UDC 633.11+633.14:631.527 DOI: 10.30835/2413-7510.2023.293848
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The article presents results of 2019-2021 studies of economic and technological features of
10 spring triticale cultivars bred at the Yuriev Plant Production Institute of NAAS. The grain
yield of spring triticale cultivars ranged from 4.07 to 5.00 t/ha. By growing period, the cultivars
were medium-ripening (90-94 days); the plant height was 84-108 cm. The test weight was high
(717-753 g/L); the thousand kernel weight was 38.1-40.9 g; the protein content was 11.9-13.0%;
and the starch content was 58.2-60.1%. The flour strength (W-index) was 68-154; the gluten
content was 17.7-22.0%; the GDI was 62-82 units; the dough resilience (P) was 35-69 mm; the
dough extensibility (L) was 53—-74 mm; and the dough equilibrium (P/L) was 0.6-1.3. The loaf
volume was 400-500 mm?; the total bread-making score was 7.4-8.8 points. There were direct
correlations between the total bread-making score and three parameters: loaf volume (r = 0.86),
gluten quality (r = 0.51) and dough resilience (r = 0.30).
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Introduction. Triticale is a cereal that has a wide scope of uses: as a food, fodder, and
technical crop. Spring triticale is superior to rye, barley, and oat in terms of productivity, feed
value, and resistance to biotic and abiotic factors. Currently, in Ukraine, growing attention is paid
to the cultivation of triticale as a high-yielding cereal and possibilities of its use to ensure the
population's food security [1, 2]. Spring triticale is the best option for overseeding winter crops
since the biochemical properties of triticale grain allow harvesting high-quality grain for both
fodder and food purposes [3].

The Yuriev Plant Production Institute of NAAS (PPl NAAS) has been breeding spring
triticale since the 1970s. To date, 25 cultivars have been bred. As of 2023, the Register of Plant
Varieties Suitable for Dissemination in Ukraine includes 17 spring triticale cultivars, 11 of which
have been bred by our institute [4].

The breeding mainstreams are high and stable yields, increased adaptability to biotic and
abiotic factors of the environment, good bread-making and mixing properties, high nutritional
value of grain, and suitability for environmentally friendly farming [5].

Solving tasks of creating bread cereal cultivars adapted to biotic and abiotic factors of the
environment, scientists came to the conclusion that it was expedient to combine valuable
properties of wheat (high yield capacity, multi-kerneled spike, gluten protein content) and rye
(resistance to drought, diseases and adverse conditions of overwintering, ability to more actively
assimilate nutrients from soil, multi-spikeleted spike, well-balanced amino acid composition of
protein, increased content of vitamins, etc.) in one organism This resulted in the creation of a new
crop - triticale [6, 7].

After triticale had been created, studies to evaluate technological properties of its grain and
flour as well as bread quality were initiated. Currently, there are new cultivars of spring triticale,
which are close in quality to bread wheat, allowing for use them as a valuable cereal [8].
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Several studies of biochemical and technological parameters of triticale grain have been
conducted in Ukraine and worldwide. The vast majority of scientists proved that both triticale
grain and products of its processing were of high biochemical and nutritional value. It should be
noted that the studies were carried out on grain and flour from cultivars of various quality. There
Is convincing evidence that the protein-proteinase complex of bread cultivars makes it possible to
bake pure triticale bread or triticale-wheat, triticale-rye, triticale-oat, and other mixed breads in
various proportions [9, 10].

There is great interest in triticale in the bakery industry. A number of recipes for making
bread and confectionery from triticale flour have been developed. The proposed technologies
involve both using triticale flour as an improver and baking pure triticale bread. Scientists believe
that triticale flour is quite suitable for making crackers, muffins, waffles, and high-quality cookies
[11, 12].

Today, an important challenge for triticale breeders and producers is improvement of the
grain quality and its effective use of grain in bakery production and other food industries [13].

A lot of scientific and technological investigations in different countries over the past two
decades have opened up ample opportunities for businesses to distribute triticale foods for
healthy and tasty people's nutrition. To evaluate and compare morphobiological and
technological features of the registered and new spring triticale cultivars bred at the Yuriev Plant
Production Institute of NAAS of Ukraine.

Materials and Methods. The variety trials were carried out in accordance with the
Methodology of Qualification Examination of Plant Varieties [14]. The seeding rate was
5,000,000 seeds per hectare. At all breeding stages during the vegetation, the lengths of the
‘emergence-earing' and 'earing-ripening' periods were recorded; the plant density and evenness
were evaluated; resistances to diseases (leaf blotch, brown and leaf rusts) and lodging were
assessed; and the plant height was measured. The yield was determined and the grain plumpness
and size were assessed [15]. The contents of protein and starch in grain were determined
spectrometrically by an express method (on an InfralLIUM infrared analyzer).

The bread-making properties of the cultivars were evaluated by several characteristics.
Baking and evaluation of bread parameters and technological properties of flour were performed
in compliance with the formula and scale for triticale [16-18]. The kernel hardness was
determined on a YPD-300D direct-action hardness tester by the method developed in the PPI
NAAS [19]; it was measured as the force required to crash a whole kernel and expressed in
newtons (N). The accessions were categorized using the scale for bread wheat: hard (> 190 N),
semi-hard (161-190 N), medium soft (131-160 N), soft (105-130 N), and very soft (< 104 N).

Ten registered and new spring triticale cultivars were screened for morphobiological and
technological features. For comparison, we used the best, registered cultivar, Darkhliba
Kharkivskyi, which is the reference for bread-making qualities.

The data were statistically processed by analysis of variance and correlation analysis [20] in
Excel 2007.

The field studies were carried out in the breeding crop rotation of the experimental station of
the PPI NAAS, which is located 15 kilometers from Kharkiv (eastern forest-steppe of Ukraine).
The forecrop was pea.

The soil was thick slightly leached chernozem on silt loamy loess; the humus layer was 75
cm thick; the humus content was 5.5-7.3%; this soil 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 was weakly acidic (pH=5.7—
6.0). The soil cover of the experimental fields was homogeneous, which is one of the main
conditions for obtaining reliable data. The hydrolytic acidity was 0.76-0.99 mL per 100 g of soil.
The climate in the test area is temperate-continental. The average annual air temperature is 6.7°C.
The summer months are characterized by rather high air temperature: the average long-term
temperature is 19.1, 21.0, and 19.7°C in June, July, and August, respectively [21].

In 2019, spring triticale was sown within the first 10 days of April. In general, the spring and
summer of 2019 were hot and dry. The average daily air temperature in April, May, and June was
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by 1.9, 2.3, and 4.6°C higher than the long-term average, respectively. The average daily
temperature in July was 21.4°C, which is close to the long-term average. The precipitation
amount in April exceeded the long-term average by 9.0 mm; in May it was similar to the long-
term average; and in June and July, it was significantly less than the long-term average (by 48.1
and 32.9 mm, respectively) (Table 1).

Table 1

Weather conditions during the spring triticale growing period, 2019-2021.

Month | 2019 | 2020 | 2021 Long-term average
Precipitation amount, mm
April 445 13.7 43.7 35.5
May 43.4 108.0 51.5 43.7
June 15.2 54.2 81.9 63.3
July 38.8 106.0 7.0 71.7
Air temperature, °C
April 115 8.8 8.7 9.6
May 18.4 13.5 16.1 16.1
June 24.8 21.9 20.8 20.2
July 21.4 22.8 24.8 21.4

In 2020, triticale was sown in early April on insufficient wetting. Such conditions delayed
the emergence of seedlings. In May 2020, 108.3 mm of precipitation fell, which was more than
the long-term average by 64.6 mm. This provided the plants with a sufficient amount of water to
complete the critical phases of development - stem extension and earing. In July, brief torrential
rains with squally winds led to partial lodging of the crops.

In 2021, triticale was sown in the moist and sufficiently warmed soil within the third 10 days
of April. The weather in the first half of 2021 was favorable for plant growth and development. A
water reserve in the soil and sufficient wetting during the seed germination contributed to the
even and timely emergence of seedlings. The important stages of plant development (tillering and
earing) occurred on regular precipitation that exceeded the long-term average. Such conditions
had a favorable effect on the formation of a thick and uniform plant stand. Grain setting and
filling occurred during a significant drought and at high air temperatures, which negatively
affected the grain size and plumpness.

Results and Discussion. By growing period, all studied cultivars were medium-ripening.
This parameter ranged from 90 days (easily threshed cv. Volia Kharkivska) to 94 days (check cv.
Darkhliba Kharkivskyi, cvs. Boryviter Kharkivskyi and Bulat Kharkivskyi) (Table 2).

The plant height of spring triticale cultivars was optimal (98-108 cm). Spring triticale
'Krypost Kharkivska' was the only cultivar with plants 84 cm tall and was classed as low-
stemmed triticale.

The mean grain yield of the studied spring triticale cultivars ranged from 4.07 to 5.00 t/ha in
2019-2021. The yield of the check cultivar, Darkhliba Kharkivskyi, was 4.27 t/ha. A new, easily
threshed cultivar (Svoboda Kharkivska), which has been tested within the qualification
examination since 2022, yielded the most (5.00 t/ha, which was by 0.73 t/ha more than the yield
harvested from the check cultivar). New cultivars, Opora Kharkivska and Kripost Kharkivska,
which have been tested within the qualification examination since 2021, yielded slightly less:
4.74 t/ha and 4.61 t/ha, respectively, exceeding the check cultivar (Darkhliba Kharkivskyi) by
0.37 t/ha and 0. 24 t/ha, respectively. The lowest yields among the studied spring triticale
cultivars were harvested from cvs. Dostatok Kharkivskyi (4.07 t/ha), Skarb Kharkivskyi (4.09
t/ha), and Zlit Kharkivskyi (4.14 t/ha), which were by 0. 13-0.18 t/ha less than the yield
harvested from the check cultivar (>LSDo.05) (see Table 2).

The thousand kernel weight ranged from 38.1 to 40.9 g in the investigated spring triticale
cultivars. Cvs. Bulat Kharkivskyi, Boryviter Kharkivskyi, and Kripost Kharkivska had the
greatest thousand kernel weight: 40.9, 40.9, and 40.2 g, respectively, which was by 1.8-2.5 g
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higher than that in the check cultivar (Darkhliba Kharkivskyi). The smallest value of this
parameter was recorded for cv. Svoboda Kharkivska (38.1 g). The thousand kernel weight in the
check cultivar (Darkhliba Kharkivskyi) was 38.4 g.

Table 2
Economic and technological features of the spring triticale cultivars (mean for 2019-2021)
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Darkhliba
Kharkivskyi 94 105 4.27 384 | 744 | 43 | 118 | 12.9 | 586
(check
cultivar)
Boryviter 94 108 4.28 40.9 745 | 43 | 121 | 13.0 | 58.2
Kharkivskyi
Volia
. 90 107 4.23 39.1 729 34 106 | 12.8 | 58.7
Kharkivska
Zlit
Kharkivskyi 91 103 414 38.8 753 41 98 12.1 | 60.1
Bulat
. . 94 105 4.40 40.9 751 47 98 12.4 | 60.0
Kharkivskyi
Dostatok 93 106 4.07 386 727 | 45 | 101 | 11.9 | 60.0
Kharkivskyi
Skarb 03 103 4.09 392 | 722 | 31 | 92 | 120592
Kharkivskyi
Kripost 92 84 461 40.2 717 | 49 | 90 | 120 | 585
Kharkivska
Opora 91 100 474 39.3 739 42 105 | 12.6 | 58.7
Kharkivska
Svoboda 92 98 5.00 381 | 734 | 38 | 109 | 124 | 58.9
Kharkivska
LSDo.05 2 5 0.12 0.8 7 4 7 0.2 0.3

The test weight in the spring triticale cultivars was high and varied ranged from 717 g/L to
753 g/L, depending on the cultivar. Cvs. Zlit Kharkivskyi (753 g/L) and Bulat Kharkivskyi (751
g/L) had the highest test weights. In cv. Boryviter Kharkivskyi, the test weight was similar to
that in cv. Darkhliba Kharkivskyi (check cultivar) (745 g/L). The other cultivars (Kripost
Kharkivska, Skarb Kharkivskyi, Dostatok Kharkivskyi, Volia Kharkivska, Svoboda Kharkivska,
and Opora Kharkivska) had lower test weights compared to the check cultivar (717 - 739 g/L).

The vitreousness in the spring triticale cultivars was medium, ranging from 31% to 49%.
This parameter was higher in cvs. Kripost Kharkivska Bulat Kharkivskyi (49% and 47%,
respectively). The lowest vitreousness was detected in cvs. Skarb Kharkivskyi (31%) and Volia
Kharkivska (34%).

By kernel hardness, the spring triticale cultivars were divided into two groups: soft (104—132
N) (50%) and very soft (< 104 N) (50%). The soft group included cvs. Boryviter Kharkivskyi
(121 N), Darkhliba Kharkivskyi (118 N), Svoboda Kharkivska (109 N), Volia Kharkivska (106
N), and Opora Kharkivska (105 N); cvs. Dostatok Kharkivskyi (101 N), Zlit Kharkivskyi (98 N),
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Bulat Kharkivskyi (98 N), Skarb Kharkivskyi (92 N), and Kripost Kharkivska (90 N) were
referred to the very soft group (see Table 2).

The nutritional value of all cereals is determined by the total contents of protein and starch in
grain [22]. The protein content in grain of the investigated spring triticale cultivars ranged from
11.9% to 13.0%. The protein contents in grain of cvs. Boryviter Kharkivskyi (13.0%) and Volia
Kharkivska (12.8%) were similar to that in the check cultivar (Darkhliba Kharkivskyi) (LSDo.os
was 0.2%). The other cultivars had lower protein contents in grain.

We identified spring triticale cultivars, in which the starch content in grain was higher than in
the check cultivar (Darkhliba Kharkivskyi): Zlit Kharkivskyi (60.1%), Dostatok Kharkivskyi
(60.1%), Bulat Kharkivskyi (60%), Skarb Kharkivskyi (59.2%), and Svoboda Kharkivska
(58.9%). In cvs. Opora Kharkivska (58.7%), Volia Kharkivska (58.7%), and Kripost Kharkivska
(58.5%), this parameter was similar to that in the check cultivar (LSDo.os within 0.3%). Cv.
Boryviter Kharkivskyi had the lowest starch content in grain (58.2%) or by 0.4% less compared
to the check cultivar (Darkhliba Kharkivskyi).

The gluten content in flour and gluten quality are crucial for the technological properties of
spring triticale. All studied cultivars contained less gluten (18.3-22.0% than bread wheat
'‘Kharkivska 30" (27.5%) (Table 3).

Table 3
Technological properties of flour and bread quality of the spring triticale cultivars (mean
for 2019-2021)

Gluten S Dough Bread
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Darkhliba Kharkivskyi (check | g3 | g5 | 154 | 69 | 55 | 1.3 | 487 | 88
cultivar)
Boryviter Kharkivskyi 18.5 80 100 50 60 | 0.9 460 8.3
Volia Kharkivska 22.0 82 98 44 64 | 0.7 457 8.5
Zlit Kharkivskyi 20.3 80 115 46 74 | 0.6 437 8.2
Bulat Kharkivskyi 20.0 73 118 49 70 0.7 400 7.4
Dostatok Kharkivskyi 19.8 73 112 66 54 1.2 473 8.2
Skarb Kharkivskyi 16.8 62 109 54 66 | 0.8 470 8.2
Kripost Kharkivska 17.7 75 92 52 53 1.0 500 8.6
Opora Kharkivska 18.0 72 95 54 63 0.9 410 7.8
Svoboda Kharkivska 19.2 70 68 35 55 0.6 427 8.0
Bread wheat 'Kharkivska 30' 27.5 75 183 68 88 0.7 600 8.5
LSDo.0s 1.1 4 18 7 5 0.2 24 0.3

It was established that, when the gluten content in flour was increased content, its quality
more often corresponded to a worse group. Cv. Volia Kharkivska had the highest gluten content
in flour (22.0%), but the gluten deformation index (GDI) was 82 units (satisfactorily weak
gluten), which meant quality group Il. Cvs. Zlit Kharkivskyi, Bulat Kharkivskyi, and Dostatok
Kharkivskyi contained less gluten (20.3. 20.0, and 19.8%, respectively) with GDI of 80 (quality
group I, satisfactorily weak gluten), 73 and 73 units (quality group I, good gluten), respectively.
In the new cultivars, Skarb Kharkivskyi, Kripost Kharkivska, Opora Kharkivska, and Svoboda
Kharkivska, the gluten content ranged from 16.8% to 19.2% and the gluten quality corresponded
to group | (good gluten). In cvs. Boryviter Kharkivskyi and Darkhliba Kharkivskyi, the gluten
content was 18.5% and 18.3%, respectively and their gluten was in quality group Il (satisfactorily
weak).
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Alveographic determination of the physical properties of dough showed that the spring
triticale cultivars differed in flour strength. This parameter ranged from 68 to 154 among the
studied cultivars. The highest flour strength was recorded for the check cultivar (Darkhliba
Kharkivskyi, 154). Cvs. Zlit Kharkivskyi, Bulat Kharkivskyi, and Dostatok Kharkivskyi had
flour strength of 109-118. Cvs. Kripost Kharkivska, Opora Kharkivska, Volia Kharkivska, and
Boryviter Kharkivskyi had flour strength of 92-100. The lowest value of this parameter was
noted in cv. Svoboda Kharkivska (68) (see Table 3).

Dough resilience (P) is the maximum pressure that is created inside the dough at the moment
of its mechanical destruction when it is inflated in the shape of a bubble; resilience characterizes
the resistance that the gluten in the yeast dough offers during fermentation and rising. Dough
extensibility (L) is the diameter of the dough bubble when it is broken; it is an inverse
characteristic to resilience. Dough equilibrium (P/L) is one of the most important indicators that
determine the bread-making qualities of spring triticale cultivars. In terms of resilience and
extensibility, the studied spring triticale cultivars were diverse. The resilience in the spring
triticale cultivars ranged from 35 mm to 69 mm; the extensibility was from 53 to 74 mm. The
highest P/L ratio was recorded for the check cultivar (Darkhliba Kharkivskyi (P/L=1.3; P = 69
mm; L = 55 mm). Cvs. Dostatok Kharkivskyi and Kripost Kharkivska had P/L of 1.2 (P = 66
mm; L = 54 mm) and 1.0 (P = 52 mm; L = 53 mm), respectively. P/L was at the lowest level in
cvs. Volia Kharkivska, Bulat Kharkivskyi, Zlit Kharkivskyi, and Svoboda Kharkivska (0.6-0.7).

The loaf volume in the spring triticale cultivars under investigation ranged from 400 mm? to
500 mm?3. The best volume was recorded for cvs. Krypost Kharkivska (500 mm?), Darkhliba
Kharkivskiy (reference for the bread-making qualities; 487 mm?), Dostatok Kharkivskyi (473
mm?3), and Skarb Kharkivskyi (470 mm?®). This parameter was lower in cvs. Boryviter
Kharkivskyi and Volia Kharkivska: 460 and 457 mm?, respectively. The smallest loaf volume
was noted in cvs. Bulat Kharkivskyi (400 mm?) and Opora Kharkivska (410 mm?3).

The total bread-making scores of the spring triticale cultivars were quite high and amounted
to 7.4-8.8 points. The reference for the bread-making qualities, Darkhliba Kharkivskyi, had the
highest total bread-making score of 8.8 points. This parameter was the lowest in cvs. Bulat
Kharkivskyi (7.4 points) and Opora Kharkivska (7.8 points). The other cultivars (Svoboda
Kharkivska, Skarb Kharkivskyi, Dostatok Kharkivskyi, Zlit Kharkivskyi, Boryviter Kharkivskyi,
Volia Kharkivska, and Kripost Kharkivska) had the total bread-making scores of 8.0-8.6 points
(see Table 3).

Analysis of correlation coefficients showed that the spring triticale plant height was
negatively correlated with yield (r = —0.68) and thousand kernel weight (r = —0.30) in 2019-2021.
At the same time, the plant height was moderately and positively correlated (r = 0.30-0.50) with
GDlI, crude gluten content in flour, protein content in grain, dough resilience and extensibility,
flour strength, and kernel hardness (Table 4).

The grain yield was moderately correlated with thousand kernel weight (r = 0.55). As to the
other parameters, the correlations between them and yield were negative. In particular, there was
a strong negative correlation between yield and flour strength (r = —0.64) and between yield and
dough resilience (r = —0.51). There was a negative correlation between yield and starch content
in grain (r = —0.39), between yield and loaf volume (r = —0.38), and between yield and dough
extensibility (r = -0.34).

There was an inverse correlation between thousand kernel weight and kernel hardness and
between thousand kernel weight and plant height (r = —0.46 and —0.30, respectively). However,
the correlations between thousand kernel weight and dough extensibility and between thousand
kernel weight and flour strength were direct and weak (r = 0.30).

Kernel vitreousness was moderately correlated with GDI (r = 0.37), dough resilience (r =
0.32), and crude gluten content in flour (r = 0.30).

There were moderate or strong correlations between protein content in grain and quality
parameters and economic characteristics (r = 0.39-0.85). For example, protein content in grain
was strongly correlated with kernel hardness (r = 0.85). There was a moderate correlation
between protein content in grain and plant height (r = 0.39), between protein content and test
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weight (r = 0.43), and between protein content and GDI (r = 0.54). There was a negative
correlation between protein content and starch content in grain (r = —0.64).

The starch content in grain had significant negative correlations with protein content in grain
(r = -0.64), kernel hardness (r = —0.47), total bread-making score (r = —0.46), yield (r = — 0.39),
and loaf volume (r = —0.31). There was a direct correlation between starch content in grain and
dough extensibility (r = 0.46), between starch content and gluten content in flour (r = 0.46), and
between starch content and test weight (r = 0.30) (Table 4).

Table 4
Correlations between the grain flour, dough, and bread quality parameters and economic
characteristics of the spring triticale cultivars (mean for 2019-2021)

%% Parameter 1 2 3 4 5 6 7 8 9 |10 |11 |12 | 13| 14 | 15
8 g

(%]

1 [Plant height, cm 1

2 |Yield, t/ha -0.68| 1

3 [Thousand kernel weight, g |-0.30{0.55| 1

4 [Test weight, g/L 1

5 itreousness, % 1

6 [Protein content, % 0.39 0.43 1

7 Starch content, % -0.39 0.30 -0.64| 1

8 (Gluten content, % 0.41 0.31|0.30 0.36] 1

9 |GDlI, units 0.31 0.40/0.37]0.54 053] 1

10 |Dough resilience, mm 0.30(-0.51 0.32 -0.32 1

11 |Dough extensibility, mm 0.41|-0.34/0.30|0.54 0.46 -0.32] 1

12 [Flour strength (W-index)  |0.50-0.64/0.30|0.39 0.33]0.76 1

13 |Loaf volume, mm3 -0.38 -0.59 -0.31}-0.30 0.50-0.57 1

14 ggltﬁt's bread-making - score, -0.35 046  [051]0.30[-0.47]  |0.86| 1

15 |Kernel hardness, N 0.45 -0.46(0.45 0.85|-0.47 0.49 1
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There were direct or inverse correlations between gluten content in flour and seven
parameters. Thus, there was a close correlation between gluten content and gluten quality (r =
0.53). There was a moderate direct correlation between gluten content in flour and plant height (r
= 0.41), between gluten content in flour and starch content in grain (r = 0.36), between gluten
content and test weight (r = 0.31), and between gluten content and vitreousness (r = 0.30 ). Gluten
content was negatively correlated with dough resilience (r = —0.32) and loaf volume (r = —-0.30).

The gluten quality had only positive direct correlations with eight economic characteristics
and quality parameters: plant height, flour strength, vitreousness, test weight, kernel hardness,
total bread-making score, gluten content in flour, and protein content in grain (the correlation
coefficients increased in order of listing from 0.30 to 0.54).

Dough resilience had eight significant direct or inverse correlations with different features.
Thus, there was a direct correlation between dough resilience and flour strength (r = 0.76),
between dough resilience and loaf volume (r = 0.50), between dough resilience and kernel
vitreousness (r = 0.32), between dough resilience and total bread-making score (r = 0.30), and
between dough resilience and plant height (r = 0.30). There were negative correlations in three
cases: between dough resilience and yield (r = —0.51), between dough resilience and gluten
content in flour (r = —-0.32), and between dough resilience and dough extensibility (r = -0.32).

Dough extensibility had eight relationships with quality parameters and economic
characteristics. Of them, there were four direct moderate or strong correlations: with test weight
(r = 0.54), starch content in grain (r = 0.46), plant height (r = 0.41), and thousand kernel weight (r
= 0.30). Dough extensibility was inversely correlated with loaf volume (r = —0.57), total bread-
making score (r = -0.47), yield (r = -0.34), and dough resilience (r =-0.32).

Flour strength was moderately correlated with plant height (r = 0.50), test weight (r = 0.39),
GDI (r = 0.33), and thousand kernel weight (r = 0.30). There was a strong correlation between
flour strength and dough resilience (r = 0.76). There was an inverse correlation between flour
strength and yield (r = —0.64).

There was a moderate direct correlation between loaf volume and dough resilience (r = 0.50).
Other parameters (test weight, dough extensibility, yield, starch content in grain, gluten content in
flour) were negatively correlated with loaf volume (r = -0.59, —-0.57, -0.38, -0, 31 and —-0.30,
respectively).

Three parameters had direct correlations with the total bread-making score: loaf volume (r =
0.86), gluten quality (r = 0.51), and dough resilience (r = 0.30). There was a negative correlation
between total bread-making score and dough extensibility (r = —0.47), between total bread-
making score and starch content in grain (r = —0.46), and between total bread-making score and
test weight (r = —0.35).

Kernel hardness had moderate or strong direct correlations with four parameters: protein
content in grain (r = 0.85), gluten quality (r = 0.49), test weight (r = 0.45), and plant height (r =
0.45). Kernel hardness was moderately and inversely correlated with starch content in grain (r = —
0.47) and thousand kernel weight (r = —0.46).

Conclusions. The 2019-2021 studies showed that the grain yields of the spring triticale
cultivars ranged from 4.07 to 5.00 t/ha. By growing period, the cultivars were medium-ripening
(90-94 days). The plant height ranged from 84 to 108 cm.

Analysis of the technological quality of spring triticale showed that the studied cultivars had
dense grain (test weight = 717-753 g/L); the thousand kernel weight was 38.1-40.9 g; the protein
content in grain was 11.9-13.0%; and the starch content was 58.2-60.1%. In our studies, the
spring triticale cultivars had flour strength (W-index) of 68-154, dough resilience (P) of 35-69
mm, dough extensibility (L) of 53-74 mm, and dough equilibrium (P/L) of 0.6-1.3. The volumes
of loaves baked from flour of these triticale cultivars were 400-500 mm?®, with the total bread-
making scores of 7.4-8.8 points. Flour from the triticale cultivars contained 17.7-22.0% of gluten
with GDI of 62-82 units.

Correlation analysis showed that three parameters had direct correlations with total bread-
making score: loaf volume (r = 0.86), gluten quality (r = 0.51), and dough resilience (r = 0.30).
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The following parameters were negatively correlated with total bread-making score: dough
extensibility (r = -0.47), starch content in grain (r = -0.46), and test weight (r = —0.35).

Grain yield was moderately correlated with thousand kernel weight (r = 0.55). The other
parameters were negatively correlated with yield. In particular, there was a strong negative
correlation between yield and flour strength (r = —0.64) and between yield and dough resilience (r
= -0.51). There was a negative correlation between yield and starch content in grain (r = -0.39),
between yield and loaf volume (r = —0.38), and between yield and dough extensibility (r = —0.34).

The results obtained give reasons to claim breeding aimed at improving bread-making
qualities of spring triticale can be effective and, provided certain technological characteristics, it
is possible to make nutritious bread of high quality.
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CHARACTERISTICS OF SPRING TRITICALE CULTIVARS BRED AT THE YURIEV
PLANT PRODUCTION INSTITUTE OF NAAS

Chernobai S.V.'*, Riabchun V.K.1, Melnyk V.S.}, Kapustina T.B., Nosenko Yu.M.?,
Shchechenko O.Ye., Sheliakina T.A.L

YYuriev Plant Production Institute of NAAS of Ukraine

NAAS of Ukraine

*E-mail: chernobai257@gmail.com

Purpose. The purpose of 2019-2021 studies was to evaluate and compare morphobiological
and technological features of the registered and new spring triticale cultivars bred at the Yuriev
Plant Production Institute of NAAS of Ukraine.
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Materials and Methods. Ten registered and new spring triticale cultivars were screened for
economic characteristics and technological properties. The field evaluations were carried out in
accordance with methods of qualification examination of plant varieties. The laboratory tests
included determination of the technological properties of grain, flour, and bread.

Results and Discussion. By growing period, all cultivars were medium-ripening (from 90
days in cv. Volia Kharkivska) to 94 days (in cvs. Darkhliba Kharkivskyi (check cultivar),
Boryviter Kharkivskyi, and Bulat Kharkivskyi).

The plant height in the spring triticale cultivars was optimal (98-108 cm). Spring triticale
'Krypost Kharkivska' was the only cultivar with a plant height of 84 cm (low-stemmed triticale).

The yield ranged from 4.07 to 5.00 t/ha. Cv. Svoboda Kharkivska yielded the most (5.00 t/ha
or by 0.73 t/ha more than the check cultivar). Cvs. Opora Kharkivska and Kripost Kharkivska
yielded 4.74 and 4.61 t/ha, respectively, or by 0.37 and 0.24 t/ha more, than the check cultivar
(Darkhliba Kharkivskyi), respectively.

The thousand kernel weight varied from 38.1 to 40.9 g. The highest weight of one thousand
kernels was registered for cvs. Bulat Kharkivskyi, Boryviter Kharkivskyi, and Kripost
Kharkivska (40.9, 40.9, and 40.2 g, respectively, or by 1.8-2.5 g more than that in the check
cultivar (Darkhliba Kharkivskyi).

The test weight in the spring triticale cultivars was high: from 717 to 753 g/L. Cvs. Zlit
Kharkivskyi (753 g/L) and Bulat Kharkivskyi (751 g/L) had the highest test weights. In cv.
Boryviter Kharkivskyi, this parameter (745 g/L) was similar to that in the check cultivar
(Darkhliba Kharkivskyi).

The kernel vitreousness of the spring triticale cultivars was moderate, ranging from 31 to
49%. Cvs. Krypost Kharkivska and Bulat Kharkivskyi had the highest values of this parameter
(49 and 47%, respectively).

By kernel hardness, cvs. Boryviter Kharkivskyi (121 N), Darkhliba Kharkivskyi (118 N),
Svoboda Kharkivska (109 N), Volia Kharkivska (106 N), and Opora Kharkivska (105 N) were
classed as soft; cvs. Dostatok Kharkivskyi (101 N), Zlit Kharkivskyi (98 N), Bulat Kharkivskyi
(98 N), Skarb Kharkivskyi (92 N), and Kripost Kharkivska (90 N) - as very soft.

The protein content in cvs. Boryviter Kharkivskyi (13.0%) and Volia Kharkivska (12.8%)
was similar to that in Darkhliba Kharkivskyi (check cultivar). We identified cultivars in which
the starch content in grain was higher than that in the check cultivar (Darkhliba Kharkivskyi): Zlit
Kharkivskyi (60.1%), Dostatok Kharkivskyi (60.0%), Bulat Kharkivskyi (60.0%), Skarb
Kharkivskyi (59.2 %), and Svobods Kharkivska (58.9%).

Cv. Volia Kharkivska had the highest gluten content in flour (22.0%), with GDI of 82 units
(quality group 11 ). Cvs. Zlit Kharkivskyi, Bulat Kharkivskyi, and Dostatok Kharkivskyi had
lower gluten contents (20.3, 20.0 and 19.8%, respectively) with GDI of 80 units (quality group
I1), 73 and 73 units (quality group I), respectively.

The flour strength (W-index) varied from 68 to 154. The check cultivar (Darkhliba
Kharkivkyi) had the strongest flour (154). In cvs. Zlit Kharkivskyi, Bulat Kharkivskyi, and
Dostatok Kharkivskyi, the flour strength was 109-118; in cvs. Kripost Kharkivska, Opora
Kharkivska, Volia Kharkivska, and Boryviter Kharkivskyi, the flour strength was 92-100.

The dough resilience (P) in the spring triticale cultivars ranged from 35 to 69 mm; the dough
extensibility (L) - from 53 to 74 mm. The highest ratioo P/L was registered for cv. Darkhliba
Kharkivskyi (1.3). Cvs. Dostatok Kharkivskyi and Kripost Kharkivska had P/L of 1.2 and 1.0,
respectively.

The loaf volume in the spring triticale cultivars ranged from 400 to 500 mm?. The best loaf
volume was achieved with cvs. Krypost Kharkivska (500 mm?®), Darkhliba Kharkivskyi
(reference; 487 mm?®), Dostatok Kharkivskyi (473 mm?®), and Skarb Kharkivskyi (470 mm?3).

The total bread-making score of the spring triticale cultivars was 7.4-8.8 points. Cv.
Darkhliba Kharkivskyi (reference) had the highest total bread-making score of 8.8 points. The
lowest bread-making scores were noted in cvs. Bulat Kharkivskyi (7.4 points) and Opora
Kharkivska (7.8 points).
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Correlation analysis showed that three parameters had direct correlations with total bread-
making score: loaf volume (r = 0.86), gluten quality (r = 0.51), and dough resilience (r = 0.30).
There was a negative correlation between total bread-making score and dough extensibility (r = —
0.47), between total bread-making score and starch content in grain (r = —0.46), and between total
bread-making score and test weight (r = —0.35).

Grain yield was moderately correlated with thousand kernel weight (r = 0.55). The
correlations between yield and the other parameters were negative. In particular, there was a
strong negative correlation between yield and flour strength (r = —0.64) and between yield and
dough resilience (r = —0.51). There was a negative correlation between yield and starch content in
grain (r = —-0.39), between yield and loaf volume (r = —0.38), and between yield and dough
extensibility (r =-0.34).

Key words: spring triticale, cultivar, quality, yield, correlation

XAPAKTEPUCTHKA COPTIB TPUTHKAJIE APOI0 CEJIEKIII IHCTHTYTY
POC/IHHHUIITBA IMEHI B.A. IOP'€BA HAAH

Yepuobaii C.B.., Padouyn B.K.!, Meabnuxk B.C.!, Kanycrina T.B.., Hocenko I0.M.?,
Illeyenxo O.€.%, llenasikina T.A.

YucruryT pocimuamiTea imeni B.S. 10p’ea HAAH Vkpainu

’HAAH Yxpnainu

*E-mail: chernobai257@gmail.com

Mera npociigxennsa. Metowo npocmimxers 2019-2021 pp. OyJo OIIHUTH Ta MOPIBHATU
rOCIOJIAPCHKI Ta TEXHOJOTIUHI OCOOIMBOCTI 3apEECTPOBAHUX TAa HOBUX COPTIB TPUTHKAJIE SIPOTO
cenekuii [Hctutyty pocnunnunTsa imeni B.S. FOp’esa HAAH VYkpainu.

Martepianu Ta meroau. Marepianiom gociikenb Oynu 10 3apeecTpoBaHUX Ta HOBUX COPTIB
TPUTHUKAJE SIPOro, sIKi OyJIO OLIIHEHO 3a TOCNOAAPCHKMMU OCOOJIMBOCTSIMU Ta TEXHOJOTTUHUMHU
BJIACTUBOCTAMU. [10JIbOB1 OLIIHKHM MPOBOJIMIIM 3a METOAUKOIO KBATI(1KaLIHHOT €eKCIEPTHU3H COPTIB
pociuH. JlaGopaTopHi AOCHIIKEHHS BKJIIOYAIM OLIHKY TEXHOJOIIYHUX BIACTUBOCTEH 3€pHa,
OopolrHa Ta XJ10a 3a pI0M O3HaK.

Pe3ysabTaTn Ta 00roBopeHHs. 3a BereTaliifHUM HEepioJIoM yCl COPTU HalexaTb 0 TpyMHH
cepenapocturiux (Bix 90 mi6 (copt Bousst xapkiBceka) 10 94 116 (etason lapxmida XapKiBChbKHIA,
Bopusitep xapkiBcbkuii Ta BynaTt xapkiBcbKuil).

Bucora pocnuH copTiB TpuTHKane sporo — ontumainbsHa (98—108 cm). Jlumie copt Tputukaie
siporo KpinocTs XapkiBcbka MaB BHCOTY 84 cM (HU3bKOCTEOIOBI TPUTHKAIIE).

VYpoxaitnicts BapitoBana Bizx 4,07 1o 5,00 1/ra. HaiiOinbiry BposkaiiHicTs MaB copT CBoboa
xapkiBcbka — 5,00 T/ra, mo mnepeBuurye eranoH Ha 0,73 1/ra. Coptu Omnopa XapkiBCbKa Ta
Kpinocts xapkiBcbka mManu BpokaiiHICTh 4,74 Ta 4,61 T/ra BIANOBIIHO, 110 NMEPEBUIILYE €TAIOH
Hapxuni6a xapkiBcbkuit Ha 0,37 Ta 0,24 T/ra BIANOBITHO.

Maca 1000 3epen cranoBuia Bix 38,1 no 40,9 r. Haitbineury macy 1000 3epen manu copTa
bynar xapkiBcekuii, bopuitep xapkiBchkuit Ta Kpinmocts xapkiBceka — 40,9, 40,9 ta 40,2 r
BIJIMOB1/THO, 110 TIEPEBHUIITyBaNIO eTanoH Jlapxiba xapkiBcekuit Ha 1,8-2,5 T.

Hatypa 3epHa coptiB Tputukaie siporo Oyna BUCOKOr — Bif 717 mo 753 r/n. Haitbinbrny
HaTypy 3epHa Manu 3mT XapkiBcekui (753 r/m) ta Bynar xapkiBcekuit (751 r/m). anwuii
MOKa3HUK Yy copTy bopuBiTep XapkiBchkuii OyB Ha piBHI eranoHy JlapxmiOa XapkiBChKUH i
CTaHOBUB 745 1/11.

CxJ1ono1iOHICTh COPTIB TpUTHKAIE siporo Oyna cepeannoro (Big 31 mo 49 %). Haitbinemmm
TaHWuK TOKa3HUK OyB y copty KpimocTh XapkiBchka Ta copty bymart xapkiBcekuit — 491 47 %
Bi/ITIOBITHO.

3a TBEpICTIO 3€pHa J10 TPYNHU M’sKko3epHi Oyno BigHeceHo bopusitep xapkiBebkuii (121 H),
Hapxmniba xapkiBcekuit (118 H), CBoboga xapkiBceka (109 H), Bomns xapkiBebka (106 H) Ta
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Omnopa xapkiBcbka (105 H); mo myxke m’sikozepHux — Jlocratok xapkiBcekmii (101 H), 3mit
xapkiBchbkuii Ta bymat xapkiBcbkuii (mo 98 H Bimmosimno), Ckap6 xapkiBcbkuit (92 H) Ta
Kpinocts xapkiBcbka (90 H).

BwmicT Ginka Ha piBHI etamony Jlapxmiba xapkiBcbkuii Mmanu bopusitep xapkiBcbkuit (13,0
%) ta Bomns xapkiBceka (12,8 %). BusiBineHo coptH, B SIKMX BMICT KPOXMAJIIO B 3€pHI OUIBIINH,
HiX y eranony [lapxmiba xapkiBchkuil — 3miT xapkiBebkuil (60,1 %), JlocTtaTok XapKiBCbKUI
(60,0 %), Bynar xapkiBcekuii (60,0 %), Ckap0 xapkiBcbkuii (59,2 %), CBoOoaa xapkiBcbka (58,9
%).

Haii6inpmnit BMicT KIeiikoBUHU y 60poiHi MaB copT Boms xapkiBeska — 22,0 %, 11K — 82
oa. (Il rpyna sikocti). Hmwkuuii BMICT KICWKOBMHH MaJldi COPTH 3JIT XapKiBChbKUMU, bymat
xapkiBcekuii Ta Jlocrarok xapkiBecbkuii — 20,3, 20,0 ta 19,8 % siamosigHo, IIK — 80 ox.
(IT rpyna sikocri), 73 Ta 73 oxn. BinnosiaHo (I rpymna sikocTi).

Cuna GopomrHa BapitoBana Bix 68 10 154 o.a. HaiiGinpmoro BoHa Oyna y etanony Jlapxmioa
XapKiBChbKui — 154 0.a.; 3miT xapkiBchbkui, bynaTt xapkiBcbkuit Ta Jlocratok XapkiBchbkuii — 109—
118 o.a., Kpimocts xapkiBcbka, Omopa xapkiBcbka, Boist xapkiBcbka Ta bopuBiTep XapKiBChbKHiA
—92-100 o.a.

[MpyxHicts copriB (P) TpuTuKaie siporo ctanoBmia Bix 35 10 69 MM, po3TsukHicTh (L) — Bin
53 o 74 mm. Haiibinbimum criBBigHotieHHst P/L Oyno y etanony Jlapxmi6a xapkiBcekuit — 1,3.
Coptu [locratox xapkiBchkuii Ta KpimocTe xapkiBchbka Manu 30amancoBanicte 1,2 Ta 1,0
BIJIIIOBITHO.

00’emuuii Buxija xmba tputukane sporo ctanoBus Big 400 g0 500 mut. Kpammii 06’ em xmiba
O0yB y coptiB Kpinocts xapkiBchbka, etanony Jlapxiiba xapkiBcbkuil, JlocTaTok XapKiBChbKUM Ta
Ckap0 xapKiBCHKHIA.

3aranbHa xmiOomekapchbka OIlIHKA TpUTHKalle siporo craHoBwna 7,4-8,8 OaimiB. Etanon
Japxmiba XapKiBCbKHUH MaB HaWBWIIHMKA PIBEHb 3arajibHOI XJI100MEeKapCchKoi OIiHKK — 8,8 OarliB.
HaiimenmmM nanmii noka3sHuk OyB y coptiB bynaT xapkiBcbkuii (7,4 6ainiB) Ta Onopa xapKiBcbKa
(7,8 GamniB).

3aranpHa xmi0oneKkapchKa OIiHKa TTO3UTUBHO KOPETIoBasia 3 TOKa3HUKaMu 00’ eMy xuiba (I =
0,86), sxocti kneiikoBunu (r= 0,51) ta mpyxuocti Ticta (r = 0,30). BcranoBneHo 3BOpOTHI
KOpEJALii MIXK 3arajlbHOIO XJ1100MEeKapChKOO OLIHKOIO Ta MOKa3HUKaMM PO3TSHKHOCTI TicTa (I = —
0,47), B7micTy kpoxmaito B 3epHi (I = —0,46) ta HaTypu 3epHa (r = —0,35).

YpokaliHICTh 3€pHAa Maja TICHY cepeaHto kopesiito 3 Macoro 1000 3epen (r=0,55).
BoaHoudac noka3HuMK BpokaifHOCTI mepeOyBaB y 3BOPOTHIN Kopessuii 3 cuiorw GopomHa (I = —
0,64) Ta npyxkHictio Ticta (r = -0,51).

Knrouoei cnosa: mpumukane sipe, copm, AKicmbv, YpOHICAHICMb, KOPENAYIA.
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