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[IpeacraBieHbl HCTOYHUKY LIEHHBIX IPU3HAKOB JJIS LIEJICHAIIPABICHHOTO HCIIONb30BaHHUs B CEJICK-
LUK HOBBIX COPTOB O3MMOM MIICHUIBI C YITyUYIICHHBIMH NMPU3HAKaMU KadecTBa. [IpuBeeHb! pesynb-
TaThl OLICHKU UCXOJHOT0 MaTeprasa Mo BbIPAKEHHOCTH X03HCTBEHHO IICHHBIX [TPU3HAKOB Y KOJIJICK-
LIUOHHBIX 00pa3loB 03UMOW MATKOH MieHHIBl. B paboTe npencrasnensl ganHbie mo 31 copry pas-
JIMYHOTO 3KoJIoro-reorpaduyeckoro mpoucxoxaeHus. [lonessie onbiTel mpoBoauan B 2018-2020 rr.
B CEJICKIIMOHHOM CEBOOOOPOTE B yCIIOBUSIX I0’KHOH 30HBI PocToBCkoii 0bnactu. [lokazarenu kauectsa
copros: Maccy 1000 3epeH, conepxanue OenKa, KOJIM4eCTBO M Ka4eCTBO KJICHKOBUHBI B 3€pHE, HATYPY
3epHa, 0OLIYI0 CTEKJIOBUAHOCTD, XJI€OONEKapHbIE CBOMCTBA — ONPENEIISIIN IO CTAHAAPTHBIM METOIM-
kam 1 ['OCTam. B pesynbsrare npoBeJeHHON KIacTepU3alMKd COPTOB MOKA3aHO, YTO CEJEKIMOHHAsS
nporpaMma Mo CO3IaHHIO aJIallTUBHBIX COPTOB C BBICOKMM Kau€CTBOM 3€pHA JOJDKHA BKIIOYATH B
KauecTBe 0a30BOr0 MCXOIHOIO MaTepualia copra, BXoasumue B 5-i u 6-ii knacrepsl, — JI-19578 (Poc-
cus), Drana (I'epmanus), Warwick (Kanana), Akter (I'epmanust), MV-15-09 (Benrpus), Cumonua
(Cep6us), GK Hollo (Benrpus), Webster (Kanana), Wisdom (Kanana), Ne 42 CIMMYT (CLHA) u KS
96 WGRC 37 (CILIA). lanHble copTa IMOKa3ajll XOPOIINE PE3YNbTaThl B YCIOBUAX FO’KHOM 30HBI Po-
CTOBCKOH oOnactu. OcTajbHble cCOpTa KOJJIEKIIMOHHOTO MMTOMHHUKA PEKOMEH/IYEeM BKIIIOYATh B CEJICK-
LIUOHHYIO padOTy B COOTBETCTBHHU C MPUHIMIIOM KOMIUIEMEHTAPHOCTH, KaK B3aUMHO JOTOJIHSIONINE
COpTa MO BBIPAXCHHOCTH TOTO MJIM MHOTO MPHU3HAKA MM CBOMCTBA.

KaroueBbie cjioBa: o3rMast MIICHUIA, MAcCOBasi OIS OejKa, KICHKOBUHA, HATypa 3epHa, CTEKIIO-
BUJIHOCTH, Macca 1000 3epen
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The sources of valuable traits for targeted use in the breeding of new winter wheat varieties with
improved quality traits are presented. The results of the evaluation of the parent material on the ex-
pression of economically valuable features in the collection samples of soft winter wheat are present-
ed. The paper presents data on 31 varieties of different ecological and geographical origin. Field ex-
periments were conducted in 2018-2020 in the breeding rotation under the conditions of the southern
zone of the Rostov region. Quality indicators of the varieties: thousand grain weight, protein content,
quantity and quality of gluten in the grain, grain unit, total vitreousness, baking properties were deter-
mined by standard methods and GOSTs. As a result of the clustering of varieties, it is shown that the
breeding program to create adaptive varieties with high grain quality should include as basic parent
material the varieties which are included in the 5th and 6th clusters - L-19578 (Russia), Etana (Germa-
ny), Warwick (Canada), Akter (Germany), MV-15-09 (Hungary), Simonida (Serbia), GK Hollo (Hun-
gary), Webster (Canada), Wisdom (Canada), No. 42 CIMMYT (USA), and KS 96 WGRC 37 (USA).
These varieties showed good results in the southern zone of the Rostov region. The other varieties of
the collection nursery are recommended to be included in the breeding work in accordance with the
principle of complementarity, as mutually complementary varieties in the expression of a particular
trait or property.

Keywords: winter wheat, mass fraction of protein, gluten, grain unit, vitreousness, thousand
grain weight
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INTRODUCTION

Winter soft wheat is a crop with a high bio-
logical potential for productivity and grain qual-
ity in the southern zone of the Rostov region [1,
2]. Creating new varieties of winter soft wheat
largely depends on the proper selection of start-
ing material as an initial and crucial stage of the
breeding process [3—6]. For successful wheat
breeding, it’s essential to identify and compre-
hensively study genetic sources and donors of
valuable traits directly in the breeding regions
[7, 8].

The purpose of the study is to identify the
sources of valuable traits for targeted use in
breeding new varieties with improved quality
characteristics.

The research objectives are:

— selection of the most productive samples
from the collection nursery for comprehensive
study of grain and flour quality;

— carrying out variance and cluster analyses
of experimental data;

— selection of the best varieties that signifi-
cantly exceed the standard by the studied traits
and properties for use in crossbreeding to create
new genotypes with high grain quality.

MATERIAL AND METHODS

The study of collection varieties took place in
field conditions from 2018 to 2020 at the labo-
ratory of selection and seed production of inten-
sive-type winter wheat and in the biochemical,
technological, and agrochemical assessment lab-
oratory of the Agrarian Scientific Center “Don-
skoy” (ASC “Donskoy”).

The research object for determining the tech-
nological properties of grain and flour was 31

varieties of winter wheat of various ecologi-
cal-geographical origins. The Ermak variety was
used as a standard. The plot area was 3 m?, with
a two-time repetition, and the forecrop was au-
tumn fallow. The test field soil was a powerful
carbonated heavy loamy chernozem.

In the 2017/18 agricultural year, drought was
noted during the active vegetation period of
wheat (April - June). Precipitation during this
period was 25.9 mm compared to the long-term
norm of 165.3 mm. Daily average air tempera-
tures exceeded long-term values in April by 0.8
°C, in May by 2.7 °C, and in June by 3.4 °C.

In the 2018/19 agricultural year, quality for-
mation occurred under conditions of insufficient
moisture, especially in June (10.8 mm, standard
- 71.3 mm), and elevated temperatures (in May
by 2.5 °C, in June by 4.7 °C). Moreover, a short-
age of precipitation was noted in June compared
to the long-term average by 100.3; 61.5, and
32.5 mm, respectively.

The grain quality formation period in the
2019/20 agricultural year was characterized by a
large amount of precipitation in May (155.7% of
the standard) and an optimal temperature (15.4
°C). It was favorable for the growth and devel-
opment of soft winter wheat, despite the precip-
itation shortage (54.4% of the standard) and an
elevated temperature regime (by 2.6 °C) in June.

The main quality characteristics of grain and
flour were determined in the biochemical assess-
ment laboratory of breeding material and grain
quality of ASC “Donskoy”. Grain nature was
studied in accordance with GOST 10840-2017',
overall grain vitreousness — according to GOST
R 70629-20232. The protein mass fraction in
grain was determined using the infrared ana-

!GOST 10840-2017 Grain. Method for determining the natural weight. Moscow: Standardinform, 2019, 19 p.
2GOST R 70629-2023 Wheat. Determination of vitreousness by the optical-computer method. Moscow: Standardinform, 2023, 5 p.
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lyzer SpektraStar 2200, the quantity and quality
of gluten in the grain — according to GOST R
54478-2011°, the falling number — in accordance
with GOST 27676-88". A trial laboratory baking
was carried out using the remix method with
re-kneading. Bread quality was assessed accord-
ing to the methodological guidelines of the state
commission for crop variety testing®. Data math-
ematical processing and cluster analysis were
carried out using Microsoft Office Excel and
Statistica 10 software. Euclidean distance was
used as a similarity measure.

RESULTS AND DISCUSSION

The weight of 1000 grains is an essential el-
ement of productivity and a significant selection
trait for yield selection. It also significantly af-
fects the grain’s appearance and milling prop-
erties. Breeders pay attention to this trait as it
allows them to select not only sources of large
grains but also varieties well-adapted to specif-
ic soil and climatic conditions; moreover, this
trait is inherited well [9, 10]. It was found that,
on average, over the years of study, the weight
of 1000 grains ranged from 33.2 g (GK Hollo,
Hungary) to 44.8 g (Eistanzuelo Benteveo, Uru-
guay), which according to the CMEA® classifi-
er, characterizes varieties from small-grained to
large-grained. Varieties like Eistanzuelo Bente-
veo (Uruguay) (44.8 g), Ling Xing 99 (China)
(44.7), and Akter (Germany) (44.7 g) showed
high values of this trait on average over 3 years
of study, significantly exceeding the standard
LSD,, = 1.5 g (see Table 1).

These samples are recommended to be used
as sources of large grains.

In determining the quality of wheat grain, vit-
reousness is one of the most critical class-form-
ing indicators, also characterizing its milling
properties. The higher the grain’s vitreousness,
the higher its technological properties [11].
The overall vitreousness of the studied variet-
ies ranged from 50% (Bombus, France) to 74%

Ta6a. 1. Ilokazarenu kauecTBa 3epHa COPTOB 03U-
MOM MSTKOH B IIHICHUIIBI B KOJUDICKITMOHHOM ITUTOM-
Huke, 2018-2020 rr.

Table 1. Grain quality indicators of soft winter
wheat varieties in the collection nursery, 2018-2020

. . Weight Vitreous- Grain
Variety Origin of .1000 ness. % unit,
grains, g ? g/l
Ermak, standard Russia 2.8 57 804
L-19578 » 42,0 57 799
Vinnichanka Ukraine | 385 58 815
Shestopalivka » 41,0 53 805
Slavna » 40,3 73 814
Chornyava » 41,1 73 810
Simonida Serbia 38,0 66 824
Zlatka » 37,2 72 835
NS 405/00 » 35,8 54 786
Ne42 CIMMYT | USA | 376 | 74 | 809
KS 96 WGRC 37 » 34,8 68 816
Warwick Canada | 373 51 817
Webster » 36,1 55 811
Wisdom » 33,7 52 807
Zhong Ping 1597 China 41,8 57 812
Fuimai 5 » 41,5 55 797
Ling Xing 99 » 44,7 74 809
Akter Germany | 44,7 57 814
Etana » 36,6 58 786
Cubus » 35,0 63 785
MV-15-04 Hungary | 39,8 63 | 823
GK Cipo » 39,7 63 818
GK Hollo » 33,2 55 830
Ne71 CIMMYT | Romania | 40,6 56 809
Fidelius Austria | 38,6 57 801
Tatsitus » 37,4 62 804
CO 911 France 36,7 59 794
Seilor » 38,3 74 811
Bombus » 35,6 50 759
Dagmar » 39,9 57 822
Eistanzuelo Uruguay | 44,8 55 809
Benteveo
LSD,, - 1,5 7 |13

3GOST R 54478-2011 Grain. Methods for determining the quantity and quality of gluten in wheat. Moscow: Standardinform,

2012, 23 p.

4GOST 27676-88 Grain and products of its processing. Method for determining the fall number. Moscow: Standardinform, 2009, 5 p.
*Methodology of the state variety testing of agricultural crops. Technological evaluation of grain, groat and leguminous crops.

Under the general editorship of M.A. Fedin. Moscow, 1988, 121 p.

“International CMEA Classifier of the genus Triticum L. L., 1984, 86 p.
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(Sailor, France), (No. 42 CIMMYT, USA), and
(Ling Xing 99, China). The maximum expres-
sion of the trait (> 70%) was noted for the fol-
lowing varieties: Slavna, Chornyava (Ukraine)
(73%), Zlatka (Serbia) (72%), No. 42 CIMMYT
(USA) (74%), Ling Xing 99 (China) (74%),
Sailor (France) (74%). The selected varieties for
grain vitreousness exceeded the Ermak variety
(LSD,, = 7%) and can be used in breeding to
improve this trait.

Grain nature is also an indicator of grain size
and plumpness. The values of the nature of the
studied varieties were established from 759 g/l
(Bombus, France) to 835 g/l (Zlatka, Serbia). On
average, over the years of the study, all studied
varieties were characterized by high nature val-
ues and corresponded to the 1st quality class ac-
cording to the GOST for wheat. The maximum
values, which significantly exceeded the stan-
dard (LSD, = 13 g/l) for this trait, were noted in
the varieties, g/l: Warwick (Canada) (817), GK
Cipo (Hungary) (818), Dagmar (France) (822),
MV-15-04 (Hungary) (823), Simonida (Serbia)
(824), GK Hollo (Hungary) (830), and Zlatka
(Serbia) (835). These varieties are recommend-
ed for use as sources to improve the “natural
weight” trait.

The problem of protein content in wheat
grain as a breeding trait is complicated by the
negative correlation with grain yield, making it
challenging to select for both traits simultane-
ously. The protein content in the grain signifi-
cantly influences baking properties, the biolog-
ical value of the grain, and processed products
[12, 13]. The average protein mass fraction
in grain over the research years varied from
12.66% (Bombus, France) to 15.05% (L-19578,
Russia) (see Table 2).

According to GOST 9353-20167, strong
wheats are varieties with protein content not less
than 14%. Based on this criterion, the following
samples stood out significantly (LSD = 0.52%),
%: L-19578 (Russia) (15.15), Zhong Ping 1597
(China) (14.48), Akter (Germany) (14.28), Eta-
na (Germany) (14.16), Sailor (France) (14.24),
No. 42 CIMMYT (USA) (14.15), KS 96 WGRC
37 (USA) (14.01), and Zlatka (Serbia) (14.08).

Taoa. 2. KauecTBO KIIEHKOBHHHO-0OEIKOBOI'O KOM-
IJIEKCa U XJIeOOMeKapHbIe CBOMCTBA MYKH U3
COPTOB 03UMOM MSATKOM MIIEHUIbI B KOJIJIEKI[UOH-
HoM nutomHuke, 2018-2020 .

Table 2. The quality of the gluten-protein
complex and the baking properties of flour from
soft winter wheat varieties in the collection nursery,
2018-2020

Protein | Gluten g;ﬁ?;
vy | Do 0t VB TBS
tion, % | % | device

Ermak, standard | 13,88 | 24,7 71 600 | 3,8
L-19578 15,05 | 31,6 76 670 4,1
Vinnichanka 13,76 | 26,6 84 593 3,6
Shestopalivka 13,71 | 26,5 81 610 3,7
Slavna 13,75 | 24,2 81 613 | 3,7
Chornyava 13,43 | 24,4 81 583 3,5
Simonida 13,57 | 29,1 86 687 | 4,4
Zlatka 14,08 | 26,7 84 607 | 3.8
NS 405/00 13,46 | 22,5 69 563 | 3,3
Ne 42 CIMMYT | 14,15 | 30,8 90 693 | 4,2
KS 96 WGRC 37 | 14,01 | 30,0 85 693 | 4,3
Warwick 13,28 | 25,6 88 657 4,1
Webster 13,09 | 22,9 87 690 | 4,2
Wisdom 13,24 | 23,9 84 673 | 4,1
Zhong Ping 1597 | 14,48 | 30,9 105 |600| 3.4
Fuimai 5 12,69 | 22,8 79 593 | 3,5
Ling Xing 99 13,93 | 28,6 99 620| 3.7
Akter 14,28 | 27,6 87 643 | 4,1
Etana 14,16 | 25,1 89 670 4,1
Cubus 13,61 | 244 84 563 | 3,1
MV-15-04 13,64 | 25,5 84 647 | 3,8
GK Cipo 13,54 | 27,8 81 630| 3.8
GK Hollo 13,60 | 30,4 87 683 | 4,1
Ne 71 CIMMIT 13,91 | 25,7 81 610| 3.6
Fidelius 13,29 | 23,4 68 590| 3,6
Tatsitus 13,76 | 25,2 73 530 3,0
COo911 13,54 | 24,1 84 617| 3.8
Seilor 14,24 | 27,9 82 587 3,4
Bombus 12,66 | 25,1 79 637 | 3,9
Eistanzuelo
Benteveo 13,22 | 25,3 87 610| 34
Dagmar 13,30 | 24,5 75 613 3.6
LSD,, 0,52 1,1 5 251 0,1

Note. VB - volumetric yield of bread, ml; TBS - total
baking score, score.

"GOST 9353-2016 Wheat. Technical conditions. Moscow: Standardinform, 2019,12 p.
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These samples can be used as parental forms for
crossbreeding.

Seven varieties were characterized by max-
imum gluten content in grain, meeting the re-
quirements for the 2nd quality class (not less
than 28.0%). The varieties with the highest
values of this trait (> 30%) were, %: L-19578
(Russia) (31.6), No. 42 CIMMYT (USA) (30.8),
Zhong Ping 1597 (China) (30.9), and GK Hollo
(Hungary) (30.4). These varieties significantly
exceeded the standard (LSD, = 1.1%). These
collection samples are recommended for use
as sources to improve the “amount of gluten in
grain” trait.

The Gluten Deformation Index (GDI) de-
scribes physical and rheological properties of
gluten (elasticity, stretchability). Among the
studied varieties in the collection nursery, GDI
values varied widely — from 68 units (Fidelius,
Austria) to 105 units (Zhong Ping 1597, China).
This corresponded to the 1st-3rd quality groups.
For producing quality bread products, the opti-
mal gluten quality in grain for baking is 70-90
GDI units, i.e., the satisfactory upper range of
the 1st group and the lower range of the 2nd
group [14, 15].

Conducting trial laboratory baking is the fi-
nal stage in determining the baking properties of
winter soft wheat varieties. Based on the con-
ducted studies, varieties have been identified
that have fully realized baking properties and
were characterized by the maximum volumet-
ric yield of bread and overall bread rating, ml,
score: L-19578 (Russia) (670, 4.1), Simonida
(Serbia) (687, 4.4), No. 42 CIMMYT (USA)
(693, 4.2), KS 96 WGRC 37 (USA) (693, 4.3),
Webster (Canada) (690, 4.2), Wisdom (Canada)
(673, 4.1), Etana (Germany) (670, 4.1), and GK
Hollo (Hungary) (683, 4.1). These standout sam-
ples are recommended for use as parental forms
for creating baking-type varieties.

To identify the genotypes possessing a combi-
nation of economically valuable traits affecting
baking properties, with their subsequent inclu-
sion in hybridization, cluster analysis of winter
soft wheat collection samples was conducted. It
was based on yield, grain weight, vitreousness,
weight of 1000 grains, protein content, quantity
and quality of gluten, bread volume yield, and

overall bread baking assessment.

As a result of the analysis, a dendrogram was
constructed with the distribution of samples into
7 clusters (see the figure, Table 3).

The first cluster included 6 varieties charac-
terized by large grain (44.0 g), high grain density
(808 g/l), GDI of 78 device units (1st group).
However, their baking properties were marked
at the level of valuable wheat (see table 3).

The second cluster represented 7 samples
characterized by large grains (weight of 1000
grains 44.5 g), high grain density (810 g/l), and
high gluten content (25.4%). The Gluten Defor-
mation Index for this group of the varieties was
82 device units (2nd group), which influenced
the increased bread volume yield (615 ml) (see
Table 4).

The third cluster consisted of 3 wvarieties,
which formed maximum values for weight of
1000 grains (45.7 g), grain density (818 g/l),
protein content (14.16%), and gluten content in
grain (28.7%). These samples can be used for
hybridization as sources to improve the glu-
ten-protein complex.

The fourth cluster was represented by one
variety, Bombus (France), which had high yield
(12.2 t/ha) but low protein content (12.66%)
and the following physical quality traits: grain
density of 759 g/l, vitreousness of 57%, and the
weight of 1000 grains of 38.2 g.

The fifth cluster included 5 varieties with the
weight of 1000 grains (44.3 g), high grain densi-
ty (808 g/1), maximum protein content (14.08%),
high gluten content in grain (27.1%), and good
baking properties (bread volume yield of 657 ml
and overall bread rating of 4.0 points).

The sixth cluster included 6 varieties, where
all the studied traits and properties were best ex-
pressed, affecting bread quality.

The seventh cluster consisted of 3 varieties
with a low gluten content (24.0%). The Gluten
Deformation Index was 75 device units, result-
ing in a low bread volume (552 ml) and an over-
all score of 3.2 points.

The varieties of the collection nursery, in-
cluded in the 5th and 6th clusters, are of greatest
interest for the development of baking varieties.
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Distribution of soft winter wheat varieties into clusters according to productivity and a set of traits which
characterize quality, 2018-2020

Taba. 3. Pacupenenenue cOpTOB KOJUIEKIIUH 11O KJIACTEpaM
Table 3. Distribution of soft winter wheat varieties according to clusters

Cluster Variety

Ist | Ermak (Russia), Fidelius (Austria), Fuimai 5 (China), Vinnichanka (Ukraine), Chornyava (Ukraine), Seilor
(France)

2nd | Shestopalivka (Ukraine), 71 CIMMYT (Romania), Eistanzuelo Benteveo (France), CO 911 (France), Slavna
(Ukraine), Dagmar (Uruguay), GK Cipo (Hungary)

3rd |Zlatka (Serbia), Zhong Ping 1597 (China), Ling Xing 99 (China)
4th | Bombus (France)
S5th | L-19578 (Russia), Etana (Germany), Warwick (Canada), Akter (Germany), MV-15-04 (Hungary)

6th | Simonida (Serbia), GK Hollo (Hungary), Webster (Canada), Wisdom (Canada), Ne 42 CIMMYT (USA), KS
96 WGRC 37 (USA), KS 96 WGRC 37 (USA)

7th | NS 405/00 (Serbia), Cubus (Germany), Tatsitus (Austria)

CONCLUSION it is believed that the breeding program for cre-
ating adaptive varieties with high grain quality
should include the varieties from the 5th and 6th
clusters as the basic starting material. These are
L-19578 (Russia), Etana (Germany), Warwick
(Canada), Akter (Germany), MV-15-09 (Hun-
gary), Simonida (Serbia), GK Hollo (Hungary),

When creating varieties of winter soft wheat
adapted to the climatic conditions of the south-
ern zone of the Rostov region, an important step
is the most comprehensive study of the sources
of useful traits and properties for use as start-
ing material. As a result of the cluster analysis,
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Tada. 4. XapakTepucTHKa KJIaCTEPOB 110 YPOXKAWHOCTH 1 KaueCTBY 3epHa

Table 4. Characteristics of clusters according to productivity and grain quality

Cluster
Trait

Ist 2nd 3rd 4th Sth 6th 7th
Grain unit weight, g/ 806 810 818 759 808 816 792
Vitreousness, % 62 59 68 50 57 62 60
Weight of 1000 grains, g 44,0 445 457 38,2 443 37,5 38,8
Protein mass fraction, % 13,55 13,57 14,16 12,66 14,08 13,61 13,61
Gluten content, % 25,0 25,4 28,7 25,1 27,1 27,8 24,0
Gluten deformation index, units
of the device 78 82 96 79 85 86 75
Volumetric yield of bread, ml 591 615 609 637 657 687 552
Total baking score, score 3,6 3,6 3,6 3,9 4,0 42 3,2
Yield, t/ha 11,2 11,5 10,1 12,2 11,5 11,1 11,5

Webster (Canada), Wisdom (Canada), No. 42
CIMMYT (USA), and KS 96 WGRC 37 (USA).
These varieties have shown the highest results
in the conditions of the southern zone of the
Rostov region. Other varieties from the collec-
tion nursery are recommended to be included in
the breeding work according to the principle of
complementarity, complementing the basic vari-
eties by expressing a particular trait or property.
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