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We focus on the food and forage value of a relatively new crop - triticale, as well as on the
peculiarities of the creation of new cultivar Myronosets (originators: VM Remeslo Myronivka
Institute of Wheat and Institute of Horticulture NAAS of Ukraine). Bioecological features and
morphological characteristics of the new cultivar are presented, its grain yield and quality are
characterized; quantitative data on the dough and bread qualities are summarized. The new triticale
cultivar is compared with the best cultivars in terms of yield capacity, lodging resistance, in-spike
germination and resistance to fungal diseases and unfavorable abiotic environmental factors. We
analyzed the data of the state cultivar trials of Myronosets in 2019-2020. It was shown that this
cultivar was lodging resistant, had high protein content and gave a high grain yield in the
woodlands and Forest-Steppe of Ukraine. It was established that Myronosets was a source of the
short stem. Hybridological analysis showed that in the hybrid combinations derived from
Myronosets the plant height was inherited by different types. Negative overdominance (depression)
was observed in 41.18% of the hybrid combinations under investigation; partial negative
inheritance — in 23.53%; intermediate inheritance — in 17.65%; and partial positive dominance — in
17.65%. There were high levels of hypothetical (Ht, %) and true heterosis (Hbt, %) in the following
combinations: T 14-1 x LCh/97 (-22.32 and -31.4, respectively); Urahan x LCh/97 (-16.95 and -
37.1, respectively); Kornet x LCh/97 (-23.28 and -31.0, respectively); Kharroza x LCh/97 (-8.78
and -16.6, respectively). The Myronosets genotype possesses the wheat gene Rht-Blb, and it is
assumed that the genotype of the new triticale cultivar carries the most convenient and significant
for breeding dominant rye gene HI/ (Ddw1), which determines the short stem and is a homologue of
the wheat dwarfism gene Rht/2. This was confirmed by significant changes in the phenotype of F;
hybrids, indicating that this gene has a wide pleiotropic effect: spike elongation, the increased
numbers of flowers and grains in the main spike, a powerful root system, increased tillering
coefficient, increased leaf area, etc. Therefore, we recommend including the new cultivar in
breeding programs to create short-stemmed triticale cultivars that can avoid lodging, in particular
when increased doses of nitrogen fertilizers are applied. In the article, we highlight that the new
cultivar has other economically valuable characteristics, in particular, high lodging resistance (9
points), high shedding resistance (9 points), low spike brashness (9 points), resistance to in-spike
germination (9 points), complex resistance to Puccinia recondita f. sp. tritici Rob. ex Desm (8.5
points), Blumeria graminis (DC.) Speer (9 points.), and Fusarium graminearum Schwabe (8.5
points), high resistance to the pest Mayetiola destructor Say (8.5 points), high frost tolerance and
winter hardiness (9 points), high drought resistance (8.5-9 points). It is noteworthy that about 70%
of plants survive the laboratory freezing (critical freezing temperature -18.3°C). The cultivar is
resistant to spring and autumn frosts (9 points). The potential yield is > 7.5 t/ha. The average yield
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1s 5.7 t/ha in the forest-steppe — woodlands transition belt, 6.3 t/ha in the central forest-steppe, and
3.5 t/ha in the woodlands.

Ke ywords: hexaploid winter triticale, new cultivar, agroecological and economic
characteristics, donor of the short stem.

Introduction. Triticale is a relatively new agricultural crop that combines the economically
valuable characteristics of wheat and rye, has a number of potential benefits that have not yet been
fully explored, as the multi-year breeding practice has not fully "polished diamond from graphite",
the value of which, given the global climate fluctuations, will be in earnest realized by future
generations, in particular in overcoming food and feed challenges. Therefore, the creation of new
cultivars and hybrids always forces to resort to certain improvisational principles of selection of
parent pairs for hybridization. Today, the main efforts in triticale breeding are aimed at improving
bread-making qualities, including protein content, composition of essential amino acids, falling
number, yield capacity, tolerance to high soil acidity and drought, resistance to phytopathogens,
bacterial and viral diseases [1-6]. It is breeding for adaptability that allows successful combining
consistently high yields, resistance to diseases and pests, and tolerance to major limiting
environmental factors in one genotype.

Thus, the creation of new triticale genotypes, the potentials of which to some extent would
meet the scientific and industrial needs will never lose its relevance.

Literature review and problem articulation. Scientific results on triticale have a long
history, which is confirmed by significant achievements in plant biology, breeding and genetics [7—
21]. Recent data [22] prove that nothogenus x Triticosecale Wittmack ex A. Camus, 1927, belongs
to the family Poaceae Barnhart, 1895, and includes the following species:

x Triticosecale neoblaringhemii (A. Camus) Mackey, 2005 (2n = 6x = 42; AABBDD) [23,
24], or Blaringhem's hexaploid triticale, which originates from Secale cereale x Triticum turgidum
crossing;

x  Triticosecale rimpaui (M.Graebn.) Wittmack ex A.W.Hill, 1933 (2n = 8x = 56;
AABBDDRR) [25], or Rimpau’s octoploid triticale, which originated from S. cereale x T. aestivum
crossing;

x Triticosecale semisecale (Mac Key) K.Hammer & A.Filatenko, 2010 (2n = 4x = 28;
AABB) [26]. or semi-rye triticale, which, as VM Mezhensky noted [27], was originally created by
T. monococcum * S. cereale crossing and, basing on his literature review, the researcher assumed
other possible ways of this species origination. A lot of researchers pointed out that hexaploid
triticale was more productive [7-11].

The current areal of this crop covers 5 continents (Fig. 1).

Fig. 1. The triticale areal in the world (as of 2019) [28]
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The global climate changes require reassessments of the sown area structure and of species
and cultivar diversity of winter crops. It is winter crops, including triticale, have become a leading
link in sustainable food production, as they have the highest yield potentials with genetic resistance
to environmental limiting factors of a given region, pests and pathogens, which is of paramount
importance in adaptive agriculture. Target-focused introduction of specific cultivars is another way
to regulate the grain productivity of triticale. Therefore, due regard for the peculiarities of soil and
climatic conditions of a given region upon introduction of one or another cultivar will enable
complete fulfillment of its biopotential in terms of grain yield and quality.

Purpose and objectives — to create a new productive and high-protein cultivar of winter
triticale, adapted to the woodlands/forest-steppe and forest-steppe of Ukraine.

Material and methods. The breeding work to create a new cultivar of triticale was
continued at the Educational and Research Center of Bila Tserkva National Agrarian University in
2007-2017. The control and environmental trials were conducted in 2009-2019 in the woodlands
(Polissya Institute of Agriculture NAAS (2007-2009); predecessor: seeded fallow), central forest-
steppe (VM Remeslo Myronivska Institute of Wheat NAAS (2016-2019); forecrops: mustard,
soybean, pea for seeds; Bila Tserkva NAU (2009-2016); predecessors: seeded fallow, potato), and
northern Forest-Steppe (Institute of Horticulture NAAS (2016-2017); forecrop: perennial grasses).
No plant protection measures were taken. The starting material was domestic and foreign triticale
cultivars of different eco-geographical origin: Slavetne (UA), Pshenychne (UA), Chaian (UA),
DAU 5 (UA), Urahan (UA), Ladne (UA), Rarytet (UA), Kharroza (UA), Poliske 7 (UA), Adas
(BLR), Woltario (POL), Utro (BLR), Pigmei (POL), Triticale 64 (HUG), Kandar (SVK), Gorun 1
(ROM), Haduk (ROM, Prader (SV), AD 1668 (RU), PRAO 19 (RU), Kornet (RU) and others
provided under negotiated agreement by the NCPGRU of the PPI nd.a. VYa Yuriev NAAS.
Hybridization was performed by manual emasculation of female components. Plants were
pollinated by the twirl method 2—3 days after emasculation. The breeding material was studied in
compliance with the guidelines of the All-Union Research Institute of Plant Breeding [29] and the
methodology of the State cultivar trials [30]. Data were statistically processed, as B.A. Dospekhov
described [31], using Statistica-5.5 and Excel-2003 software.

Results and discussion. The joint work of Bila Tserkva National Agrarian University and
Nosivka Breeding Research Station of the VM Remeslo Myronivka Institute of Wheat NAAS in 2008
in interspecific hybridization within the notogenus x 7riticosecale and double individual selection from
F>-F4 hybrid populations derived from crossing (9 Avhusto x JdYahuar) x 3K9844/93 followed by
repeated improving selections in Fjo allowed us to distinguish the best line, LCh97, which was later
named as cultivar Myronosets. The new genotype is hexaploid, belongs to the erythrospermum variety.
As to the growing period, it is mid-late (the growing period is 296 days). As to the growth habit, it is a
winter cultivar. The identifying traits of this genotype are as follows: a sprawling bush, moderate
anthocyanin pigmentation of coleoptiles and leaves, dark green leaves, a wide flag leaf, no anthocyanin
pigmentation of spikes, wax bloom on the flag leaf sheath, anthocyanin pigmentation of awns; the flag
leaf blade length is medium (16.7 cm), its width is medium (1.8 cm); the second leaf length is 26.4 cm,
its width is 1.5 cm; no bluish wax bloom on spikes (Fig. 2).

A B C

Fig. 2. Plants of the LCh/97 line — different phases of development: A — earing onset; B
— milky ripeness onset; B — milky-wax ripeness
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The stem pubescence intensity below the spike is moderate. The plant is mid-tall (94.8 cm,
low stems). There are awns are along the entire length of the spike; awns are long relative to the
spike; the length of the keel tooth of the lower glume is 9-13 mm; the second tooth of the lower
glume is absent; the lower glume keel is distinct to its base; there is no pubescence of the outer
surface of the lower glume; the spike is red and dense; the spike length without awns is medium
(13.4 cm); the spike width is medium (1.6 cm); the spike is pyramid-shaped (Fig. 2); the straw is
hollow in cross section and is strong without a zigzag below the spike. The average number of
flowers per spike is 3—4, and, as a rule, three of them are fertile. The caryopsis is elongated, light
brown, slightly wrinkled, and medium in size. The 1000-grainsweight is 45.7 g; the test weight is
688.5 g/L.

The LCh/97 line was distinguished due to its performance, high lodging, and shedding
resistance, low spike brashness, resistance to in-spike germination, complex resistance to P.
recondita f. sp. tritici Rob. ex Desm, B. graminis (DC.) Speer, and F. graminearum Schwabe, high
resistance to the pest Mayetiola destructor Say, high frost tolerance and winter hardiness, drought
resistance (8.5-9 points), about 70% survival after freezing in the laboratory (critical freezing
temperature -18.3°C), resistance to spring and autumn frosts (9 points) and potential yields of over
7.5 t/ha, with the average grain yields of 5.7 t/ha, > 6 t/ha and > 3 t/ha in the Forest-Steppe —
Woodlands transition belt, central Forest-Steppe and Woodlands, respectively (Fig. 3).

Fig. 3. Spike, spike parts and caryopsis of the winter triticale line LCh/97

Trials of the new cultivar showed that the spikelet number per spike and the grains number
in the main spike in the cultivar of Myronosets are comparable to those in the best varieties (Ladne,
AD 256, Dorena, Slavetne, etc.). There is a significant difference in the spike density (28.5 spikelets
per 10 cm of spike), indicating that the cultivar has a denser spike, with a better harvest index.

In the central Forest-Steppe, if seeds were sown at a recommended seeding rate (4.5 million
seeds/ha) within the optimal timeframe, shoots are even. It should be noted that the lower (by 3-5°)
air temperature during germination related to the optimum, the deeper the tillering node is located,
and, due to this, strong primary shoots and later strong secondary shoots appear. In turn, the
tillering node forms its root tier, resulting in a larger mass of the root system, and more powerful
root system is more able to provide the plant with the necessary reserve to adapt to the winter-
spring period. On average for 2008-2016, the LCh/97 line gave a yield of 5.33 t/ha, which is 0.23
t/ha less than that from AD 256 (Fig. 4). It was found that the high grain productivity of the LCh/97
line was attributed to the increased number of productive stems per 1 m” (523 stems), the high
number of grains per spike, etc.
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Fig. 4. Grain yield from the winter triticale line LCh/97 in the central forest-steppe over
the years

The optimal seeding depth for the new cultivar sown in light loamy chernozem of the forest-
steppe is 3—4 cm; in sod-podzolic sandy-loam soil — 5—6 cm; due to drought the seeding depth
should be increased by 1.5-2 cm. Rolling should be carried out with a star-wheeled roller KKSh-6
before and after sowing. In 2008 and 2009, the seeding depth was 6—7 cm, and under the arid
conditions during the autumn periods of these years, LCh/97 plants formed shoots from dormant
buds of the embryonic node during the growing period, and after the first shoot appearance
secondary and tertiary shoots emerge, indicating a high adaptability to unfavorable conditions,
including water deficit in soil. This feature is also important when rapid production of seeds is
needed. In addition, it is important for competition with weeds and "autumn" pests, resistance to
anomalies during the winter-spring period, and, most important, for a high yield of grain, mainly
due to lateral shoots.

The results of the study conducted in the experimental field of the Educational and Resrarh
Center of Bila Tserkva NAU (forest-steppe) showed that if seeds were sown within the optimal
timeframe (September 20-25), 2 productive and 3—4 unproductive stems appeared, and the grain
yield from the new cultivar increased by 25%. When sown later, plants had 1 productive stem and
5-6 unproductive ones, which account for up to 45% of the grain yield. Similar findings were noted
by other researchers. It was also found that the LCh/97 fields were able to get rid of extra shoots
under the influence of extreme biotic and abiotic factors, leaving 3—4 (sometimes 1-2) fruiting
stems, often 1-3 stems with underdeveloped spikes and 1-2 unfertile stems without spikes, which
form a radical rosette.

In the Woodlands/Forest-Steppe zone (Nosivka Breeding Research Station of Myronivka
Institute of Wheat NAAS), the LCh/97 line gave an average grain yield of 4.8 t/ha and was
noticeable for complex field resistance to powdery mildew, speckled leaf blotch, brown rust, and
head blight (8-9 points).

In the framework of scientific cooperation with the Plant Production Institute named after
V.Ya. Yuriev NAAS, we managed to find out that the total vitreousness the LCh/97 grain was 10%;
the protein content — 12.9%; the crude gluten content — 27.9%; the dough resilience (P) — 52 mm;
the dough extensibility (L) — 47 mm; the P/L ratio — 1.1; the flour strength (W) — 92; the elasticity
index (Le) — 33%; the loaf volume — 392 mL per 100 g of flour. The scores of bread made from
flour of this line were as follows (in points): surface — 5; shape — 3; crust color — 5; the total score —
5 (Fig. 5).
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Fig. 5. Appearance of bread from winter triticale cultivars and lines: 1 — Vivate
Nosivske; 2 — Slavetne; 3 — Slavetne; 4 — Strateh; 5 — LCh/97; 6 — Pshenychne; 7 — Karlyk

The crumb porosity in bread from the LCh/97 line was 5 points; the crumb color score — 3
points; the crumb elasticity score — 5 points, and the total bread-making score — 4.9 points (Table

).

The quality indicators of grain, dough and bread from winter triticale cultivars and lines

Table 1
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Vivate 1 109 245 8 T 69 19 76 48 9 9 9 9 9 9 9 90
Nosivske

Slavetne 716 117 215 95 I 65 24 72 430 5 9 7 7 9 9 9 86

Slavetne 718 115 201 94 1 55 34 72 460 9 9 9 9 9 7 7 82

Strateh 710 10.6 245 120 I 48 25 46 390 5 7 7 68 5 7 5 6.1

LCh/97 612 132 275 119 10 52 47 92 392 5 3 5 43 5 3 5 49

Pshenychne 644 112 238 84 I 71 22 81 410 5 5 5 5 5 3 5 54

Karlyk 708 102 205 118 T 59 43 111 440 5 7 7 63 5 5 5 6.l

Table 1 shows that the LCh/97 line is superior to the other accessions in tens of protein and
gluten contents in grain (for example, Slavetne and Strateh): the difference is 14.8-24.5 and 12.2—

34.1%, respectively, although it is inferior to them in terms of the dough and bread qualities.

The study conducted in the northern Forest-Steppe of Ukraine demonstrated that the new
triticale cultivar of Myronosets was responsive to high doses of mineral fertilizers and gave high
grain yield (+ 10-45% compared to other triticale and rye cultivars, depending on sowing rime)

(Table 2).
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Table 2
The grain yield from Myronosets in comparison with other triticale, rye and wheat
cultivars, g/mz, northern Forest-Steppe (Institute of Horticulture NAAS),
average for 2017-2020

Treatment
Sowing time Cultivar Wlthé)cli)tnt;ertgtll)hzers (NPK)yy (NPK) (NPK)oy (NPK)1o
AD 256 961.5 1110.3 1096.5 1184.7 703.5
Myronosets 788.3 839.7 1315.1 1446.6 1607.2
Slavetne 880.7 994.5 1106.7 1744.1 421.8
20 September Borotba* 482.5 652.9 722.6 915.5 612.7
Yuvivata 60** 345.0 375.6 403.5 747.3 851.5
Smuhlianka** 412.6 545.8 488.0 823.9 814.4
LSDy;s 63.2 70.0 79.6 112.6 77.7
AD 256 664.6 920.5 961.6 1276.2 913.6
Myronosets 601.5 783.2 1065.0 1295.0 1694.1
Slavetne 717.5 1022.7 1007.4 1065.3 637.4
30 September Borotba* 629.7 638.3 942.7 891.5 711.8
Yuvivata 60** 440.1 465.9 718.1 955.0 1063.2
Smuhlianka** 356.4 378.5 491.8 563.3 934.7
LSDys 52.8 65.2 80.4 93.8 92.3
AD 256 572.5 714.9 840.3 1128.6 817.3
Myronosets 475.4 656.8 687.5 865.9 1055.3
Slavetne 471.5 662.2 909.0 833.5 761.0
10 October Borotba* 450.3 656.7 597.9 840.1 659.4
Yuvivata 60** 510.0 527.4 659.5 693.2 711.7
Smuhlianka** 493.5 467.2 536.4 579.6 623.0
LSDys 46.1 57.1 71.8 76.6 71.8

* — winter rye; ** — winter wheat.

In 2016-2017, within the framework of the agreement on joint scientific cooperation
between Bila Tserkva NAU, V.M. Remeslo Myronivka Institute of Wheat of NAAS and the
Institute of Horticulture of NAAS, the winter triticale line LCh/97 (as a prototype cultivar
Myronosets) passed a variety pre-trial in the central and northern Forest-Steppe. Positive results in
2017 gave grounds to submit it (under the name of Myronosets) to the State variety trials
(Application No 17022009 dated 21/12/2017). The authors of the cultivar: Demydov OA, Hrynyk
IV, Moskalets VI, Moskalets VM, Khomenko SO, Siroshtan AA, Voloshchuk SI, Moskalets TZ ,
Moskalets VV. The owners of the cultivar: VM Remeslo Myronivka Institute of Wheat of NAAS of
Ukraine and the Institute of Horticulture of NAAS of Ukraine.

The results of the 2019 trial (letter of the Ukrainian Institute of Plant Variety Examination
No 45-3-10-3/1587 dated 18/09/19 to the V.M. Remeslo Myronivka Institute of Wheat of NAAS)
showed that the yield from Myronosets exceeded the average yield from the cultivars that had
passed the state registration within the previous 5 years in the Forest-Steppe and Woodlands by
0.44 t/ha and 0.67 t/ha, respectively.

The results of the 2020 trial (letter of the Ukrainian Institute of Plant Variety Examination
No 45-3-10-2/2592 dated 11/09/20 to the V.M. Remeslo Myronivka Institute of Wheat of NAAS)
demonstrated that the yield from this cultivar exceeded the average yield by 0.2 t/ha in the
Woodlands.

Analyzing the yield data obtained in the 2019-2020 State variety trials, we found that the
yield from Myronosets was higher than the average yield from the cultivars that had passed the state
registration within the previous 5 years in the Forest-Steppe and Woodlands: in the Chernihivska
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Oblast — by 0.77 t/ha, in the Rivnenska Oblast — by 0.41 t/ha, in the Volynska Oblast — by 0.1 t/ha,
in the Ivano-Frankivskska Oblast — 0.64 t/ha, in the Ternopilska Oblast — by 2.6 t/ha, and in the
Sumska Oblast — by 0.75 t/ha (Fig. 6).

Fig. 6. The average grain yield from winter triticale Myronosets in the Oblasts of
Ukraine based on the results of the state variety trials in 2019-2020: conditional check
cultivars for the Woodlands and Forest-Steppe (orange and pink columns in the picture) — the
yields from the cultivars that had passed the state registration within the previous 5 years in
the Forest-Steppe and Woodlands based on the results of the state variety trials

It should be noted that Myronosets was highly resistant to lodging; the average plant height
was 94.4 cm and 95.4 in the Forest-Steppe and Woodlands of Ukraine, respectively; the range
across the country was 81.5-110.5 cm (Fig. 7).
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Fig. 7. The average height of winter triticale Myronosets plants in the Oblasts of the
country, results of the 2019-2020 state variety trials
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Analysis of the state variety trial data showed that in the woodlands the protein content in
Myronosets grain fluctuated within 12.7% in 2019 (Chernihivska and Ivano-Frankivskska Oblasts),
14.3% (Rivnenska Oblast) and 14.9% (Zhytomyrska Oblast). In the Forest-Steppe this parameter
fluctuated within 10.8% (Khmelnytska Oblast), 11.2% (Kharkivska Oblast), 13.1% (Chernihivska
Oblast) and 14.9% (Sumska Oblast). In 2020 in the Woodlands — 12.2% (Zhytomyrska Oblast),
12.3% (Ivano-Frankivska Oblast), 13.7% (Zakarpatska Oblast), and 14.1% (Chernihivska Oblast);
in the Forest-Steppe — 9.2% (Kharkivska Oblast), 10.7% (Chernivetska Oblast), 13.5%
(Khmelnytska Oblast), and 16.1% (Sumska Oblast) (Fig. 8).

Fig. 8. The average protein content in winter triticale Myronosets grain in the Oblasts
of the country based on the results of the state variety trials in 2019-2020

The data indicate that winter triticale Myronosets is a mid-protein cultivar.

In 2021, Myronosets was included in the State Register of Plant Varieties suitable for
cultivation in the Woodlands and Forest-Steppe of Ukraine [32].

It 1s known that to strengthen the competitiveness of triticale one cultivar has to combine
high performance of plants, short stems, high bread-making scores, and complex resistance to
unfavorable environmental factors [18]. In our opinion, this was achieved in Myronosets, which can
serve as a model cultivar.

It should be noted that Myronosets is a source of the short stem. Hybridological analysis of
populations obtained via hybridization in the northern Forest-Steppe (Institute of Horticulture
NAAS) showed that in F; from crossing tall accessions with Myronosets (LCh/97) the "plant
height" trait was depressed in comparison with the parents. However, different types of inheritance
were observed in hybrid combinations originating from LCh/97. Negative overdominance
(depression) was observed in 41.18% of all the combinations; partial negative inheritance — in
23.53%; intermediate inheritance — in 17.65%; and partial positive dominance — in 17.65%. In 10 of
the presented combinations (Table 3), high levels of hypothetical (Ht, %) and true heterosis (Hbt,
%) were noted: T 14-1 x LCh/97 —-22.32 and -31.4; Hurricane x Champions League / 97 —-16.95
and -37.1; Cornet x Champions League / 97 — -23.28 and -31.0, respectively; Kharroza x LCh/97 —
-8.78 and -16.6, respectively. Thus, the phenotypic changes in the traits in F; hybrids indicate that at
the genetic level, the values of the "plant height" trait predominate not only the additive type of
gene interaction, but also others, which is seen as its negative dominance and overdominance. The
average values of negative hypothetical and true heterosis (-7.0 and -15.1, respectively), with a
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medium phenotypic dominance in the hybrid combinations (0.76) indicate the presence of recessive
gene alleles reducing the plant height in the new genotype, Myronosets (or LCh/97 line) (Table 3).

Table 3
Degrees of heterosis and phenotypic dominance for the '"plant height" trait in F; winter
triticale hybrids derived from the LCh/97 line, 2017

Cultivar, line, hybrid

combination P1 P2 F, Ht,% Hbt, % hp* MP BP
Rarytet x LCh/97 115.2 92.5 107.0 3.03 -8.5 0.24 103.85 117.1
T 14-1 x LCh /97 107.6 92.5 75.5 -22.32 -314 -2.47 100.05 110.0
Urahan x LCh /97 168.7 94.5 109.3 -16.95 -37.1 -0.53 131.6 173.8
Polianske x LCh /97 100.3 91.8 92.1 -4.11 -9.3 -0.72 96.05 101.5
Kornetx LCh /97 108.5 90.4 76.3 -23.28 -31.0 -2.10 99.45 110.5
Atlet x LCh /97 105.7 91.5 80.5 -18.36 -25.1 -2.03 98.6 107.5
Prader x LCh /97 90.7 94.3 102 10.27 -0.5 0.95 92.5 102.5
Kandar x LCh /97 103.8 95.2 81.5 -18.09 -22.7 -3.0 99.5 105.5
AD 1668 x LCh /97 112.5 94.4 85.6 -17.25 -25.3 -1.60 103.45 114.6
PRAO 19 x LCh /97 110.7 93.9 110 7.53 -4.9 0.57 102.3 115.7
Amur x LCh /97 95.5 93.5 80.5 -14.81 -17.7 -4.24 94.5 97.8
Ticino x LCh /97 109.3 90.5 120 20.12 -4.6 0.78 99.9 125.8
Kharroza x LCh /97 110.4 93.5 93 -8.78 -16.6 -0.94 101.95 111.5
Slavetne x LCh /97 113.4 92.5 85.5 -16.95 -26.1 -1.37 102.95 115.7
LCh /97 x Slavetne 90.5 114.5 103.5 0.98 8.5 -0.14 102.5 95.4
Pshenychne x LCh /97  99.7 92.5 95.6 -0.52 -6.7 -0.08 96.1 102.5
LCh /97 x Pshenychne ~ 92.8 101.6 97.5 0.31 2.1 -0.18 97.2 95.5

* hp — degree of dominance; F, — arithmetic mean for a F; hybrid; MP — arithmetic mean for
the both parents; BP — arithmetic mean of a parent with the maximum expression of the trait.

Previous studies indicate that the Myronosets genotype carries the wheat gene Rht-B1b [33],
which causes a decrease in the plant height by 15-17% and increase in the yield by <20%. It is
known that the allele RAt-B1b resulted from mutation of the wild-type allele Rht-Bla (which is an
ortholog of the Arabidopsis GAI gene and encodes the DELLA protein, which consists of the N-
terminal domain responsive to gibberellic acid (GA) and C -terminal region functioning as a
repressor [gene expression inhibitor] the GA signal) [34, 35]. One pair of nucleotides was replaced,
and the stop codon TAG appeared downstream from the translation initiation site [35], resulting in
the DELLA protein with a shortened N-terminus. This disrupts the GA-GID1-DELLA interaction
and subsequent degradation of the DELLA protein [36]. In addition to wheat genes, we assume that
the genotype of the new triticale cultivar carries the most convenient and important for breeding
dominant the rye gene HI (Ddwl) determining the short stem, which is a homologue of the wheat
gene Rhtl2 of dwarfness [37, 38], located on the long arm of chromosome 5R [39] and closely
linked to the microsatellite locus REMS1218 discovered by Volodymyr Kobylianskyi in 1972 [40]
in a natural mutant rye EM-1. Our assumption about the presence of the gene H/ in Myronosets was
confirmed by significant changes in the phenotypes of F; hybrids. They indicate that this gene has a
wide pleiotropic effect: an increased spike length, increased numbers of flowers and grains in the
main spike, a strong root system, increased coefficient of tillering, increased leaf surface, etc. [40].
Therefore, the new cultivar is expedient to include in breeding for developing short-stemmed
cultivars to prevent triticale lodging, in particular at high doses of nitrogen fertilizers.

It should be noted that a decrease in the height in hybrid plants was observed in reverse
crosses. It is noteworthy that, when cultivars Polianske, AD 1668, Kandar, Kharroza, Slavetne,
PRAO 19, etc. were crossed with the LCh/97 line, partial negative inheritance and negative
dominance were observed for the traits of "spike length", "grain weight from the main spike",

nn

"grain number in the main spike","upper internode length", and "grain weight per plant". Therefore,
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to create new high-yielding and lodging resistant winter triticale cultivars, we recommend using
Myronosets as a parent, as there is a high probability of selection of short-stemmed and productive
accessions.

Therefore, to overcome the problem of tall triticale in breeding, Myronosets can be used in
crossing as a parent or a donor (source of genetic material for recombination in the recipient
genome). Hybrids originated from Myronosets had shortened stems, increased lodging resistance,
increased number of flowers, spikelets and grains per spike, augmented pollen fertility, which, as it
was reported in [41], occurs due to enhanced influx of assimilates during the spike formation.

In the future, we are planning to continue studying genes that regulate plant height in
Myronosets, to develop molecular markers for their identification as well as to apply and validate
these markers for hexaploid triticale.

Conclusions. The new triticale cultivar of Myronosets gives a high yield of over 7.5 t/ha, is
resistance to lodging, shedding, spike brashness, and in-spike germination, shows complex
resistance to P. recondita f. sp. tritici Rob. ex Desm, B. graminis (DC.) Speer, and F. graminearum
Schwabe, and to the pest Mayetiola destructor Say, highly frost tolerant, winter hardy, drought
resistant (8.5-9 points). About 70% of plants survive after freezing in the laboratory at -18.3°. The
cultivar is also resistant to spring and autumn frosts (9 points). Myronosets plants are able to
regulate their performance under the influence of unfavorable extreme bio- and abiotic factors.

The qualification examination showed that Myronosets was a mid-protein cultivar (13.5% of
protein in grain). The cultivar is recommended for growing in the Woodlands and Forest-Steppe. In
addition, Myronosets is valuable for combination breeding as a source of the short stem.
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MHPOHOCELb — HOBHH ITPOJIYKTHBHHH I BHCOKOBLIKOBHH COPT
TPUTHKAJIE O3HMOI' O, ATAIITOBAHHH JO YMOB I10JIICBKO-JIICOCTEIIOBOTO I
JIICOCTEITOBOI' O EKOTOIIIB YKPAIHH

Mockajsenp B.B.l, Mockanenpb B.I.z, Mockasenb T.3.1, I'punuk I.B.l, JlemuoB O.A.3, Bonomyx C.I.S,
Xomenko C.0.

! Inctutyt cagiBaunTBa HAAH Vkpainu

* HociBcbKa ceNeKIiiHO-10CTiIHa cTanis MHpOHIiBCHKOTO iHCTHTYTY MIIeHHMI iMeri B.M.
Pemecna HAAH Vkpainn

3 MuponiBcbKuit iHcTHTYT murenmi iveri B.M. Pemecia HAAH Vkpainu

Mera i 3aga4i g1ocaizKeHHS] — CTBOPUTH HOBUM NMPOAYKTUBHUHN 1 BHCOKOOITKOBUM COPT TPUTHKAIIE
03MMOT0, aJJalITOBaHUH JI0 MOJIICHKO-JIICOCTENOBOTO 1 JIICOCTENOBOIO €KOTOIY Y KpaiHH.

Marepian ta meroamka. CenekuiiiHy poOOTy 31 CTBOPEHHS HOBOTO PI3HOMAHITTS TPUTHUKAJE
IPO/IOBXKYBAJIM BUKOHYBaTH B HaBUAIbHO-HAYKOBOMY JOCIITHOMY LEHTpi binonepkiBcbKoro
HAI[IOHAJILHOTO arpapHoro yHisepcutety Brpoaosxk 2007-2017 pp. KontponbHe Ta ekonoriuxe
BUNIPOOyBaHHA MpoBeaeHo BIpoaoBx 2009-2019 pp. B ymoBax Ilomicest (IHCTUTYT cinbecbKoro
rocriogapctsa Ilomiccs HAAH (2007-2009 pp.; nonepennuku: 3aiiHaTHil nap), LlenTpanbHOro
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Jlicocteny (MupoHiBchbkuid iHCTUTYT mimenmii iMeni B.M. Pemecma HAAH (2016-2019 pp.;
NOTIEPETHUKH: TIpUuIld, cOsi, Topox Ha HaciHHsi;, bimonepkiBebkuit HAY (2009-2016 pp.;
MONIEPETHUKHU: 3aiHATUH map, kaptorms), IliBHiuHOro Jlicocrenmy (IHCTHTYT camiBHUIITBA
HAAH» (2016-2017 pp.; nomepenHuku: OaraTopiuHi TpaBu). 3acoOM 3aXHCTy POCIUH He
3aCTOCOBYBaIM. BuxigHum wMarepiaioM OyJad COPTH PIZHOTO  €KOJIOro-reorpadiyHoro
MOXO/KEHHST BITYM3HSHOI 1 3apyOikHOi cenekiii — tputukane: CnasetrHe (UA), [TmeHuune
(UA), Yasu (UA), TAY 5 (UA),Yparan (UA), Jlangae (UA), Papurer (UA), Xappoza (UA),
[Toniceke 7 (UA), Anacy (BLR), Woltario (POL), Ytpo (BLR), Pigmei (POL), Triticale 64
(HUG), Kandar (SVK), Gorun 1 (ROM), Haduk (ROM, Prader (SV), Al 1668 (RU), [IPAO 19
(RU), Koprer (RU) Ta iH. Hamanoro Ha goroBipHiii ocHoBi HIII'PPY IP im. FOp’eBa HAAH.
['Opuau3amito BHKOHYBaIM CIIOCOOOM pPy4HOi KacTpalii MaTepUHCHKHMX KOMITOHEHTIB Ta
3alUJICHHS. «TBEJI-METOJOM» uepe3 2-3 nmo0u micns Kactpauii. BuBYeHHs cenekuiiHOro
MaTepiaqy MPOBOJWIM 3TiIHO MeToAuYHuX BKaziBok BIP Ta wmetomuku [lep:kaBHOTO
coproBunpoOyBannsa [30]. MaremaTuyHO-CTaTUCTHYHY OOpOOKY manux mposommau 3a b.O.
JlociexoBUM Ta 3 BUKOPUCTAHHSIM KOMIT FOTEpHHUX ITporpam Statistica-5.5 ta Excel-2003.

O0cy:x1enune pe3yjbTaToB. B ymoBax nientpanpaoro Jlicocremy B 2008 p. METOI0M MEKCOPTOBOT
riopuamzaiiii B Mexax HOTOpoay XTriticosecale 1 TBOpa30BUM 1HAMBIAYaJbHUM J10OOPOM 3
ribpunnoi momymsawii, orpuManoi Bix cxpenryBaHHs (ABrycto X fAryap) x K9844/93, B Fo—F,4 i
MOBTOPHUMH TOJNINIIYIOUYUMH Binbopamu B Fjo Buaineno kpamy minito JIY/97 (copt
MupoHocelb).

[TokxazaHo, 1110 HOBUI COPT TPUTHUKAJE XapaKTEPU3YETHCS BUCOKOIO BpOXKaHICTIO — Oing 7,5 T/ra,
NPy CepelHii ypokaifHOCTI 3epHa B ymoBax mepexignoi 3ouu Jlicocten-Ilomices — 5,7 T1/ra,
neHTpaibHoro Jlicocreny — 6,3 1/ra ta [lomices — 3,5 T/ra, BUCOKOIO CTIMKICTIO O BUJISITAHHSA,
oOCHIIaHHs, JTAMKOCTI KOJIOCa, MPOPOCTAaHHS 3€pHA B KOJIOCI, KOMILICKCHOIO CTIMKICTIO [0
ypaxeHHs 30ynHUKaMHu Oypoi JMCTKOBOI ipKi, OOpOIIHUCTOI pocu, (y3apio3y Kojoca Ta
MOIIKO/DKCHHSI POCIIMH  TECEHCHKOI0 MYXOK, BHCOKOIO MOpPO030- Ta 3HMOCTIHMKICTIO,
nocyxocTiiikictio (8,5-9 GainiB), 3MMOCTIHKICTIO 32 IITYYHOTO MPOMOPOXKYBaHHS — Onu3bko 70
% (xpuTH4Ha TeMiieparypa BuMep3anas -18,3° C), CTIMKICTIO 10 BECHSHHX 1 OCIHHIX 3aMOPO3KiB
— Ha piBHI 9 OaiiB.

Y CcTaHOBIIEHO, IIO POCIWHU COPTY MHpPOHOCEIs 3[IaTHI PETyIIOBaTH CBOIO NMPOIYKTUBHICTH TiX
BIUIMBOM aHOMAaJbHMX OIOTHYHHMX Ta a0lOTMYHUX (HAKTOpIB CepeloBHINA, 3ainumaruu 3—4
(3piaka 1-3 mT.) NpOAYKTUBHUX cTeOsa, yacTo 1-3 cTebia 3 HEJOPO3BUHYTUM KOJIOCOM 1 1-2
niaciau (creben 6e3 kooca).

BucnoBku. 3a nmanuMu KBamiQikaiifHOT eKCIEPTH3U 3€pHO COPTy MUpPOHOCEIb BIIHOCUTHCS 0
cepenubo0inkoBux (13,5%). CopT pexomMeHIoBaHO 10 BHUpPOIIYBaHHA B 30Hax [lomiccs i
Jlicocreny. OkpiM 11bOr0, COpT MUpPOHOCELD € LIHHUM JUIsi KOMOIHALIHHOI CeNeKIii K JKEepeso
KOPOTKOCTEOIIOCTI.

Knwuogi cnoea: mpumukane osume 2ekcanioiono2o pi6Hs, HOSUL COPM, a2poeKoNo2iuHa ma
20Cn00apcbKa Xakmepucmuka, 0OHOp KOPOMKOCmMeO10Cmi.

MHPOHOCEL] - HOBBIH ITPOH3BOJHUTEJIBHBIH H BbICOKOBE/IKOBBIH COPT
TPUTHKAJIE O3HMOI' O, A/TAIITHPOBAHHBIH K YC/JIOBHM ITOJIECCKO-
JIECOCTEITHOI'O H JIECOCTEIIHOI' O 9KOTOIIOB YKPAHHBI

Mockaren B.B. ', Mockarer T.3'., I'peiabix U.B. !

: Nucturyt canoBonctsa HAAH Ykpaunst

Mockarnen B.1.?

> HocoBCKast CelIeKIHOHHO-OMBITHAS CTaHIMsT MHPOHOBCKOTO HHCTHTYTA MIICHHIB! nMeHn B.H.
Pemecna HAAH VYkpaunsl

Jlemuznos O.A.°, Bonomyk C.1.°, Xomerko C.O.>

3 HNucturyt canoBoactsa HAAH Ykpaunsl
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Heanb u 3apaum uccje0BAHUA — CO3/1aTh HOBBIM MPOM3BOIUTEIBHBIA M BHICOKOOCIKOBBIA COPT
TPUTHKAJIE O3MMOT0, aJIalTUPOBAHHBIA K YCIOBUSM IOJIECCKO-IECOCTEITHOTO U JIECOCTEIHOIO
SKOTUINOB Y KpauHbI.

Matepuanbsl u Meroauka. CelneKIMOHHYIO pPabOTy TO CO3JaHUI0 HOBOTO MHOTO0Opa3us
TPUTHUKAJIE MPOJODKAIU  BBIIOJHATH B  y4eOHO-HAyYHOM HCCJIENOBATEIIbCKOM  IEHTpE
benonepkoBCcKOro HalMOHAIBHOTO arpapHoro yHuBepcutera B TedeHue 2007-2017 rr.
KonTponbHoe u skonornyeckoe ucnbsitanue nposeaeHo B TeueHue 2009-2019 rr. B ycinoBusix
[Tonecwst (MucTuTyT cenbekoro xo3siicta [lonecsst HAAH, 2007-2009 rr.; npeaniecTBeHHUKU:
3aHATeIA map), llenTpanbHoii Jlecoctenn (MHUpPOHOBCKHMI WHCTUTYT mineHHWII umeHu B.H.
Pemecia HAAH, 2016-2019 rr.; npenmecTBEHHUKU: TOpYMIIA, COsl, TOPOX HAa CEMEHa;
benmonepkorckuit HAY, 2009-2016 rr.; npeamecTBeHHUKU: 3aHAT nap, kaptodens), CeBepHOU
Jlecocrenn (Uuctutyt capoBoactea HAAH, 20162017 rr.; npeaiiecCTBEHHUKNA: MHOTOJICTHHUE
TpaBbl). MuHepanabHble YAOOpEeHHS U CpPEICTBA 3alllUThl PACTEHUH HE TNPUMEHSIIH.
['uOpuan3anuio BBITOTHSUIM CIHOCOOOM PYYHOH KACTpallid MAaTEPUHCKUX KOMIIOHEHTOB U
3aMbUIEHHOCTH «TB3JI-METOAOM» 4epe3 2—3 CyTOK Ioclie KacTpauuu. M3ydueHune ceneKImoHHOTO
MaTrepuaia POBOAWIN COINIACHO MeToandecKkux ykaszanuid BUP u meroauku ['ocynapcTBeHHOTO
COpTOUCIIBITAaHUS. MaTeMaTH4eCKN-CTaTUCTUYECKYI0 O00pa0OTKY JdaHHBIX OCYIIECTBISUIA IIO
b.A. JlociexoBy M C HCIIOJIh30BaHUEM KOMITBIOTEPHBIX TIporpamm Statistica-5.5 u Excel-2003.

O0cyxnenne pe3yabTatoB. B ycnoBusx uenrpanbHoil Jlecocrenu B 2008 MeTO10M MEKCOPTOBOM
rUOpUAM3AIIH B IpeiesiaX HoTopoia X Triticosecale u MByKpaTHBIM WHIWBHYaTbHBIM OTOOPOM
13 TUOPUIHOM HOMYJALUHM, ONyYeHHON oT ckpemmBanus (P Asrycro x JSIryap) x 3K9844 /93
no3onuin B F,—F4 u moBropHbIiME ynydmatomumu otoopamu B F o, BBIIETUTE TyUYIIyIO TUHUIO
JIY /97 (copt Muponocenp).

[TokazaHo, YTO HOBBIH COPT TPUTHKAJIE XapaKTEPHU3YETCS BHICOKOW ypOXKailHOCTBIO — Oosee 7,5 T /
ra, Ipyu CpeHEN ypOKalHOCTHU 3€pHA B YCIOBUAX HepexoaHou 30HbI Jlecocrenu-Ilomecbe — 5,7
T /ra, neHTpabHoi Jlecoctenu — 6,3 T/ ra u [lonecke — 3,5 T / ra, BRICOKOW YCTOMYHUBOCTBIO K
MOJIETAHUIO, OCBHIMMAHUIO, JIOMKOCTH KOJIOCa, MPOPACTaHUI0 3€pHAa B KOJIOCE, KOMILJIEKCHOM
YCTOMYMBOCTBIO K NOPAKEHHUIO BO3OYAUTEISIMU Oypoil IMCTOBOM prKaBUMHBI, MyYHUCTON POCHI,
dy3apuo3a Koioca U TMOBPEXKJIECHUS PACTEHHI T'eCCEHCKON MYXOii, BBICOKOW MOPO030-, 3UMO-,
3acyX0ycTON4YUBOCTHIO (8,5—9 6aios). [Ipu UCKYCCTBEHHOM ITPOMOpPAaKUBAHUU TPUTHKAIIE IPU
temneparype munyc 18,3 °C BepkuBaer okono 70% pacteHnil. COpT XapaKTepU3yeTCsl TaKkKe
BBICOKOUM YCTOMYMBOCTHIO K BECEHHUM U OCEHHUM 3aMOpo3kam (9 6amioB).

YcTaHOBNIEHO, YTO  pacTeHuss copTa  MUpOHOCEIh  CHOCOOHBI  PEryjaupoBaTh  CBOIO
MIPOU3BOUTEBHOCTD MPU BO3/IEHCTBUH aHOMAJBHBIX OMOTHYECKUX M a0UOTHYECKUX (haKTOPOB
OKpyXaromiel cpensl, octaBisisi 3—4 (pexe 1-3 mr.) miuogoHocsammx crebieit, wacro 1-3
cTebmeil ¢ Helopa3BUTHIM KoocoM U 1-2 noacens (cTedieit 6e3 Kosioca), KOTopble POPMUPYIOT
MPUKOPHEBYIO PO3ETKY.

BoiBoabl. [1o gaHHBIM TOCYIapCTBEHHOTO COPTOUCIIBITAHUS 3€PHO copTa MUpPOHOCEIh COAEPKUT
12,7-13,5% Oenka U peKOMEHIOBaH IS BbIpalllMBaHUA B arpodkocuctemax I[lomeces u
Jlecocrenu. YcraHoBIEHO, 4TO copT Muponocens ABIIAETCS HUCTOYHUKOM
KOPOTKOCTEOETbHOCTH.

Knrouesvie cnoea: mpumukaie  Oo3umdas 2eKxcaniouoro2o YpOe6HA, HOBbIU copm,
azcpoaokKosioeudeckasi u X035UCMBEHHAS xapakmepucmuka, ()OHOP KOpOmKOCm€6€]leOCmu.

MYRONOSETS — A NEW PRODUCTIVE AND HIGH-PROTEIN WINTER TRITICALE
CULTIVAR, ADAPTED TO THE WOODLANDS/FOREST-STEPPE AND FOREST-STEPPE
OF UKRAINE

Moskalets V. V.

Institute of Horticulture National Academy of Agrarian Sciences of Ukraine
Moskalets V.1

207



Nosivka Breeding and Research Station the V.M. Remeslo Myronivka Institute of wheat National
Academy of Agrarian Sciences of Ukraine

Moskalets T.Z., Grynykl.V.

Institute of Horticulture National Academy of Agrarian Sciences of Ukraine

Demidov A.A., Voloshchuk S.I., Khomenko S.O.

The V.M. Remeslo Myronivka institute of wheat National Academy of Agrarian Sciences of
Ukraine

The creation of new triticale genotypes, the potential of which to a certain extent would meet
scientific and production needs, will never lose its relevance.

Purpose and objectives — to create a new productive and high-protein winter triticale cultivar,
adapted to the Woodlands/Forest-Steppe and Forest-Steppe of Ukraine.

Materials and methods. The breeding work to expend the triticale diversity was continued at the
Educational and Research Center of Bila Tserkva National Agrarian University in 2007-2017.
The control and environmental trials were conducted in 2009-2019 in the Woodlands (Polissya
Institute of Agriculture NAAS (2007-2009); predecessor: seeded fallow), central Forest-Steppe
(V.M. Remeslo Myronivska Institute of Wheat NAAS (2016-2019); forecrops: mustard,
soybean, pea for seeds; Bila Tserkva NAU (2009-2016); predecessors: seeded fallow, potato),
and northern Forest-Steppe (Institute of Horticulture NAAS (2016-2017); forecrop: perennial
grasses). No mineral fertilizers were applied. No plant protection measures were taken.
Hybridization was performed by manual emasculation of female components. Plants were
pollinated by the twirl method 2—-3 days after emasculation. The breeding material was studied in
compliance with the guidelines of the All-Union Research Institute of Plant Breeding and the
methodology of the state cultivar trials. Data were statistically processed, as B.A. Dospekhov
described, using Statistica-5.5 and Excel-2003 software.

Results and discussion. We focus on the importance of triticale for mankind both at the present
and in the future. We retrospectively reviewed data on the creation of a new winter triticale
cultivar, Myronosets. Bioecological features and morphological characteristics of the new
cultivar are given. The grain yield and quality are also summarized. The article covers the
quantitative parameters of dough and bread from Myronosets grain. We compared the yields,
resistance to lodging, in-spike germination, resistance to fungal pathogens and unfavorable
abiotic environmental factors in the new triticale cultivar and previously created ones.

The data of the 2019-2020 state variety trials of Myronosets are analyzed, and they indicate that the
new cultivar has a high potential in agroecosystems of the Woodlands and Forest-Steppe of
Ukraine.

Myronosets was found to be a source of the short stem (<90 cm) in subsequent hybrid generations.

In 2008, interspecific hybridization within the notogenus x Triticosecale and double individual
selection from F»-F, hybrid populations derived from crossing (YAvhusto x JYahuar) x
3K9844/93 followed by repeated improving selections in Fyq allowed us to distinguish the best
line, LCh97, which was later named as cultivar Myronosets.

The new triticale cultivar can give > 7.5 t/ha. The average yield is 5.7 t/ha in the Forest-Steppe —
Woodlands transition belt, 6.3 t/ha in the central Forest-Steppe, and 3.5 t/ha in the Woodlands. It
i1s noticeable for high lodging resistance, high shedding resistance, low spike brashness,
resistance to in-spike germination, complex resistance to Puccinia recondita f. sp. tritici Rob. ex
Desm (8.5 points), Blumeria graminis (DC.) Speer (9 points.), and Fusarium graminearum
Schwabe (8.5 points) and to to the pest Mayetiola destructor Say (8.5 points), high frost
tolerance, high winter hardiness, and high drought resistance (8.5-9 points). About 70% of plants
survive the laboratory freezing at -18.3°C. The cultivar is also resistant to spring and autumn
frosts (9 points).

Myronosets plants were revealed to be able to regulate their performance under the influence of
unfavorable extreme bio- and abiotic factors, leaving 3—4 (more seldom 1-2) fruiting stems,
often 1-3 stems with underdeveloped spikes and 1-2 unfertile stems without spikes, which form
a radical rosette.
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Conclusions. As it was shown in the state variety trials, Myronosets is a mid-protein cultivar and
recommended for cultivation in agroecosystems of the Woodlands and Forest-Steppe.
Myronosets was proven to be a source of the short stem

Key words: hexaploid winter triticale, new cultivar, agroecological and economic
characteristics, donor of the short stem.
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