 0.71 39.2 3.52 3.17 0.26 70.9 7.55 0.82 0.02

Mean 7.5 23.3 10.5 38.4 2.89 71.2 0.84

Table 3 Expression of radical traits in interspecific hybrids and parental forms (cd.).
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T. petropavlovskyi (UA0300435) 2017 11.2 0.51 12.7 0.35 43.4 3.87 3.21 0.31

2018 8.96 1.03 16.4 1.63 14.1 0.72 2.79 0.84 44.2 2.67 2.11 0.34 67.5 6.13 1.05 0.04

2020 10.4 1.10 15.2 0.67 37.5 3.89 2.60 0.48

2021 10.8 0.63 15.1 0.72 14.7 1.41 3.07 0.60 30.4 4.84 1.97 0.35 51.9 11.3 1.16 0.09

2022 12.0 1.25 14.7 1.95 15.8 2.05 2.79 0.87 47.5 6.55 2.97 0.71 83.9 13.2 1.01 0.03

Variation limits / mean 8.96-12.0 / 10.67 12.7-16.4 / 14.8 14.1-15.8 / 14.9 2.79-3.07 / 2.88 30.4-47.5 / 40.6 1.97-3.21 / 2.57 51.9-83.9 / 67.8 1.01-1.16 / 1.07

convar. × petrocompactoid
(T. compactum / 

T. petropavlovskyi)

F3 2021 7.00 28.4 13.4 38.0 2.30 69.5 1.11

F4 2022 8.18 0.40 27.4 2.13 15.6 0.53 44.4 2.43 3.19 0.63 74.1 5.30 1.04 0.04

Mean 7.59 27.9 14.5 41.2 2.75 71.8 1.08

T. compactum (UA0300483) 2017 5.39 0.66 34.0 3.43 45.9 8.11 2.88 0.10

2018 4.76 0.56 42.5 3.51 7.43 0.32 0.97 0.22 36.6 3.72 2.35 0.31 59.9 6.43 0.94 0.03

2020 4.89 0.45 41.3 3.77 31.6 3.79 2.30 0.30

2021 4.80 0.39 43.3 2.97 7.58 0.63 1.12 0.25 33.1 2.16 2.38 0.20 52.8 5.15 0.98 0.04

2022 5.95 0.60 32.7 3.98 8.00 0.47 33.0 3.91 2.79 0.45 61.1 7.11 0.97 0.02

Variation limits / mean 4.76-5.95 / 5.16 32.7-43.3 / 38.8 7.43-8.00 / 7.67 0.97-1.12 / 1.00 31.6-45.9 / 36.0 2.30-2.88 / 2.54 52.8-61.1 / 57.9 0.94-0.98 / 0.96

Table 3 Expression of radical traits in interspecific hybrids and parental forms (cd.).

Table 4 Synthetic taxonomy of the genus Triticum built on the wheat domestication stages and genetic kinship.

Section Ploidy, 
2n =

Stage of domestication Species Genome Genes determining 
the phenotype of subspecies 

1 2 3 4 5 6

Monococcon
Dum.

14 Wild einkorn T. urartu Thum. ex Gandil. AuAu Br2Br2MonMon
SogSog

Wild einkorn T. boeoticum Boiss.
convar. boeoticum
convar. thaoudar (Reut. ex Hausskn.) Grossh. 

AbAb Br2Br2MonMon
SogSog
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Table 4 Synthetic taxonomy of the genus Triticum built on the wheat domestication stages and genetic kinship (cd.).

1 2 3 4 5 6

Monococcon
Dum.

14 Domestic hulled einkorn T. monococcum L. AbAb br2br2MonMon
SogSog

Domestic naked einkorn T. sinskajae A. Filat. et Kurk. AbAb br2br2monmon
sogsog

Dicoccoides
Flaksb.

28 Wild emmer T. dicoccoides (Korn. ex Aschers. et Graebn.) Schweinf.
convar. judaicum Vav.
convar. dicoccoides
convar. incertum Jakubz. 

BBAuAu QbQbBr(2/3)Br(2/3)

Domestic hulled emmer T. dicoccum (Shrank) Schuebl. 
ssp. dicoccum (Shrank) Schuebl.

convar. dicoccum
convar. marocanum Flaksb.
convar. asiaticum Vav. 
convar. abyssynicum Vav.
convar. × dicocoid Rozhkov

ssp. karamysghevii Nevski 
ssp. ispahanicum Heslot

convar. × ispahanoramosus Rozhkov

BBAuAu QQ

QQ
QQPiPi

Domestic naked tetraploid wheat T. turgidum L.
ssp. turgidum L.

convar. turgidum
convar. compositum (L.f.) A. Filat.

ssp. jakubzineerii Udacz. et Schachm. 
ssp. turanicum Jakubz.
ssp. polonicum L.

convar. abyssinicum (Steud) Vav. 
convar. polonicum
convar. compactum Ser.
convar. × superpolonicum Rozhkov
convar. × tetraspinopolonicum Rozhkov

subconvar. × polonoramosus Rozhkov
convar. × solutam Rozhkov

ssp. aethiopicum Jakubz.
convar. turgidoides A. Filat.
convar. aethiopicum 
convar. vavilovianum A. Filat.

BBAuAu

ststbhbh

BhV BhV

ptpt

pp

PiPipp

satsat
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Table 4 Synthetic taxonomy of the genus Triticum built on the wheat domestication stages and genetic kinship (cd.).

1 2 3 4 5 6

Dicoccoides
Flaksb.

28 Domestic naked tetraploid wheat convar. compactum (Vav.) A. Filat.
convar. elongatum (Vav.) Dorof et A. Filat.
convar. densum (Vav.) Dorof et A. Filat.
convar. recognitum (Steud.) Dorof et A. Filat.

ssp. carthlicum Nevski
convar. × persicoides Rozhkov 

ssp. durum Desf.
convar. durum
convar. durocompactum Flaksb.
convar. aglossicon Dorof et A. Filat.
convar. villosum (Jakubz) Dorof et A. Filat.
convar. falcatum (Jakubz.) Dorof et A. Filat.
convar. horanicum (Vav.) Vav.
convar. × tetraspinodurum Rozhkov

BBAuAu

qqtata

Eutriticum 
Rozhkov

42 Hulled hexaploid wheats T. spelta L.
ssp. kuckuckianum Gökg.

convar. kuckuckianum A. Filat. et Dorof
convar. tarakanovii A. Filat. et Dorof 

ssp. spelta
convar. × speltoid Rozhkov

ssp. tibetanum (Shao) N. Contsch.
ssp. yunnanense (King) N. Contsch.
ssp. macha Dekapr. et Menabde

convar. macha
convar. densiusculum Dek et Men.

ssp. vavilovii (Thum.) Jakubz.

BBAuAuDD
QQccSSννРР

QQccSSννРР

QQCmCmSSννРР

QQccSSVVРР

Naked hexaploid wheats T. aestivum L.
ssp. aestivum L.

convar. inflatum (Vav.) Dorof et A. Filat.
convar. rigidum (Vav.) Dorof et A. Filat.
convar. semirigidum Dorof et A. Filat.
convar. aestivum 
convar. multispinoaestivum Rozhkov

ssp. compactum Host
convar. compactum 
convar. inflatum Vav. et Kob.
convar. regidocompactum (Kudr.) Dorof et A. Filat.

BBAuAuDD
QQccSSννРР

QQCCSSννРР
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Table 4 Synthetic taxonomy of the genus Triticum built on the wheat domestication stages and genetic kinship (cd.).

1 2 3 4 5 6

Eutriticum 
Rozhkov

42 Naked hexaploid wheats ssp. sphaerococcum Persiv.
convar. × T. petrosphaerococoid Rozhkov

ssp. petropavlovskyi (Udacz. et Migusch.) N. Contsch.
convar. × T. petrocompactoid Rozhkov
convar. × T. petroramosus Rozhkov
convar. × aspinopetropavlovskyi Rozhkov 
convar. × bispinopetropavlovskyi Rozhkov
convar. × tetraspinopetropavlovskyi Rozhkov

BBAuAuDD QQccssννРР
QQccssννpp
QQccSSννpptata
QQCCSSννpp

Timopheevii
A. Filat. 
et Dorof.

28 Wild hulled T. araraticum Jakubz.
convar. araraticum
convar. kurdistanicum Dorof et Migusch.

GGAuAu

Domestic hulled T. timopheevii (Zhuk.) Zhuk. GGAuAu

Domestic naked T. militinae (Zhuk. et Migusch.) N. Contsch. GGAuAu

42 Domestic hulled T. zhukovskyi Menabde et Eziczjan GGAuAuAbAb

Domestic hulled × T. kiharae Dorof. et Migusch. GGAuAuDD

Domestic naked × T. migushavae Zhir. GGAuAuDD

Compositum
N. Gontsch 
Artificially 
created 
amphidiploids

28 × T. tetraurartu Candil. AuAuAuAu

× T. tetramonococcum AbAbAbAb

× T. sinskourarticum AbAbAuAu

× T. palmovae G. Ivanov DDAbAb

56 × T. timonovum Heslot et Ferrary GGGGAuAuAuAu

× T. soveticum Zhebrak
ssp. × T. fungicidum (Zhuk.) N. Contsch.

BBAuAuGGAuAu

× T. flaksbergery Navr. GGAuAuBBAuAu

70 × T. borisovii Zhebrak BBAuAuDDGGAuAu
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Segregation of branched ispahanicum-like forms was observed in the F2 generation 
from ssp. petropavlovskyi × ssp. ispahanicum crosses (Figure 1). Spike branchiness in 
these forms was also inherited in subsequent generations (F3, F4).
Crossing T. aestivum ssp. sphaerococcum cv. ‘Yeremeyevna’ with an artificially created 
winter form of ssp. petropavlovskyi (kindly provided by the Gene Bank of Ukraine) 
resulted in F2 progeny with spherical kernels and elongated glumes (Figure 2). To an-
alyze caryopsis shape and size, previously proposed indices were applied (Rozhkov, 
2018): the sphericity index (Igr) and the size index (Igs). The new forms had Igr values 
of 0.82–0.85, generally corresponding to the parental sphaerococcum type. However, 
they differed significantly from both parents in glume length: 10.2–10.7 mm versus 
6.8–7.5 mm in Indian dwarf wheat and 14.7–15.8 mm in Petropavlovsk wheat. Re-
garding spike density, the new line showed an intermediate value (D = 20.7–25.7 
spikelets per 10 cm) between the parental forms, ssp. sphaerococcum (D = 31.0–32.3) 
and ssp. petropavlovskyi (D = 14.7–15.1).
In another combination, where a winter ssp. petropavlovskyi form was crossed with 
winter ssp. compactum, progeny with a unique combination of parental traits were ob-
tained: spike density (27.4–28.4 spikelets per 10 cm) and long glumes (13.4–15.6 mm), 
similar to ssp. petropavlovskyi (Table 3).
From a cross between a spring ssp. petropavlovskyi accession (UA0300106) and Italian 
spring spelt (UA0300074), highly productive petropavlovskyi-like plants with branched 
spikes were obtained (Figure 2).
In addition to the emergence of branched forms, ssp. aestivum-like plants with multiple 
awns on the glumes were observed in the ssp. petropavlovskyi (UA0300106) × ssp. spelta
(UA0300074) combination (Figure 2).
Finally, from the cross between spring ssp. petropavlovskyi (UA0300106) and the spring 
awnless bread wheat cultivar ‘Kharkivska 28’ (Rozhkov, 2006b), petropavlovskyi-like 
awnless forms were derived (Figure 2).

4. Discussion

A new synthetic taxonomy of wheat should be based on key principles. Before 
proposing these principles, one must first define the scope and limits of the genus as 
a structural taxonomic unit. Currently, many intergenus and interspecies hybrids and 
amphidiploids derived from the genus Triticum exist. These hybrids disrupt the genus 
structure. We refer to intergeneric hybrids such as × Triticale, × Aegilotricum, × Agro-
pyrotrycum, × Tritordeum, and × Haynatricum. Many researchers (Goncharov, 2012) 
have tried to include intergeneric amphidiploids in Triticum, causing confusion and 
mixing representatives of different genera. This raises the question: what are the 
boundaries of the genus Triticum, and which species and forms should be included?
Since five genomes played key roles in Triticum phylogenesis (Au, Ab, B, G, and D), we 
propose to classify only carriers of these genomes as members of Triticum. Inter-
generic amphidiploids should be assigned to separate genera, indicating their hybrid 
origin (×). Among these genomes, the presence of at least Au or Ab as a pivotal genome 
is mandatory for wheat habitus, while the presence or recombination of other genomes 
is not decisive for inclusion in Triticum.
Having defined the genus boundaries, we return to the key principles for wheat tax-
onomy: a) species ploidy, b) genetic distance or relatedness between species, and 
c) wheat domestication stages, which largely reflect phylogenetic relationships.
Replacing Dorofeev et al. (1979) classification, which had two subgenera in Triticum
(Triticum and Boeoticum), Goncharov (2009; 2012). proposed five sections. We retain 
four sections unchanged, but the hexaploid wheat section (BBAuAuDD genome), pre-
viously called Triticum, may cause confusion due to its identical name with the genus 
and some species. We suggest renaming it Eutriticum.
Constructing our taxonomy (Table 4) and considering genetic differences between 
the Timofeevii and Dicoccoides lineages, we included wheat domestication stages as 
criteria for feature subordination during phylogenesis. Species may be merged if closely 
related, have the same ploidy, and share features such as spike rachis brittleness and 
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glume adherence to the caryopsis. These traits are genetically determined, though ex-
pression can be influenced by genes in different subgenomes (Kilian et al., 2010; Faris, 
2014). This principle preserves all wild Triticum species while logically merging 
closely related species.
To manage databases of underutilized species, we suggest that all traditional species 
listed in Dorofeev’s taxonomy be classified as subspecies, and existing subspecies 
recorded as groups of varieties (convarieties), except for T. spelta L., whose Asian and 
European subspecies show clear morphological and origin differences.
The section Compositum N includes only artificially created species with genomic 
formulas or ploidy levels absent in nature. Natural analogs or species that continue 
natural lineages should be transferred to appropriate sections. Thus, wheats with 
ploidy exceeding 6n or novel genomic combinations are placed in Compositum N, 
except for T. × kiharae and T. × migushavae, which are assigned to Timopheevii due 
to their phylogenetic logic. Man-made genotypes with the GGAuAuDD genome are 
also assigned to Timopheevii.
Guided by these principles, we included almost all convarieties of Dorofeev’s taxon-
omy (Identification Guide, 1980), allowing supporters of Dorofeev (1979) to retain 
variety-level categories, while Mac (1968) supporters can operate at the convariety 
level, the main category of synthetic taxonomy.
New wheat forms with key gene recombinations may benefit from assignment. We 
suggest considering assigning them as convarieties within existing subspecies. For ex-
ample, Polish wheat forms with longer glumes (“× superpolonicum”) are treated as 
convarieties. Tetraploid morphotypes with additional awns from ssp. petropavlovskyi
crosses are assigned as convarieties within their subspecies (e.g., T. turgidum ssp. 
polonicum convar. × tetraspinapolonicum Rozhkov). Similarly, new tetra-awny durum 
forms are T. turgidum ssp. durum convar. × tetraspinadurum Rozhkov.
Other unique forms, including polonicum with spike looseness, branched ssp. petro-
pavlovskyi or ispahanicum, and multi-awny ssp. aestivum, are all assigned to convari-
ety or subconvariety ranks according to their phenotypes. This approach maintains 
taxonomic stability despite the emergence of new recombinants.
The revival of ancient hulled wheats over the last 20–30 years also highlighted the 
need for taxonomic revision. Hulled species such as T. monococcum, T. dicoccum, and 
T. spelta, historically abandoned with mechanization, are now reintroduced. Breeding 
with common bread and pasta wheat has altered their morphology and grain quality. 
To avoid confusion, artificially created cultivars are labeled as interspecific hybrid 
convarieties (e.g., ssp. dicoccum convar. × dicoccoid Rozhkov; ssp. spelta convar. × spel-
toid Rozhkov). This principle should apply to other subspecies, e.g., ssp. carthlicum
convar. persicoides (cv. Mulatka).

5. Conclusions 

Considering the existence of multiple taxonomic systems for the genus Triticum, 
which often leads to confusion in the identification of its taxa, there is a need for 
a conceptual framework of synthetic taxonomy. Such a framework could integrate 
strengths and address limitations of existing systems, be convenient for use by repre-
sentatives of various scientific schools, and include both artificially created interspe-
cific hybrid forms derived from them.
Our results demonstrated the possibility of recombining genes that control taxonom-
ically significant traits, resulting in wheat morphotypes with unique expressions of 
these traits. This indicates the limitations of using such traits for species identification 
and suggests opportunities for refining existing taxonomies. 
Accordingly, the proposed synthetic taxonomy was structured around several key 
principles: a) species ploidy; b) genetic distance or relationship between species; 
c) stages of wheat domestication. 
Following these principles the assignment of taxonomic ranks primarily to wheat 
forms meeting the specified criteria and helps limit uncontrolled expansion of taxon-
omy through artificially created forms with recombinant traits. 
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Meanwhile, key traits determining species affiliation – such as fragility of the spike 
rachis and complex threshability – largely correspond to phylogenetic stages of speci-
ation and may help prevent confusion when closely related species are grouped into 
a single taxon.
It should be noted that this represents one perspective on the construction of a syn-
thetic taxonomy. We believe that broad discussion of the approaches and principles 
of such taxonomy among specialists will contribute to its further refinement and 
wider recognition.
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