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SOURCES OF HIGH ADAPTABILITY, YIELD AND BAKERY
PROPERTIES IN TRITICALE

The results of research on the identification of sources of valuable economic traits
(adaptability, yield, baking properties) of triticale, which have consistently high quality of
gluten, dough and bread, are presented. The pedigrees, morphological, biochemical and
technological characteristics of cultivars registered in Ukraine for the period from 2019 to
2024 are described. According to the research results, the varieties with high yields and
good baking properties were identified: Pudik, Tymofii, Zlatoust, Adam, Yelan,
Oleksandra, Mileva. The plant height is 85-105 cm; the winter hardiness and drought
tolerance scores are 8-9 points; the grain yields potentially exceed 12 t/ha; the scores of
resistance to powdery mildew, head and loose smuts are 9 points; the scores of resistance
to snow mold, Fusarium head blight and rust are 7.5-9 points. The dough quality
(formation time, resistance to kneading, stability, liquefaction), volume yield of bread, loaf
volume, and total bread-making score meet the requirements for class 1 bread wheat.
Keywords: ftriticale, grain yield, intraspecies hybridization, multiline cultivars,
morphological characteristics, bread-making parameters.

INTRODUCTION

The influence of triticale on the global grain production is increasing due to the creation
and introduction of cultivars that can potentially yield a lot, are resistant to biotic and abiotic
factors, and show excellent feed, food and bread-making properties of grain [1-3].

The main factor in the growth of the gross production of triticale grain is its
unpretentiousness to soil conditions, drought resistance, high yield potential and the possibility of
use in organic farming. This makes it possible to grow it in conditions that are unsuitable for
growing the main grain crop — wheat [4, 5]. Triticale is mainly used as a fodder crop - for grain
fodder and green fodder, since it has a high protein content with an optimally balanced amino acid
composition. The use of triticale for food purposes is also a very promising direction. Due to the
variety of biologically valuable compounds in the composition of triticale grain, it has great
potential for the production of food products and beverages. Recently, the use of triticale in the
food industry has expanded, most of all in the baking industry. Triticale bread surpasses wheat in
nutritional value. Due to the high content and balance of valuable chemical compounds, triticale
products play an important role in the dietary nutrition of people with metabolic disorders.
Triticale grain contains a significant amount of phenolic and flavonoid compounds, vitamins,
macro- and microelements. Whole grain triticale flour is especially valuable [6].

Modern varieties of winter triticale are characterized by high and stable grain and green
mass yields, better nutritional and feed value compared to wheat (increased content of glycine,
tryptophan, carotenoids, microelements, etc.), resistance to adverse factors (low or high
temperatures, sandy and acidic soils, diseases, etc.). In evolutionary and genetic terms, the most
important advantage of the crop is its ability to be improved more quickly by breeding methods
compared to wheat and rye [7].

Today, an important problem for triticale is improving grain quality and its effective use
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for the production of bakery products and other food products [8].

The large researches and technological works conducted by scientists in different countries
over the past two decades open up a wide opportunity for businesses to distribute triticale food
products for healthy and tasty human nutrition.

These requirements are largely met by cultivars (cv.) Tymofii, Yelan, Pudik, Oleksandra,
Adam, Yehor, Zlatoust, Maliuk, and Tryfon, which were registered in Ukraine in 2019-2024, as
well as by new cv. Mileva and Donald, which were submitted for state trials in 2023 and 2024,
respectively [9-12].

The purpose of the research was to study the adaptive, yield and baking properties of
winter and alternate triticale varieties registered in Ukraine in 2019-2024 and to identify sources
of valuable economic traits for breeding this crop.

MATERIALS, METHODS AND RESEARCH CONDITIONS

Triticale cultivars and lines with opposite growth habits, i.e. winter, facultative, and spring
ones, were used to create starting materials by intraspecies hybridization.

Varietal testing was carried out according to the Methodology of qualification examination
of plant varieties [13]. The sowing rate was 5 million grains per hectare. At all stages of the
breeding process, during the growing season, the duration of the emergence-earing and earing-
maturing periods was determined; the density and evenness of the plant stand, resistance to
diseases (septoriosis of leaves, wheat leaf rust), lodging and plant height were assessed. The yield
was determined, the fullness and size of the grain were assessed. The spectrometry method was
used to promptly determine the protein and starch content in the grain. The baking properties of
the varieties were assessed according to a set of characteristics. Baking, assessment of bread
parameters, and technological properties of flour were performed according to the recipe and scale
for triticale [14].

Dough conditioner-free loaves were baked in accordance with the following dough recipe:
67-70% yield flour — 100 g, dry yeast — 1.3 g, salt — 1.5 g, sugar — 4.5 g, water — adjusted for water
absorption capacity.

The 13 registered and new varieties of winter and alternate triticale which were evaluated for
morphobiological characteristics and technological properties were used as the research material. For
comparison, the best registered variety — the standard of baking qualities Rarytet, was used.

Field research was carried out in the breeding crop rotation of the experimental base of the
Yuriev Plant Production Institute of the National Academy of Agricultural Sciences (YPPII),
which is located 15 kilometers from the city of Kharkiv (eastern part of the forest-steppe of
Ukraine). The predecessor was peas.

The soil cover is represented by a thick, slightly leached black soil on silty-loamy loess
with a humus layer thickness of 75 cm and more with a humus content of 5.5-7.3%; it is
characterized by an agronomically valuable granular-lumpy structure, good physical and
mechanical properties, and large reserves of substances available to plants. The reaction of the soil
solution 1is slightly acidic (pH=5.7-6.0). The soil cover of the experimental fields is
homogeneous, which is one of the main conditions for obtaining reliable data. Hydrolytic acidity
1s 0.76-0.99 ml per 100 g of soil. The climate in the research area is temperate continental. The
average annual air temperature is 6.7 °C. The summer months are characterized by a rather high
air temperature: the average multi-year temperature in June is 19.1 °C, in July 21.0 °C, in August
19.7 °C [15].

RESULTS AND DISCUSSION
Eight short-stemmed triticale cultivars, which can be grown under various conditions
(steppe, forest-steppe, woodlands) were registered in 2019-2024. The cultivars were bred via
intraspecies hybridization of triticale and multiple individual selections from a hybrid population
Rarytet/KHAD 7. The cultivars’ pedigrees include winter wheat cultivar (cv.) Bezostaya 1, spring
wheat cv. Kharkivska 8, winter rye cv. Saratovskaya krupnozyornaya and Kharkivske 55, spring
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rye cv. lonsave, spring triticale cultivars and lines GTA418, L-5, MC-1, Kharkivskyi 41, and Aist
kharkivskyi, facultative triticale lines and cultivars AD 77, AD 77/75, AD 8/192, and KHAD 7,
and winter triticale lines AD 1, AD 206, AD 3/5, AD 547, and Rarytet (fig. 1).

Tall winter triticale AD 3/5 was crossed with spring medium-tall line L-5 in 1980. From
the resulting hybrid population, facultative triticale accessions with increased frost tolerance were
selected. They were crossed with spring and winter accessions in 1985-1988. Highly productive,
medium-tall lines with winter growth habit with contrasting indicators of gluten quality were
selected from combination Aist kharkivskyi // AD8-192/AD547. From these lines, multiline cv.
Rarytet was derived.
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Fig.1.Pedigree of the bread triticale cultivars

While creating breeding materials of triticale with top quality grain, we found that both
values of the most important indicators (dough springiness, extensibility and liquefaction) in
parental forms and peculiarities of their inheritance were of decisive importance. In this regard,
top quality cultivars with dominant and superdominant inheritance of gluten, dough and bread
qualities (which is very rare) are most valuable. Cv. Rarytet is an example of such cultivars.

The most successful hybrid combination, Rarytet/KHAD 7 was obtained in 2009. The
crossing was aimed at combining the parental forms grain quality specifics: springy, but
insufficiently stretchable gluten of winter cv. Rarytet with the most elastic gluten (among the
available assortment) of facultative line KHAD 7.

The hybrid population from crossing the tall parents, cv. Rarytet and KHAD 7, was
characterized by very broad morphogenesis. Thus, the plant height varied from 40 to 170 cm. In
F» and subsequent generations, elite plants were selected from combination Rarytet/KHAD 7 with
concurrent testing of the population and hybrid progeny in contrasting zones in autumn sowing.

The low-stemmed cultivars yielded over 12 t/ha due to formation of large kernels (the
thousand kernel weight is 48-56 g) regardless of vegetation conditions cv. Pudik, Tymofii,
Lukaszewski, Zlatoust, increased density of fertile stems amounting to 520-580 stems/m? provided
optimal sowing timeframes (facultative cv. Yelan, Oleksandra, Mileva), and, to a large extent,
great amounts of kernels per spike (55-67 kernels) because spikes had a lot of spikelets (32-36)
and each spikelet had several kernels (3-6 kernels). High amounts of kernels in spikes are intrinsic
to all new short-stemmed triticale cultivars, especially to cv. Adam, Zlatoust and Tryfon, ensuring
consistently high yields in arid areas. Thus, cv. Tymofii yielded 6.30-10.23 t/ha of grain in
competitive trials in 2014-2021. The mean yield of this cultivar across eight years amounted to
8.98 t/ha, which was 2.28 and 3.06 t/ha more than the check triticale cultivar Rarytet and the
check wheat cultivar Podolianka yielded, respectively.
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In comparative trials after black fallow in 2020-2024, the maximum yield of over 10 t/ha
was harvested from cv. Oleksandra, Lukaszewski, Zlatoust, and Tryfon (table 1). The best yield of
11.65 t/ha was harvested from cv. Lukaszewski. The mean yield of the tall triticale cultivars across
five extremely dry years varied from 5.31 t/ha (Pavlodarskyi) to 6.59 t/ha (Yaroslava); the mean
yield of the short-stemmed cultivars varied from 7.33 t/ha (Pudik) to 8.18 t/ha (Tryfon). Under
these conditions, bread wheat cultivars of different origins were inferior to all triticale cultivars:
the wheat cultivars yielded 0.15-0.78 t/ha less than the tall triticale cultivars and 2.25-2.88 t/ha
less than the short-stemmed ones.

Table 1. Characteristics of triticale and wheat cultivars (competitive trials YPPII, fallow,
mean for 2020-2024)

Regist| Plant | -E B Grain yield, t/ha
ration | height, | 2 £ | 5, & 2 Mean +to
Cultivar Country | year | cm | & & 5 £ 3| min-max | for5 | Check Check
| Ag & years | cultivar 1 | cultivar 2
o
Triticale
Rarytet, ch. cv. 1 | Ukraine | 2008 128 8 8 4.17-7.85 | 5.38 0 -2.10
Donets Ukraine | 2018 140 9 9 4.10-7.45 | 5.64 +0.26 —1.84
Pavlodarskyi | Ukraine | 2019 153 9 9 4.09-7.55 | 5.31 —-0.07 —2.17
Yaroslava Ukraine | 2018 132 8 9 527-795 | 6.59 | +1.21 —0.89
Tymofii, ch. cv.2 | Ukraine | 2019 90 8 9 5.38-9.70 | 7.48 +2.10 0
Pudik Ukraine | 2020 83 9 9 5.26-9.10 | 7.33 +1.95 -0.15
Yelan Ukraine | 2020 92 7.5 9 5.16-9.59 | 7.46 | +2.08 —0.02
Oleksandra | Ukraine | 2020 96 7.5 8 4.76-1098 | 7.57 | +2.19 +0.09
Lukaszewski | Ukraine | 2022 92 9 9 5.24-11.65| 799 | +2.61 +0.51
Zlatoust Ukraine | 2023 85 9 9 5.38-10.69 | 7.78 +2.40 +0.30
Tryfon Ukraine | 2024 81 9 9 5.48-10.9 | 8.18 +2.80 +0.70
Bread wheat

Podolianka | Ukraine | 2003 90 7.5 8 2.16-7.44 | 4.60 | —0.78 —2.88

LSDy.s 0.83

The short-stemmed triticale cultivars successfully went through state trials. The results for
cv. Tryfon in the extremely dry 2024 season are very indicative in this regard: the mean yield was
8.32 t/ha in the forest-steppe (+1.95 t/ha to the check cultivar) and 6.34 t/ha in the woodlands
(+0.74 t/ha to the check cultivar).

Multiple laboratory baking tests in Ukraine, the US and Poland demonstrated excellent
bread-making parameters of the new triticale cultivars [5, 6]. Thus, in a competitive trial at the
YPPI in 2016-2024, the protein content in grain of cv. Tymofii was 15.1%; the gluten deformation
index (GDI) was 52 units; the dough springiness was 86 mm; the dough extensibility was 80 mm;
the flour strength was 2135, the conditioner-free loaf volume from 100 g of flour was 690 cm?, and
the total bread-making score was 9.0 points (table 2).

Table 2. Technological characteristics of the triticale and wheat cultivars (competitive trials,
fallow, meanfor 2020-2024)

Protein | GDI, Dough Flour Dough Dough | Loaf Total
content | units - — strength | stability, | liquefac | volume, | bread-
Cultivar in grain, Spring ex_t?nSI min. tion, cm? making
% iness, | bility, farinogr. score,
mm mm units points
1 2 3 4 5 6 7 8 9 10
| Triticale
Pavlodarskyi| 153 | 95 | 46 | 30 | 6 | 71 | 190 | 435 | 6
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Table 2, end

1 2 3 4 5 6 7 8 9 10
Rarytet 13.5 55 75 74 199 13.6 17 635 9
Tymofii 15.1 52 86 80 215 15.4 24 690 9

Yelan 13.9 50 70 79 228 18.0 22 805 9
Oleksandra | 14.1 50 85 68 205 12.8 11 685 8.6
Lukaszewski | 14.3 55 75 78 195 13.5 15 690 8.5
Zlatoust 13.8 52 86 80 215 154 15 690 9
Tryfon 14.7 50 81 78 287 15.0 15 640 9
Mileva 13.8 50 72 81 230 18,0 17 765 9
Donald 14.9 55 83 85 280 15,4 12 750 9
\ Wheat
Podolianka | 15.0 63 72 69 207 18.3 12 657 8.8
Oranta Odeska | 153 65 70 85 301 18.0 11 750 9
Donna 15.1 55 75 95 310 18.0 15 770 9
LSDo.05 105

The bread triticale cultivars Tymofii, Yelan, Lukaszewski, Oleksandra, Tryfon, Mileva,
and others are not inferior to class A bread wheat producing top quality grain in terms of the most
important dough indicators (formation time, stability, resistance to kneading, liquefaction),
volume yield of bread, loaf volume, and total bread-making score (tables 2, 3; fig. 2).
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Fig. 2. Farinogram of dough from triticale cv. Yelan

Similar indicators of gluten, dough and bread qualities were recorded for cv. Oleksandra,
Lukaszewski, Zlatoust, Pudik, Yehor, Maliuk, Mileva, and Donald. Cultivar Yelan consistently
had the best mean loaf volume of 805 cm?. Triticale from Poland, Bulgaria, Romania annually
demonstrated very low qualities of gluten, dough, and bread, which were typical of feed cultivars:
protein content of 14.3-15.0%, GDI of 75-110 units, dough springiness of 40-45 mm, dough
extensibility of 32-43 mm, flour strength of 50-65, and loaf volume of 340-398 cm>. The check
feed cultivar Pavlodarskyi, had the following values of these parameters: 15.3%, 95 units, 46 mm,
30 mm, 68 and 436 cm?, respectively, with the total bread-making score of 6.0 points.

The check bread cultivar Rarytet, showed the following values: 13.5%, 55 units, 75 mm,
74 mm, 199, 635 cm®, with the total bread-making score of 9.0 points. Bread wheat cultivars
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grown under similar conditions produced grain with a protein content of 14.6-15.3%, GDI of 40-
65 units, dough springiness of 70-83 mm, dough extensibility of 69-95 mm, flour strength of 207-
310, loaf volume of 657-770 cm?, and the total bread-making score of 8-9 points.

Table 3. Baking qualities of triticale and wheat varieties in Polish conditions (University of
Food Technology, Rzeszow2)

Protein | Gluten Dough
Cultivar Year in n time of | stability, | softening, u.f. Quality
grain, | flour, | formation, min. |after 10| after 12 | assessment,

% % min. min. min. units

Sailor* 2019 — 48,3 6,4 17,1 9,7 11,3 200
Euforia* 2020 13,3 36,9 2,0 4,9 73,0 93,0 52
Panteon** | 2019 — 34,3 3,9 2,4 143,0 | 1723 45
2020 13,3 31,8 1,3 1,5 236,0 | 256,0 24

Tymofii 2019 — 29,6 2,3 13,6 7,7 0,0 150
2020 14,6 24,6 7,8 15,4 15,0 48,0 142

Pudik 2019 — 17,0 2,9 17,9 35,3 0,0 200
2020 13,5 20,7 3,1 17,0 4,0 53,0 158

Lukaszewski | 2019 — 34,3 3,2 12,8 12,7 0,0 150
2020 14,7 30,0 6,2 13,5 17,0 32,0 127

Yelan 2019 — 234 2,4 18,0 26,7 0,0 200
2020 13,7 19,6 13,5 13,4 17,0 0,0 158

* — soft wheat class A with high grain quality (Hadmersleben, Germany)
** — triticale (Plant Breeding Company Strzelce, Poland)

CONCLUSIONS

Thus, the bread-making properties of the new short-stemmed triticale cultivars are
significantly better in comparison with previously bred Ukrainian and foreign cultivars.
Introduction of high-yielding triticale cultivars with excellent bread-making parameters and high
adaptability into production will increase yields and gross collections of grain in all agro-
ecological zones. The bread triticale cultivars Tymofii, Yelan, Lukaszewski, Oleksandra, Tryfon,
Mileva, and others are not inferior to class 1 bread wheat producing top quality grain in terms of
the most important dough indicators (formation time, stability, resistance to kneading,
liquefaction), volume yield of bread, loaf volume, and total bread-making score. The varieties
Oleksandra, Adam, Zlatoust, Tryfon, Lukashevsky were identified as sources of yield, adaptive
and baking properties (yield over 10 t/ha, protein content in grain over 14%, IDK 52 o.a., dough
elasticity 86 mm, dough extensibility 80 mm, flour strength 215 o.a., volume yield of bread from
100 g of flour without improvers 690 ml, overall baking score 9.0 points).
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JI’KEPEJIA BUCOKOI ATAIITUBHOCTI, YPOXKAHHOCTI TA XJIBONEKAPCBKHX
BJJACTUBOCTEMN TPUTHUKAJIE

Merta. MeToio mpoBeACHUX IOCTIIKEHb OyJl0 BUBYEHHS aJalNTHUBHUX, YPOKaWHUX Ta
XJII0ONEeKapChbKUX BJIACTUBOCTEH cepen 3apeecTpoBaHuX B YkpaiHi y 2019-2024 poku. copTiB
03MMOTO TPUTHKAJIE Ta ABOPYYOK Ta BHIUICHHS JDKEpeN I[IHHUX TOCMOAAPCHKUX O3HAK IS
CeNeKIil i€l KyJIbTypH.

Pe3yabTaTH Ta 00roBopenHsi. BuknaneHo pe3ynbTaTH JOCHIHKEHb 3 BUILICHHS JIKEPET
IIHHUX TOCMOJAPChKUX O3HAaK (AJaNTHUBHICTh, YPOXKaWHICTb, XJI10OMEKapChKi BIIACTHBOCTI)
TPUTHKAJIE, K1 MAIOTh CTa0lJIbHO BUCOKY SIKICTh KJICHKOBUHH, TicTa Ta XJi0a. OnucaHo poaoBoOIH,
MOp(0O010JIOTIUHI Ta TEXHOJIOTIYHI XapaKTEPUCTHKH 3apeeCTPOBAHUX B YKpaiHi COPTIB 3a Mepiof 3
2019 mo 2024 poxu. 3a pe3yabTaTaMu JOCIIIKEHb BUIJIEHO COPTH 3 BUCOKOIO BPOXKAMHICTIO Ta
Xopomumu  xiibonekapcbkuMu BiactuBocTsaMHu [lyaik, Tumodii, 3maroyct, Amam, €nanb,
Onexcanapa, MineBa. Bucora pocnun 85 — 105 ¢M; 3UMOCTIHKICTB 1 MOCYXOCTIHKICTh 8 — 9 OautiB;
MOTEHIiIiHa ypoxkalHICTh 3epHa 12 T/ra; CTIHKICTH O OOpPOIIHUCTOI POCH, CaxXku 9 Oaiis;
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AMEPEJIA TA JOHOPU

CTIHKICTh 7O CHITOBOI TUTiCHSIBH, (py3apiosy Ta ipxki 7,5-9 GaniB. Akicth TicTa, 00'€eMHHMI BUXI1]
xJ1i0a Ta 3arajgpbHa XJ1i0omeKapchKa OIliHKa BIMOBIJAI0Th BUMOTAM IIIEHUIII TIEPIIOro KIacy.

Buninenumu kepenamMu BpOXKAWHHUX, aallTABHUX Ta XJ1OOMEKApCHKUX BIACTUBOCTEH
(ypoxaitnicts monan 10 1/ra, BmicT Oinka B 3epHi Oiunbiie 14 %, IIK 52 o.a., npyxHIcTbh TicTa
86 MM, po3TspkHicTh Ticta 80 MM, cmia OopomHa 215 o.a., 00’emuuit Buxin xmi6a 31 100 T
OopomrHa 0e3 mominuryBaviB 690 mui, 3arajibHa XJjiOomnekapchka orinka 9,0 6aimiB) Oynu copTH
Onekcannpa, Anam, 3naroyct, Tpudon, JlykameBcbKkuid.

BucnoBku. XiOornekapchKi BJIACTUBOCTI HOBHX COPTIB KOPOTKOCTEOJOBUX TPUTHUKAJIC
3HaYHO Kpalli MOPIBHSAHO 3 paHillle BHUBEJICHUMH YKPAiHCBKMMHU Ta 3apyODKHHUMH COPTaMHU.
BnpoBamkeHHss 'y BUPOOHHMITBO BHCOKOBPOXKAWHHUX COPTIB TPUTHUKAlE 3  BIAMIHHUMH
XJIIOOTIEKAPCHKUMH ~ BIIACTUBOCTSMH ~ Ta BHCOKOK)  aJIalITUBHICTIO  JO3BOJUTH  30UIBIIUTH
BpOXKaMHICTh Ta BaJOBI 300pW 3epHa B yCiX arpoeKOJIOTIYHHUX 30HaX. XJI1OOMEeKapChKi COPTH
tputukane Tumodiii, €nanp, Jlykamescekuii, Onekcanapa, Tpudon, MireBa Ta iHIII He
MOCTYNAIOTHCSA M’ SIKIH MIISHHUIII IEPIIOTo KJIacy, Jal0ud 3€pHO BUIIOI KOCTI 32 HAMBAXKIIUBILINMU
MMOKa3HUKAMH TiCTa, 00’ €EMHUM BUXOJIOM XJ1i0a Ta 3arajibHO0 XJTi00MEeKapChKOK OIIHKOIO.

KurouoBi ciaoBa: mpumukane, ypoocatiHicmsb, SHYMPIWHbOBUOO8A  2iOpUOU3AYisl,
MOpghon02iuni Xapakmepucmuku, X1i0onekapcoKi 61acmusocmi, 6a2amoniHitiHi copmu.
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