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Winter wheat is the leading crop in Ukraine and the world and provides the human food needs. The leading breeding
institutions of Ukraine are studying wheat collections, which makes it possible to identify sources and donors of necessary
breeding traits and involve them in hybridization. For a systematic and successful hybridization programme a thorough
understanding of genetic architecture of plant yield and other important economic characters must be achieved. One
of the current areas of breeding work is obtaining the source material with low ability to accumulate heavy metals, in par-
ticular cadmium. The accumulation of cadmium in the soil leads to its absorption by the root system of plants and intaking
in the vegetative and generative organs. Among the crops that have a high ability to actively accumulate cadmium, winter
wheat is one of the first places. The minimization of Cd pollution in wheat grain is urgently needed. In many countries techni-
cal solutions for decreasing wheat grain cadmium are elaborated. In particular, the methods of conventional breeding (selec-
tion, hybridization, pure lines) are used. One of the possible ways to solve this problem is to create breeding varieties, which
are characterized by low ability to accumulate this heavy metal The aim of the study was to establish the breeding value
of the collection genotypes of winter wheat of various origins on the base of morphological and productivity traits, isolating
and developing on this basis the initial material for breeding. Field experiment was carried out in the research field of Sumy
NAU. There were selected 41 varieties representing 7 major breeding centers of wheat in Ukraine. Growth parameters
(height) and leaf surface area were analyzed in the wheat varieties. These traits were related to productivity parameters
such as 1000 seed weight, grain weight per ear and yield.

Based on the collection analysis, wheat samples, which, along with high yields, had a low Cd uptake (less than
1.2 mg/kg. were isolated. This group includes varieties of Okhtyrchanka Juvileina, Svitanok Myronivskyi, Melody Odes’ka,
Kubok, Zorepad, Ovidiy, Shchedra Nyva, Oktava Odes’ka and Slaven. These samples are planned to use for further

breeding process.
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Introduction. Creation of sources and donors of selec-
tively important traits, the organization of selection work is
based mainly on the world’s genetic resources or collec-
tions of cultivated plants. Winter wheat is the leading crop
in the world as well as in Ukraine and provides the human
food needs (Curtis et al., 2002; Lollato et al., 2019; She-
wry&Hey, 2015).

Nowdays in the State Register of Plant Varieties, there
are more than 460 cultivars of winter wheat. For effective
breeding work, the initial material must be studied in
detail to meet specific parameters and requirements. The
leading breeding institutions of Ukraine are studying wheat
collections, which makes it possible to identify sources
and donors of necessary breeding traits and involve them
in hybridization (Colla & Mackill, 2008; Forster et al., 2014;
Hao et al., 2006).

For a systematic and successful hybridization pro-
gramme a thorough understanding of genetic architecture
of plant yield and other important economic characters must
be achieved. Thanks to the successful work on the collection
study, wheat samples with a high level of homeostaticity, wide
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adaptability, group resistance to diseases and with high yield
were isolated (Dutta et al., 2015; Slafer et al., 2014).

One of the current areas of breeding work is to obtain
a source material with low ability to accumulate heavy met-
als, in particular cadmium. The minimization of Cd in wheat
grain is urgently needed in different regions of the world.
(Surabhi, 2015) In many countries technical solutions for
decreasing wheat grain cadmium are elaborated. One
of the possible way to solve this problem is to create breed-
ing varieties, which are characterized by low ability to uptake
this heavy metal (Yue et al., 2018; Zaid et al., 2018).

The aim of the study was to establish the breeding value
of the collection genotypes of winter wheat of various origins
on the base of morphological and productivity traits, isolating
and creating the initial material for breeding. There were
studied 41 varieties representing 7 major breeding centers
of wheat in Ukraine.

Materials and methods. Field experiment was car-
ried out in the research field of Sumy NAU, which accord-
ing to the zonal distribution belongs to the north-eastern
Forest-Steppe of Ukraine. The predecessor was peas.
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Sowing term was the second decade of September. The
study of collection samples was performed according to
common methods. Number of repetitions — three times, area
of plot was 15 m?, placement of plots were consecutive. To
solve the tasks phenological observations of plant growth
and development, accounting of crop density, plant sur-
vival, determining the structure of the crop were carried out
according to the “Method of state varietal testing of crops”
(Volkodav, 2003). Statistical analysis of yield data was per-
formed using computer programs Microsoft Exel, “Statistica”
by the method of variance and correlation analysis.

Results. On the basis of winter wheat varieties grown
in the production conditions of the north-eastern Forest-
Steppe of Ukraine, the formation of a working collection was
carried out. It was based on passport data and the study
results at the demonstration site of the Institute of Agri-
culture of North-East. There were selected 41 varieties
representing 7 major breeding centers of wheat in Ukraine,
namely: Selection Genetic Institute National  Cen-
ter for Seed Research and Variety Studies (Odesa);
Institute of Crop Science named after Yuriev (Kharkiv);
Institute of Agriculture (Kyiv); Bila Tserkva experimental
breeding station (Bila Tserkva); Institute of Irrigated Agri-
culture (Kherson), Myronivka Institute of Wheat named
after Remeslo, (Myronivka), Ivanivska experimental breed-
ing station (lvanivka village, Sumy region).

The collection structure of winter wheat varieties
according to the originators is presented in Fig.1.

The group of varieties created at Institute of Breeding
and Genetic was the most represented in the collection —
17 or 41%. Varieties of the Institute of Crop Science
accounted for a high share in the collection — 6 (15%). Ten
or less percent accounted on the varieties of the Institute
of Soil Science — 4 varieties and Myronivka Institute of Wheat
and Ivanivska Research Station for 2 varieties, respectively.

An important characteristic of varieties is the range
of their variability in the main indicators of vegetative
and generative development, especially plant height, leaf
surface area, grain weight from the ear and crop yield.

Plant height is an important agronomic trait for growth
and grain yield formation in wheat. Varietal characteristics
of crop affected plant height.

This parameter is associated with lodging resistance,
growth in the grain number per ear and an improvement in
the yield index and thus an increase in grain yield and its
quality. To understand relation of different traits to plant height
can help breeders select valuable traits more effectively.

The collection structure by plant height is presented in
Fig. 2 (2018-2021).

The average value of the indicator was 89.1 cm. The
highest values of the average height (more than 1.0 m) were
observed in the varieties of Okhtyrchanka Juvilejna (10 ),
Pylypivka Odes’ka (19) and Zaotar (18). The maximum
value of the average height was observed in the Rusyava
variety (34) — 119.4 cm. Svitanok Myronivskyi had the lowest
value of 64.1 cm (12). Statistically significant lower values
of this indicator (compared to the average for the collection)
were characteristic of the varieties Rozkwit (20), Krugozir
(39) and Hurt (9).

The photosynthetic surface of both the whole plant and
its individual parts is of great importance in the productiv-
ity of winter wheat. When creating a hybrid source material,
along with the elements of productivity, the formation of the
leaf surface is important. Figure 3 shows the structure of
the collection according to the index of the crop leaf surface
(LSC). In general, this parameter characterizes the ability of
the crop to form and maintain optimal leaf surface per unit
area. It is currently believed that for most varieties of winter
wheat focused on the Forest-Steppe zone, the optimal value
of the LSC is 3—4 m?/ m?. The formation of higher values of
the index, as a rule, requires a change in the relationship
between groups of chlorophyll in the direction of shade-tol-
erant chlorophyll “b”. In other cases, the increase in the val-
ues of the indicator (due to increasing the crop density or
rates of mineral fertilizers) is accompanied by deterioration
of the phytosanitary condition of crops and reduced effi-
ciency of photosynthesis.

The average value of the index was 3.48 m?/m?,
changing from 1.68 in the Zdobna variety (25) to 6.38 in
the variety of Alliance (3).

7 Selection Genetic Institute National Center for
Seed Research and Variety Studies (Odesa);

m Institute of Crop Science named after Yuriev
(Kharkiv);

= Institute of Agriculture (Kyiv);

I Bila Tserkva experimental breeding station
(Bila Tserkva);

2 Institute of Irrigated Agriculture (Kherson),

B Myronivka Institute of Wheat named after
Remeslo, (Myronivka),

& Ivanivska experimental breeding station
(Ivanivka village, Sumy region).

Fig. 1. The collection structure of winter wheat by originator institutions
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Fig. 3. The structure of the collection of winter wheat varieties according to the index
of the crop leaf surface

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

Cepis «ArpoHomist i Gionoris», Bunyck 1 (47), 2022




One of the main selection-controlled parameters
of winter wheat is the mass of seeds per ear; it combines
the number of seeds and 1000 seeds weight. Taking
into account the insignificant level of phenotypic
variation of both traits due to their rigid genetic fixation,
the characteristics of the collection of varieties, as a rule,
involve the identification of groups with different schemes for
realizing the genetic potential of plants. At the average value
of the ear productivity index for the collection at the level
of 1.21 g, the maximum values were observed in the varieties
of Zdobna (25), Oberig Myronivskyi (17) and Osayna (8). In
all cases, high values of productivity were provided above
the average values of both components. On the contrary,
the minimum values were observed in the Hurt (9), Melody
Odes’ka (13) and Rozkvit (20) varieties due to a significant
decrease in one of the structural indicators of productivity.

Grain yield is a complex trait and it is highly influenced
by many genetic factors and environmental fluctuations.
A successful selection depends upon the information on
the genetic variability and association of morpho-agronomic
traits with grain yield.

A generalizing sign of variety breeding value is
productivity. Analysis of Figure 5 shows that the average
yield of the collection over the years of research was
6.54 t/ha, changing from 5.34 for the Klad variety (22) to
8.04 t/ha for the Khvala variety (23).

Significantly higher (average in the collection) yields
were observed in varieties of Alliance (3), Vidrada (7),
Okhtyrchanka Juvileina  (10), Svitanok Myronivskyi
(12), Oberig Myronivskyi (17), Pylypivka Odes’ka (19),
Zdobna (25), Zorepad (28) and Kraevyd (40).

The previous stage of growing winter wheat in
the conditions of the analytical background with
a concentration of cadmium in the soil of 1.0 g / kg allowed
to evaluate the varieties for their ability to uptake this toxic
element in the vegetative organs. Data on the cadmium
content in aboveground phytomass are presented in Fig. 6.
The average cadmium concentration for 41 varieties was
1.40 mg/kg.

The indicator value varied in the range from 2.02 in
the variety of Duma Odes’ka (15) to 0.91 mg / kg in the vari-
ety of Oktava Odes’ka (37). In addition to the latter variety,
the group with the minimum level of cadmium accumulation
(less than 1.0 mg / kg) included Svitanok Myronivskyi (12),
Melody Odes’ka (13) and Kubok (21). The some varieties
also had a statistically lower level of concentration (com-
pared to the average for the collection): Okhtyrchanka Juvil-
eina (10), Zorepad (28), Ovidiy (32), Shchedra Nyva (36),
Slaven (41).

The final stage in the formation of the working collection
was the creation of groups based on several valuable param-
eters and assessing the level of intragroup correlations for
inter-varietal crossings. According to the peculiarities of spa-
tial distribution of varieties, depending on the values of cad-
mium content and the main parameters of plant productivity,
2 groups of varieties with minimum values of cadmium con-
tent (less than 1.2 mg / kg) were formed (Fig. 7).

A group with cadmium values greater than 1.6 mg/kg
was also singled out. The first group “A” includes varieties
Okhtyrchanka Juvileina (10), Svitanok Myronivskyi (12),
Melody Odes’ka (13), Kubok (21), Zorepad (28), Ovidiy (32),

Shchedra Nyva (36), Oktava Odes’ka (37) and Slaven (41).
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Such varieties as Sich (11), Duma (15), Rozkvit (20),
Kantata (24) and Rusyava (34) were included in group “B”
with the maximum values. It should be noted that some
high-yielding varieties, namely 25, 8, 17, 18 and 19 were
characterized by average cadmium content (1.3-1.5 mg/kg)
and were not included in the crossing groups.

Discussion. Exceeding amounts of Cd in the environ-
ment and soil have negative effect on the wheat growth
and yield quality. Conversional and molecular breeding
approaches for the crop have been developed to minimize
Cd uptake and its toxicity. Modern breeding offer num-
ber of tools for plant breeding programs that can be used
alongside conversional breeding to create low-uptake Cd
varieties (Huang et al., 2008; Surabhi, 2011).

The potential of conventional breeding is still an attrac-
tive approach to modifying the Cd uptake of wheat varieties.
Use of heterosis as well open new perspectives for decreas-
ing wheat Cd uptake and adapting plants to Cd stresses
(Ashrafzadeh & Leung, 2016; Hochman, & Horan, 2018).

However, there are some limitations to low-Cd wheat
breeding in particular because of its time-consuming.
Besides, genetic improvement process is rather slow (Zaid,
2018).

Wheat species and cultivars vary extensively in their
ability to uptake, accumulate, and be tolerate to Cd. (Clarke
et al. 2002).

Differences in Cd uptake may depend on the adaptation
of various genotypes to environmental and production con-
ditions. Low-Cd wheat varieties are the most effective way
to reduce risks that are connected with food consumption
(Stolt et al., 2010).

Creating of wheat low-Cd varieties and reducing of Cd
accumulation in seeds can be realized by both conventional

and modern breeding methods. In conventional breeding,
low-Cd wheat varieties are selected on the base of different
parameters (morphological, physiological, or biochemical)
that are connected with Cd uptake. To improve the geno-
types of Cd-tolerant wheat varieties, intra-specific crosses
among superior individuals are usually done, followed by
selection in next generations. Common breeding methods,
such as mass selection, pure line, and recurrent selec-
tion can be effectively used in the development of low-Cd
wheat varieties. (Zaid et al., 2018) Conventional selec-
tions are dependent upon environmental changes and thus
require a widespread field trial, postponing the progress
of variety development (Forster et al., 2014).

As a common breeding criterion, about 10 years
of significant efforts are needed to breed a variety right from
the pre-breeding stage up to commercial release (Collard &
Mackill, 2008).

Conventional breeding has been succeeded and consid-
erable breeding progresses benefit has been achieved in
many valuable traits, such as yield, its quality, and stress
tolerance. Practicing conventional methods for adaptation to
abiotic stresses is challenging, as compared to breeding for
other plant traits. For each of the abiotic stresses there are
various mechanisms of resistance or tolerance, depending
on the plant stress-adaptive nature (Slafer et al., 2014; Yue
etal., 2018).

Despite these difficulties scientists used to solve this
problem (development of low-Cd wheat varieties) by con-
ventional breeding methods, i.e., introduction, selection,
and hybridization. (Zaid et al., 2018) As a result, several
low-Cd wheat cultivars were developed through conven-
tional breeding approaches. For example, Yue (Yue et al.,
2018) studied three wheat varieties under four different Cd
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levels. Their results listed JD 8 as a Cd-tolerant sample,
containing the lowest Cd content and had less toxicity com-
pared to other ones. Naeem et al. (2016) tested 15 wheat
cultivars under Cd concentrations of 15, 30, and 45 uM. The
results revealed that Lasani-2008 and Igbal-2000 exhibited
the lowest Cd contents.

Moreover, a large number of conventional breeding stud-
ies were carried out to screen out Cd-safe wheat cultivars.

Conclusions. As a result of studying the collection
samples of wheat (41 varieties) from different institution-
originators, samples with valuable breeding characteristics
were identified. Growth parameters (height) and leaf
surface area were analyzed in the collection of winter

wheat varieties. These traits were related to productivity
parameters such as 1000 seed weight, grain weight per
ear and yield.

Based on the analysis of the collection, wheat
samples were isolated, which, along with high yields,
were characterized by low Cd uptake. Depending on
the values of cadmium content and parameters of plant
productivity, group of varieties with minimum values of Cd
(less than 1.2 mg / kg) was formed. It includes varieties
of Okhtyrchanka Juvileina, Svitanok Myronivskyi, Melody
Odes’ka, Kubok, Zorepad, Ovidiy, Shchedra Nyva, Oktava
Odes’ka and Slaven. It is planned to use these samples for
perspective breeding process.
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By JTronto, acnipaHmka, CyMcbKul HauioHanbHUU agpapHull yHisepcumem, Cymu, YkpaiHa, [Hemumym HayKu | mexHiku,
M. XeHaHb, KHP

Xamoea [lanuHa OnekciieHa, kaHOuOam CinbCbko20Ccno0apchbKux HayK, npoghecop, CyMCbKull HauioHambHUl
aepapHul yHisepcumem, M. Cymu, YkpaiHa

HocnidxeHnHs konekuii o3umoi nweHuyi 0ns ompumaHHsl euxiOHO20 Mamepiany 3 HU3bKUM M02/1UHaHHSAM
Kadwmito

O3uma nweHuys e mpoesioHoOH Kybmyporo 8 YkpaiHi ti ceimi ma 3abesneyye xap4osi nompebu noduHu. [posioHi cenekyitiHi
ycmaHosu YkpaiHu sugyaromb Komekuii meHuui, ujo dae samoay susisumu dxeperna ma doOHopU HeObXiOHUX ceneKyjiltiHUX 03HaK
ma 3anydumu ix 0o 2ibpudusauii. s cucmemamuyHoi ma ycniwHoi npoepamu eibpudusauii mae 6ymu docseHymo anuboke
PO3YMIHHSI 2eHEMUYHOI apXimeKmypu 8poXalHOCMI POCAUH Ma [HWUX 8aX/IUBUX eKOHOMIYHUX xapakmepucmuk. OOHUM
i3 cyyacHUX HanpsiMKie cenekuitiHoi pobomu € ompumMaHHsI 8UXIOHO20 Mamepiasy 3 HU3bKOK 30amHicmio 00 HaKOMUYEHHS
8aXXKKUX Memarig, 30Kpema Kadmito. HakonuyueHHs1 kadmito 8 2pyHmi 8ede 00 (1020 No2/UHaHHS KOPEHEBOI CUCMEMOK0 POCITUH
ma HaKOYeHHs1 8 Be2emamueHUX ma 2eHepamuesHUx opaaHax. Ceped Kynbmyp, siKi 6i03Ha4atombCsi 8UCOKOK 30amHicmio 00
aKmUBHO20 HaKonu4YeHHs1 KadMito o3uma nweHuUys rnocioae o0He 3 nepliux Micyb HazanbHor He0bOXiOHICMI0 € MiHIMi3auisi
Hakonu4eHHsi Cd y 3epHi nweHuui. B bazambox KpaiHax po3pobsistombsCs MeXHIYHI pilueHHs WoA0 3HUXEHHS eMicmy Ub020o
mMemarty 8 HaCiHHi Kynbmypu. OOHUM i3 MOXIIUBUX WiIsiXie supieHHS uiel mpobrieMu € CmeopeHHsI CenekyitiHux copmis, siKi
Xapakmepu3ylombCsl HU3bKOK 30amHiCmI0 Hakonudysamu Kadmil. Bukopucmosyrombcs Memodu mpaduuitiHoi cenekuji:
006ip ma 2ibpudusayjis. Memoro docnidxeHHs 6yrI0 8CMaHOBMEHHS CeNEKYIHOI UIHHOCMI KOMEKUIUHUX 2eHOMUIg 03UMOi
MWeHUYi Pi3HUX 3a MOXOXKEeHHSIM, MOPEOIO2iYHUMU ma MPOOYKMUBHUMU Mapamempamu, 8UOINEHHS ma CMEOPEHHS
8UXIOHO20 Mamepiarny 0ns cenekyii. [Monbosul ekcrniepumeHm nposodunu Ha Haykoso-docnidHomy noni Cymcbkozo HAY.
Buswanu 41 copm nweHuui 03umoi, opueiHamopamu SKUX € 7 OCHOBHUX CeneKuiliHuUX ueHmpie yiei Kynbmypu 8 Ykpaiti.
Byrno npoaHanizogaHo rnapamempu pocmy (gucoma poc/uH) ma naouwa Jucmkoeoi nosepxHi. Li o3Haku 6ynu noe’sasaHi
3 makumu napamempamu rnpodykmusHocmi, sik Maca 1000 HacCiHUH, Maca 3epHa Ha KOIloc ma epoxalHicmeb.

3a pesynbmamamu 8udineHo 3pasku NueHUY, siKi, mopsid 3 BUCOKUMU napamempamu npoodyKmueHOCMI, Masu HU3bKy
30amHicmb 00 noenuHaHHs Cd (meHwe 1,2 me/ke). [o uiei epynu exodams copmu OxmupyaHka HOsinetiHa, CeimaHoK
MupoHiecskut, Menodia Odecbka, Kybok, 3openad, Osidil, Lledpa Huea, Okmasa Odecbka ma CnaeeH. Lli 3pasku
nnaHyemscs aukopucmosysamu 05151 no0anbwioi cenekuyitiHoi pobomu .

Knrovoei cnoea: o3uma nuwieHUYs, KONeKUis, UiHHI cenekuiliHi 03HaKu, HU3bke rnoenuHaHHs Cd, suxioHuli Mamepiarn.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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